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1.0 OBJECTIVEmURPOSE 

Sodium hydroxide was added to tank 241-AN-I06 (AN-106) in June 2002 in anticipation of receiving 
waste from tank 241-C-103 (C-103). This transfer occurred between November 2002 and 
February 2003. A recent effort to accelerate closure of selected single-shell tanks (SSTs) has resulted 
in a plan to transfer the sludge heel in tank 241-C-106 (C-106) to double-shell tank (DST) AN-106 as 
well. For this transfer, the C-106 sludge will first be dissolved in a one molar (moles/liter or MJ oxalic 
acid solution. The acid solution will then be transferred to tank AN-106 batch wise where it will 
undergo in-tank neutralization. 

This document calculates the volume of 25-wt% (8 MJ sodium hydroxide solution that must be added 
to tank AN-I06 for the waste to remain above the specifications of Administrative Control (AC) 5.15, 
“Corrosion Mitigation Program” (CH2M HILL 2003a) after the planned C-106 waste transfer. 

2.0 BACKGROUND 

The DST Integrity Project added 8.1 kgal of 25-wt% caustic in June 2002 (Wood 2002). The goal of 
the chemical addition was to keep the waste above the AC 5.15 limits for at least 5 years 
(Conner 2002), accounting for the planned C-103 saltwell pumping transfer. The Corrosion Mitigation 
Program projects tank chemistry out for a maximum of 5 years (Fort and Klem 2002). A confirmatory 
sample was taken and analyzed following the chemical addition but before the C-103 transfer 
(Sosa 2002). 

Tank C-103 saltwell pumping began on November 29,2002, and continued until February 9,2003. A 
total of 113.8 kgal of C-103 waste was transferred to tank AN-106. This volume represented 
approximately 34 kgal more waste than was originally anticipated. Because of the increased volume 
transferred to AN-106, the C-106 waste buffer will have consumed some of the excess hydroxide from 
the June 2002 caustic addtion. Consequently, not enough hydroxide remains in the waste to meet the 
5-year goal and another chemical adjustment was forecast for fiscal year (FY) 2005 to keep the waste 
above the AC 5.15 chemistry control limits (Fort et al. 2003). 

Before the sludge heel in C-106 is retrieved and transferred to AN-106, the supernatant in tank 
241-AN-I01 (AN-101) will first be transferred to AN-106. This transfer will supply extra waste 
volume and hydroxide inventory to the tank to support neutralization of the C-106 acid waste stream. 

The goal of the C-106 Waste Retrieval and Closure Demonstration Project is to retrieve and transfer 
the majority of the C-106 waste to DST storage, leaving a residual waste heel of less than 360 ft3 (or 
-2700 gallons). The supematant in the tank was transferred to tank 241-AY-102 in April 2003. The 
current estimate of the amount of solids remaining in tank C-106 is approximately 9.1 kgal 
(Riess 2002). Therefore, at least 6.4 kgal of the remaining sludge heel in tank C-106 would have to be 
retrieved to meet the objective of the retrievalklosure project. Oxalic acid (a mild acid) has been 
proposed to achieve the retrieval by dissolving up to 70 percent of the remaining sludge and 
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.ransfemng the resultant acid waste to tank AN-106. AC 5.15 establishes the chemistry limits for 
Yaste stored in DSTs to control corrosion of the primary tank wall to within acceptable levels. Enough 
Zaustic needs to be added to AN-106 beforehand to accomplish the in-tank neutralization of the C-106 
acid waste transfer and to keep the waste chemistry above the AC 5.15 limits for at least 5 years. 

3.0 OPENITEMS 

The calculation assumes full mixing and neutralization of the C-106 acid waste stream with the caustic 
adjusted AN-106 waste as it is added to the tank. If the more dilute, high volume, acid stream from 
.ank C-106 does not mix with the waste in tank AN-106, then the surface layer in tank AN-106 would 
iot meet the AC 5.15 specifications. This open item will be addressed in the Process Control Plan for 
2-106 retrieval. 

4.0 METHODS OF ANALYSIS 

lalculation methods are common chemical engineering methods such as material (molar) balance, 
:oncentration (pH and molarity), and volume calculations, along with routine algebraic manipulations. 
The depletion of hydroxyl ion (OK) from the supernatant via absorption of carbon dioxide from 
itmospheric air is predicted using the Hobbs equation (Fort et al. 2002). 

rhis calculation generally follows the format (methods, equations, and symbols) established in 
:alculations for recent chemical additions to tank 241-AN-107 (Carothers 2003) and tank AN-106 
:Canner 2002). 
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1.1 Symbols 

Vi 
Vf 
V N ~ O H  
VC-103 

VC-I06 

VAN-IOI 
VHZO 

C i  

Cf 

C N ~ O H  
cc-IO3  

c c - 1 0 6  

CAN- I 01 

Ci-Hobbr 

Cf-Hobbr 

c H 2 0  

Mi 
Mf 
M N ~ O H  
Mc.103  

M C - I N  

MAN-IOI 

R” 
t 
B 

MHZO 

DC-103 

DC-106 

initial supernatant volume, AN-106 
final supernatant volume, AN-106 
added caustic solution volume 
transferred volume, C-103 
transferred volume, C-106 
transferred volume, AN-101 
transferred dilution and flush water volume 
initial supernatant concentration, AN-106 
final supernatant concentration, AN-I06 
initial supernatant concentration for Hobbs depletion calc. 
final supernatant concentration for Hobbs depletion calc. 
concentration of added caustic solution 
concentration of transferred C-103 waste 
concentration of transferred C-106 waste 
concentration of transferred AN-101 waste 
concentration of transferred dilution and flush water 
initial amount of chemical specie, AN-106 supernatant 
final amount of chemical specie, AN-106 supernatant 
amount of sodium hydroxide added to AN-106 
amount of chemical specie, C-103 
amount of chemical specie, C-106 
amount of chemical specie, AN-101 
amount of transferred dilution and flush water 
ventilation rate 
reaction or depletion time 
fraction CO2 absorbed by waste 
caustic demand in C-103 liquid waste 
caustic demand in C-106 acid waste 

kgal or L 
kgal 
kgal 
kgal 
kgal 
kgal 
kgal 
moleslliter (IvJ 
- M 
- M 
- M 
- M 

- M 
- M 
- M 
moles 
moles 
moles 
moles 
moles 
moles 
moles 
ft3/min 
days 

moles OR/liter 
moles OH-/liter 

M - 

- 

1.2 Constants and Conversions 

1 inch tank elevation 2750 gal 
kgal 1000 gal 
gal 3.785 liters (L) 
kL 1000 L 
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4.3 Volume and Concentration Calculations 

The OH- concentration is determined through direct analysis or through a pH measurement and 
conversion to OH-. The best method is through direct analysis. However, if the OH- concentration is 
too low, a direct analysis may be below the detection limit, or may be subject to high uncertainty. 
Banning (2002) recommends using a converted pH measurement when the pH is below 12.5. The 
common conversion from pH to OH- concentration is shown in Equation 1. 

c,,- = 10(p~-'4) (1) 

Caustic depletion occurs in tank AN-106 on a continuous basis. Hydroxyl ion in the supernatant reacts 
with absorbed carbon dioxide from tank ventilation air to produce bicarbonate and carbonate ions and 
is involved in a complex way with organic degradation reactions. For tank AN-106, the depletion rate 
is calculated using the Hobbs equation. This equation was developed at Savannah River and is used to 
predict OK depletion for all waste types in the Hanford Site DSTs (Fort et al. 2002). A second 
equation from Fort et al. (2002), referred to as the Carothers equation, is used to determine the 
depletion rate in complexant wastes. 

Although Hanlon (2003) categorized AN-106 as containing concentrated complexant (CC) waste, the 
Carothers equation is not utilized in this calculation. With the transfer of C-103 waste, which earlier 
was categorized as dilute-noncomplexed waste (Hanlon 1999), approximately 80 percent of the current 
waste volume in AN-106 is comprised of the C-103 waste. Before the C-106 acid waste is transferred 
to the tank, approximately 206 kgal of AN-101 waste, also dilute-noncomplexed waste, will be 
transferred into AN-106. Therefore, the potential CC component of the waste will make up less than 
10 percent of the AN-106 waste volume. The Carothers equation is not applicable for predicting the 
OH- depletion in the AN-106 waste. 

Volume and concentration calculations are performed using the conservation of volume and material 
balance equations. These equations are in common usage in chemical engineering practice and are 
only listed here. 

Vi + vC.103 +VN.IOI + Vc .1~  + vH20 + V N ~ O H  = Vf 

Mi + Mc.103 + MAN-101 + Mc-IW + MHZO + M N ~ O H  = Mf 

conservation of volume 

material (molar) balance 

The mole quantities for chemical species can be expressed in terms of concentration and volume. 
For example, for the initial supematant in tank AN-106, 

Mi = civ;, 

which for simplicity can be expressed as (CV)i. The chemical species of interest for the Corrosion 
Mitigation Program are free OH-, nitrite ion (NOz-), and nitrate ion (NO?). 

8 
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The molar balance can be restated, substituting concentrations and volumes: 

(cv)i -b (cv)C-103 -b ( c v ) A N - I O I  -b (cv)C-IW -b (Cv)HZO -b ( cV)NaOH = (cv)f (2) 

f the volumes are known, then the molar balance equation can be solved for Cf: 

(“), + (“)C-103 + (cv),4N-101 + (cv)C-lffi + (“)H>O + (cv)NaOH c, = 
v, 

The concentration of chemicals (OH-, NO?, NO?) in water is zero, so the (CV),, term can be dropped 
rom the numerator. In a similar manner, the concentration of chemicals (OH-, NO?, N03.) in the 
3-106 acid waste is assumed to be zero, so the (cv)C.]06 term can be dropped from the numerator also. 
h l y  minor amounts of OH-, NO;, and NO? remain in the sludge because of the mixing that occurred 
vith dilute sluicing fluid during the first C-106 waste retrieval that occurred in 1988 and 1989. 
idditionally, before acid is added to tank C-106 to dissolve the residual sludge, the sludge will be 
,luiced with water and a transfer made to tank 241-AY-102. This sluicing operation will further 
‘emove any residual OH-, NO?, and NO?. Therefore, after substituting from the conservation of 
iolume equation for Vf, the following equation is obtained 

rhis molar balance equation for the supernatant does not account for chemical reactions in the waste 
i.e., caustic demand). 

1.4 Caustic Demand 

3austic demand was not expected to be significant in the AN-106 waste prior to the C-103 transfer 
jecause the hydroxide concentration was high (-2 MJ. Caustic demand was expected to be significant 
n the C-103 liquid waste that was transferred to the tank because the hydroxide concentration was low 
-pH 10). The C-106 acid waste will have a significant caustic demand. Equation 2 can be modified 
o take into account caustic demand: 

9 
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f the final volume is not fixed but the final target concentration is known, then the conservation of 
rolume and molar balance equations can be solved simultaneously for the caustic volume. 

1.5 Hobbs Equation 

The Hobbs equation (Fort et al. 2002) calculates OH- depletion based on the ventilation rate and 
upernatant volume. The equation is presented in Equation 6. 

1.27 BR,t - - 
'1 Hobbr - ', . Hobbs 

' f  

where C, - Hobbs = initial OH- concentration @v'IJ 

Cf&,bs = final OH- concentration (MJ 
B 
Rv 
t =time (days) 
v, = supernatant volume (L) 

The B term of the Hobbs equation is defined in Fort et al. (2002): 

= fraction CO2 absorbed by waste 
= primary tank ventilation rate (standard ft3/min) 

B = 0.165(10gC~_~,~, +14)-1.569 

<quation 6 can be rearranged to solve for t :  

- 
('iLHobbs ',. Hobbr )'f t =  

1.27BR" 

(7) 
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113 8 kgal Sasakr (2003) Transferred waste 
volume 

5.0 INPUT DATA 

Dilutioniflush water 
Surface level' 
Waste volume 
Solids volume 
Solids volume 

5.1 

Data needed for the calculations are presented in Tables 1 through 7 Data sources are shown in the 
tables The solids volume data for AN-101 requires further explanation Hanlon (2003) shows no 
sludge or saltcake in the tank However, a zip cord measurement taken at the time of the October 2002 
g a b  sample event indicated that a 17-inch solids layer exists in the tank This represents the most 
xrrent information and is used in determining the AN-] 01 supernatant volume available for transfer 

Concentration, Level, and Volume Data 

Table 1. Tank Level and Volume Data. 

4 3  kgal Sasaki (2003) 
92 05 inches SACS (CH2M HILL 2003h) 
253 kgal by coiivcrsion (Section 4 2) 
17 inches CH2M HILL (2002h) 
47 keal bv conversion (Section 4 21 

c-106 

AN-1 0 I 

Transferred sludge 1 6.4 1 kgd 1 assumption (Section 5.2) 
Dilutioniftush water 0.3 kgal assumption (Section 5.2) 

1 Supematantvolume 1 206 bv difference 
1 Dilutiodflush water 1 3 assumption (Scction 5 2) 

Transferred oxalic acid 1 210 1 kgal 1 Rogers (2003) 

Table 2. Tank 241-AN-106 Liquid Mean Data from 2002 Grab Samales. 

I Hvdroxidc 1 3 29E+04 I ue /mL 1 17 0 1 1 94 

I 1  



Evaluation Analysis 

Simple Averagc NIA 1 N/A 1 NIA NIA 1 1.08E-04 1 __ M 

gotes Mean datd for selected constituents from CH2M HILL (2002d) MoleLuldr weights from Periv m d  Green (1984) 
Hydroxide datd from Table 3 

Table 5. Tank 241-AN-101 Liquid Data from 2002 Grab Samples. 

‘&xes Mean data tor selected conmuents from CH2M HILL (2003~) Molecular weight? from Perry and Green (1984) 

Table 6. Sodium Hydroxide Chemical Data. 

, AN-I06 addition) , , I 
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Table 7. 241-AN-Farm Ventilation Data. ........ 
,... . . . . . . . .  

'Tank Including Inteakage' 
I-.- J ..........__....I ...... ....... 

7 <  

........ 
,... . . . . . . . .  

'Information from ECNd68222 (CH2M HILL 2002~) 
2Ca1culated by dividing difference between total system flow and total inlet onfice flow 
evenly between all tanks and addmg to each tank's iidet onficc flow 

'Stack flow measured on March 19,2003 (CH2M HILL 2003d) 
4Standard flow at 1 atmospherc and 32 "F for 241-AN stack pressure and temperahue of 
29 371 iii Hg and 79 O F ,  rcspcctively (CH2M HILL 2003d) 

'he 241-AN Tank Farm ventilation flow data of Table 7 dlffers from that in Fort et al (2002), whtch IS 
ised in OH'depletion rate calculations for various documents that support the Corrosion Mitigation 
'rogram That ventilation flow data was derived from a data collection effort conducted in 2000 
Kufahl and Barker 2000) Since that time, some orifice plates in the air inlet assemblies of the 
:41-AN tanks have been changed out (CH2M HKL 2002e), whlch effectively changes the ventilation 
ir flow through the affected tanks Although the total flow from the tank farm ventilation system 
emains roughly unchanged, the flow values of Table 7 are considered more representative of current 
iperating condition of the tanks The Table 7 ventilation flows for tanks AN-I01 and AN-106 are used 
n the Hobbs equation to project OH- depletion rates in this calculation 

i.2 Key Assumptions 

m It is assumed that the contents ofAN-106 will he well mixed If the C-106 acid waste stream 
and flush water do not mix with the waste in AN-106, then the waste at the surface may not 
meet the AC 5 15 specifications This assumption is an open item (Section 3 0) and will be 
addressed in the Process Control Plan for C-106 retrieval 

A total tank volume can be determined accurately in a DST with a free liquid surface 
However, settled solids volume estimates are much less accurate since they are typically made 
from a small number of solids level measurements in the tank Since the saltcake and 
supernatant volumes of tank AN-106 were both fairly small before making the (2-103 transfer, 
any inaccuracies in the initial volume estimates would be magnified For example, if the 
starting supernatant volume were actually 40 kgal instead of 29 kgal (i e , the difference 
between the waste volume and solids volume in Table I), subsequent calculated caustic 
concentration would be significantly affected 

* 

13 



I CH2M HILL Hanford Group, Inc. WP-13502, Rev. 1 I 
Evaluation Analysis 

Title: AN-106/C-l06 Caustic Volume Calculation Onginator: 

Identifier: P-06-01 Rev. 1 Checker: b c / b ,  Date: c/a, fo, 
U 

- 

Another approach to arrive at an initial supernatant volume is by mass balance. It can be 
assumed that all of the OH- added in June 2002 was still present when the tank was sampled in 
July. That is: 

M; = M N ~ O H  

This seems reasonable because no reactions were expected when the caustic was added 
(Conner 2002). In addition, the waste in AN-106 had measurable OH- prior to the June 2002 
chemical addition. The OK concentration from the sample event on September 4, 2001 was 
0.21 M_ (Bushaw 2001). Hydroxide depletion from carbon dioxide absorption was projected to 
cause the OH- concentration of the waste to drop by an order of magnitude to 0.02 M by 
March 2002 (Fort 2002). The O R  in the waste at the time of the June 2002 caustic addition is 
considered insignificant in comparison to the change in OH- from the 8.1-kgal addition of 8 M 
caustic. 

The material balance (mole) above can then be expressed in terms of concentration and 
volume, and solved for the AN-106 supernatant volume (Vi): 

(CV); = (C~)N=OH 

(8 M)(8.1 k g d )  
1.94 M 

v. = 

Vi = 33.4 kgal 
Vi = 1.26E05 L 

Because of the uncertainty in the measured solids volume, this calculated value of 33.4 kgal is 
the best estimate of the initial supernatant volume in AN-I06 before the C-103 transfer. 

The volume of flush water that will be used to make the AN-101 transfer is assumed to be 
300 gallons. This volume is based on a pipeline flush equal to two transfer line volumes after 
completing the transfer. The holdup volume for the piping route from tank AN-101 to tank 
AN-106 is approximately 140 gallons, assuming 360 ft of 3-inch Schedule 40 piping. The 
assumedroute is from the 241-AN-01A central pump pit through transfer line SN-261 to the 
241-AN-B valve pit, then trough transfer line SN-268 to the 241-AN-A valve pit, and from 
there through transfer line SN-266 to the 241-AN-06A central pump pit. 

The volume of C-106 sludge dissolved in the oxalic acid dissolution process and transferred to 
AN-106 is assumed to be 6.4 kgal. This represents the retrieval of all but 360 ft3 of sludge 
currently estimated to remain in tank C-106, which is required in order to interim close the 
tank. Preliminary process chemistry test results indicate that 50 to 70 percent by weight of the 

14 
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sludge dissolves when contacted with 1 M oxalic acid (Herting 2003). At 9.1 kgal residual 
sludge remaining in the tank and an estimated sludge density of 1.7 g/mL, the 6.4 kgal sludge 
retrieval would require dissolution of 70 percent by weight of the current sludge volume. 

Another assumption is that 3 kgal of water will be required to retrieve tank C-106. This is 
based on an assumption that the 10 anticipated batch transfers of acid waste to tank AN-106 
will require hose-in-hose transfer line (HIHTL) flushes of approximately two transfer line 
volumes. The "TL holdup volume is approximately 140 gallons, assuming 850 ft of 2-inch 
inside diameter hose. 

6.0 RESULTS 

6.1 

The AC 5.15 chemistry limits are variable depending on the OH-, NO?, and NO< concentrations in the 
waste. Based on the Table 2 composition of the initial AN-106 waste and the Table 4 composition of 
the C-103 waste transferred into the tank, the waste currently in tank AN-106 contains less than 1 M 
NO<. The applicable limits (CH2M HILL 2003a) for waste with a NO< concentration of less than 
1.0 M and waste temperature less than 167 "F are: 

Calculation of AC 5.15 Chemistry Control Limits 

0.010 M 5 [OH] 5 8.0 M 

0.01 1 M 5 [NO?] 5 5.5 M 

(9) 

(10) 

. 
[NO,-] + [OH - 1  

where the brackets [I denote concentration in molarity. 

The applicability of these limits once the tank AN-101 alkaline waste and the C-106 acid waste are 
transferred to tank AN-106 will be addressed in Section 6.3. 

6.2 

Since sampling AN-106 in July 2002, a total of 118 kgal of C-103 saltwell liquid and flush water has 
been transferred to the tank (see Table 1). This added waste now represents 70 percent of the tank 
waste volume. The dilute nature of the C-103 waste together with its significant buffer are expected to 
have causes a substantial reduction in the inventory of hydroxide ion available in the tank. This 
section calculates a projected waste composition for the current AN-106 waste. 

Current Tank AN-106 Waste Chemistry 
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.2.1 

'he average concentration of NO< after the C-103 waste addition can be calculated by a material 
malance (Equation 3). In this case, only the terms associated with the initial AN-106 waste and the 
:-lo3 waste transferred into the tank are applicable. All non-related terms can be dropped. 

Current Projected Nitrate and Nitrite Concentrations 

AN-106: C: = 0.86 M NO< and 0.47 M NO2 
V, = 33.4 kgal 

CC.,O~ = 0.0158 M NO3- and 0.384 NO2 
VC.lo3 = 113.8 kgal 
V H ~ O  = 4.3 kgal 

C-103: 

(0.86)(33.4) + (0.0158)(113.8) 
33.4 + 113.8 + 4.3 

c, = 

C,= average NO< concentration = 0.201 M 
'he concentration of NO; is calculated using Equation 3 in a similar fashion to NO3- above, using the 
lata from Sections 5.1 and 5.2. The result is: 

Average NOC concentration = 0.392 

iince this NO; concentration is over an order of magnitude greater than the limit in Section 6.1, a 
iitrite addition is not necessary. Additionally, based on the Equation 11 ratio, the minimum OH- 
:oncentration limit defaults to that of Equation 9, or 0.010 M. 

i.2.2 Current Projected Hydroxide Concentration (Including Caustic Demand) 

To estimate the current tank AN-106 waste hydroxide concentration, the hydroxide initially in the tank 
nust first be depleted from the July 2002 sample date until the start of the C-103 transfer in November 
!002. The Hobbs equation of Section 4.5 is used in this caustic depletion calculation. Then the final 
:oncentration from the C-103 transfer can be determined using Equation 4. Finally, hydroxide 
lepletion using the Hobbs equation is calculated from the end of the C-103 transfer in February 2003 
o arrive at the projected AN-106 waste composition in June 2003 before the planned caustic addition. 

Iepletion of the initial AN106 hydroxide concentration using the Hobbs equation is calculated using 
Quations 6 and 7. 

- - 1.27BRVr 
' f .Hobbs - ' i -Hobbs  

"f 
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B = 0.165(l0gC,_~~~,,  +14)-1.569 (7) 

where Cj-Hobbs = 1.94 IvJ OH- as of the July 30,2003 sample date 
CfHobbs = unknown 
B = unknown 
Rv 
t 
Vi 

= 81.3 standard cubic feet per minute (scfm) 
= 122 days (7/30/02 - 11/29/02) 
= 33.4 kgal (1.26E+05 L) 

kcause the hydroxide changes with time from reaction with carbon dioxide in the ventilation air, the 
raction absorbed B decreases with time. Therefore, the above equations are solved in 7-day time 
ncrements over the period until November 29,2002 to approximate the affect of the changing 
bsorption fraction on the hydroxide depletion. For each successive calculation, Ci H&bs is set equal to 
:f_Hobbs of the previous calculation. The calculation was performed using an Excel'spreadsheet titled 
AN-106 Hobbs Hydroxide Depletion for C-106 Acid Waste Transfer" (see Appendix A). The 
irojected AN-106 hydroxide concentration before starting the C-103 transfer is 

Cf_Hobbs = 1.86 M OH- as of November 29, 2002. 

'he potential for caustic demand in the AN-106 waste was discounted in Section 4.4. However, 
,austic demand is a significant factor in the C-103 waste transferred to the tank because the pH is 
round 10. In that range, reactions such as the conversion of carbonate to bicarbonate and phosphate 
o biphosphate are expected. Caustic demand of the C-103 waste has been determined (Beck 1996). 
ihis reference reports a calculated caustic demand of 0.27 M_ OH-, along with an estimate of 0.22 M 
>H- from a prior study. Therefore, a caustic demand of 0.27 M OH- waste will be applied. 

DC.103 = 0.27 M OH-/L 

:he projected OH- concentration from the C-103 transfer is calculated according to Equation 4. Again 
inly the terms associated with the initial AN-106 waste and the C-103 waste transferred into the tank 
r e  applicable. 

- /  
fVC-103 "HZ0 

(4) 

AN-106: Cj = 1.86 M 
Vi = 33.4 kgal 
Vi = 1.26E+05 L 

Microsoft@ Excel is a registered trademark of Microsoft Corporation, Redmond, Washington. 
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C-103: Cc.103 = 0 M (the OH- concentration is virtually zero) 
Vc.,03 = 113.8 kgal 
Vc.,oj = 4.31Ei-05 L 
&.lo3 = 0.27 M 

Dilution H20: C H ~ O  = 0 M 
VHz0 = 4.3 kgal 
V H ~ O  = 1.63E+04 L 

(1.86)(1.26E+05) +(0)(4.31E+05) -(0.27)(4.31E+05) c, = 
(1.26E+05)+(4.31E+05)+(1.63E+04) 

Cf= 0.206 M OK from transferring the C-103 waste. 

!n a similar manner to that described above, the combined AN-106/C-103 waste initial hydroxide 
:oncentration will undergo depletion accordmg to the Hobbs equation from February 2003 until 
lune 2003, after which caustic and AN-101 waste will be transferred into the tank in preparation for 
-eceipt of the C-106 acid waste. 

In this case, Cj-Hobb5 = 0.206 M 
Cf_Hobbs = unknown 
B = unknown 
R V  = 81.3 scfm 
1 

V, 
= 120 days (2/10/03 - 6/10/03) 
= 151.5 kgal (5.73Ei-05 L) 

4s was described above, the Hobbs equation is solved in 7-day time increments over the period until 
lune 10,2003 to approximate the effect of the changing absorption fraction on the hydroxide 
iepletion. In successive calculation, Ci-HobbJ is set equal to C f 3 , b b s  of the previous calculation. An 
Excel spreadsheet was used to perform the calculation (see Appendix A). The projected AN-106 
iydroxide concentration at the time of the planned caustic transfer is 

Cf-HobbS = 0.193 M OH- projected as of June 10,2003. 

6.3 

Zontrolling the waste chemistry of DSTs is a Technical Safety Requirement (TSR) that was 
mplemented to protect the integrity of the primary tank wall by minimizing its corrosion. AC 5.15, 
‘Corrosion Mitigation Program,” sets the acceptable range for OH-, NO;, and N03- concentrations in 
waste stored in the DSTs to provide the desired corrosion protection of the primary tank carbon steel 
@all (CH2M HILL 2003a). An acid transfer would not meet the AC requirements and, therefore, 
:ould degrade the level of corrosion protection if complete neutralization and mixing with waste in the 
DST does not occur. The inventory of hydroxide in tank AN-106 will have to be supplemented before 
-eceiving the C-106 acid waste to ensure that complete neutralization is possible (Le., enough 

Tank AN-106 Caustic Volume for C-106 Acid Waste Transfer 
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ydroxide is available in the waste to meet the caustic demand of the acid waste transferred to the 
mk). Additionally, enough excess caustic needs to be added to keep the resultant waste above the 
iC 5.15 chemistry control limits for at least 5 years. 

8.3.1 

'ransfemng the supematant from tank AN-101 to AN-106 is planned to provide additional waste 
olume and supplement the hydroxide inventory in the tank before beginning the C-106 acid waste 
iansfer. With a hydroxide concenuation of 1.59 M_ in October 2002 (see Table 5), transfemng the 
iN-101 waste will increase the AN-106 waste hydroxide concentration substantially above the 
1.193-M_ O H  projected for the current waste by June 10,2003. 

'he most recent sampling of tank AN-101 was on October 8,2002. The OH-, NOY, and NO? 
oncentrations as of the sample date are given in Table 5. However, continued absorption of carbon 
.ioxide from the ventilation air by the waste will have caused depletion of the hydroxide 
oncentration. The projected hydroxide concentration of AN-101 waste in June 2003 can be calculated 
ty using the Hobbs equation of Section 4.5. 

Projected AN-106 Chemistry from AN-101 Transfer 

In this Case, Ci-Hobbs = 1.59 @ 
C/-Hobbs = unknown 
B = unknown 
Rv = 81.3 scfm 
t 
Vi = 206 kgal(7.81E+05 L) 

= 245 days (10/8/02 - 6/10/03) 

'he Hobbs equation is solved in a manner similar to the solutions in Section 6.2.2. The equations are 
olved in 7-day time increments over the period until June 10,2003 to approximate the affect of the 
hanging carbon dioxide absorption fraction on the hydroxide depletion. In successive calculation, 
:j-Hobbs is set equal to cf_Hobbs of the previous calculation. An Excel spreadsheet was used to perform 
he calculation (see Appendix A). The projected AN-101 hydroxide concentration is 

C f y o b b s  = 1.57 M OH- as Of June 10,2003. 

:he projected supernatant composition of the combined AN-106 and AN-101 wastes can be 
letermined using Equation 3. Again, only the terms associated with the current AN-106 projected 
vaste chemistry determined in Section 6.2.2 and the AN-101 waste transferred into the tank are 
pplicable. Substituting using the O R  concentration and total volume for the current AN-106 waste 
lerived in Sections 6.2.2, and the AN-101 projected O R  concentration from above together with 
nformation from Table 1 and Table 5, Equation 3 is solved to give the projected final AN-106 OH- 
oncentration from transferring AN-101 waste into the tank. 
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AN-106: Cj = 0.193 M OH, 0.201 M NO<, and 0.392 M NO2 
Vi=  151.5 kgal 
Vi = 5.73E+05 L 

(0.193)(5.73E + 05) + (1.57)(7.81E +05) 
’ - (5.73E+05)+(7.81E+05)+(1.14E+03) 

c -  

Cf= 0.986 M OH- from transfemng AN-101 waste. 

The concentrations of NOY and NO< are calculated using Equation 3 in a similar fashion to OH- 
ibove, using the data from Sections 6.2.1 for AN-106 and the AN-101 data from Table 1 and Table 5. 
The results are as follows: 

Average NOY = 1.38 M from transferring AN-101 waste. 

Average NO< = 1.17 M from transfemng AN-101 waste. 

Therefore, the projected chemistry of tank AN-106 waste with C-103 and AN-101 wastes transferred 
nto the tank meets the AC 5.15 limits. The applicable limits (CH2M HILL 2003a) for waste with a 
‘JOY concentration of greater than 1.0 M but less than or equal to 3 M are: 

0.1 ([NO<]) 5 [OH-] 5 10.0 M 

[OR] + [NO21 ? 0.4 (BOY]) 

where the brackets [I denote concentration in molarity. 

i.3.2 C-106 Acid Waste Caustic Demand 

The 1 M oxalic acid solution added to tank C-106 to dissolve the sludge heel in the tank will require 
hat sufficient hydroxide be available in tank AN-106 to neutralize the acid waste stream as it is 
ransferred to AN-106. Preliminary laboratory results investigating the acid dissolution process 
ndicated that contacting the C-106 solids with the oxalic acid caused chemical reaction accompanied 
)y significant off gassing (Herting 2003). The amount of acid consumed in this reaction has not been 
pantified and would be uncertain in any case given the potential non-homogeneity of the C-106 
iolids. 
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\conservative assumption is made that all the oxalic acid added to tank C-106 will undergo 
ieutralization when added to tank AN-106. Therefore, the caustic demand of the acid waste stream is 
:stimated from the stoichiometry of the neutralization according to the below reaction. 

2NaOH + C2H204 + Na2C204 + 2H20 

rherefore, the caustic demand of the C-103 acid waste ( D c . ~ o ~ _ ~ ~ : , J  is 2 mole OH- per mole of oxalic 
icid or, because the concentration of oxalic acid used will be 1 M, the caustic demand is equivalent to 
! moles OH- per liter of oxalic acid. 

i.3.3 Caustic Volume Required for AN-106 Chemistry Control 

The final OH- concentration of AN-106 following neutralization of all the C-106 acid waste transferred 
o the tank must be high enough to keep the combined waste within the AC 5.15 chemistry limits for at 
east 5 years. This final OH- concentration, which will deplete over the 5-year period to the chemistry 
:ontrol limit, is calculated using the Hobbs equation (Equations 6 and 7). Because the 210 kgal of 
)xalic acid to be transferred into tank AN-106 will contribute approximately 50 percent more waste 
iolume than the expected 360 kgal in tank AN-106 after making the AN-101 transfer, the 1.17 M NO? 
:oncentration of tank AN-106 calculated in Section 6.3.1 will be diluted by approximately 33 percent 
o 0.74 M following the C-106 waste transfer. Therefore, the AC 5.15 limits that will apply following 
:ompletion of the C-106 transfer are those of Section 6.1. 

The following relationship exists between the target final concentration from the caustic addition and 
he Hobbs equation: 

c/= CiLHobbs 

Quation 6 is rearranged to solve for cj-H&,s, which is unknown and depends on the volume of caustic 
ransferred. For this calculation CfHobbs is the lower AC 5.15 OH' concentration, or 0.01 M OH. The 
:alculation is as follows. 

1.27BR"t + - 
'iL Hobbr - 'f Hobbr v f 
B = 0.165(10gC,_,~, +14)-1.569 (7) 

where Ci-Hobbr = unknown 

B = unknown 
RV = 81.3 scfm 
t 
v, = unknown 

C/-Hobbs = 0.01 h!! 

= 1825 days (5 years) 
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'he final volume b o f  Equation 6 can be expressed by the conservation of volume relationship from 
ection 4.3. 

vi + VC-106 + v H 2 0  + VNOOH= 

,imilarly, the target final concentration of the caustic addition cj-H&,s in Equation 6 and Equation 7 
bove can be expressed using a modified version of Equation 4. 

'he volume of caustic that needs to be transferred to AN-106 to neutralize the C-106 acid waste and 
.eep the bulk waste within AC 5.15 limits for at least 5 years is calculated using a trial and error 
pproach. The approach follows the following sequence. 

1. Assume a volume of caustic, V N ~ O H .  

2. Calculate an initial O R  concentration Cj-Hobbs Using Equation 4. 
3. Deplete the OH- concentration over a 5-year period using the Hobbs equation and the 

approach described in Sections 6.2.2. For this calculation the equations are solved in 
14-day increments over the time period June 2003 to June 2008. 

4. Compare the calculated ending OH- concentration Cf_Hubbs with the AC 5.15 limit, 0.01 M. 
5. Repeat the steps 1 - 4 until the depleted O R  concentration at the end of the 5-year period 

equals the AC 5.15 limit. 

'he input data to the trial and error calculation are as follows. 

AN-106: Ct = 0.986 M O R  
Vi = 360 kgal 
Vi = 1.36E+06 L 

C-106: Cc.1~ = 0 M (the waste is acidic) 
vc.Jo6 = 210 kgal 
Vc.106 = 7.95E+05 L 
Dc-~ff i -~a = 2 moles OH-/L 

NaOH: CN~OH = 8 M 
V N ~ O H  = unknown 

Flush HzO: C H ~ O  = 0 M 
V H ~ O  = 3 kgal 
V H ~ O  = 1.14E+04 L 
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An Excel spreadsheet was used to perform the calculation (see Appendix A). The volume of 25-wt% 
:austic that results in an initial OH- concentration C i _ ~ ~ b b ~  following the C-106 acid waste transfer that 
when depleted over a 5-year period reaches the lower AC 5.15 OH- concentration limit is 

VNuoH = 45,500 L 25-wt% (8 kJ) NaOH or 
V N ~ ~ H  = 12,000 gallons 25-wt% (8 kJ) NaOH. 

From Equation 4 above, where the total volume Vfis equal to 2.21E+06 L (584 kgal), the target final 
OH- concentration of the AN-106 waste following completion of the C-106 acid waste transfer can be 
calculated. 

(0.986)(1.36E +06) + (8)(4.55E + 04) - (2)(7.95E+ 05) c, = 
2.21E+06 

Cf= 0.052 &J OH- 

The final NO; and N 0 i  concentrations are calculated using Equation 3. The concentration and 
volume of the AN-106 waste prior to the C-106 acid waste transfer includes the contributions from the 
initial AN-I06 waste, the C-103 waste transfer and the AN-101 waste transfer. The NO; and NO? 
concentrations in the caustic are zero; therefore, the term C N ~ ~ H V N ~ O H  can be dropped from the 
numerator. The revised equation for calculating the final NO? and N 0 i  concentrations is show below. 

Substituting the volumes for AN-106, C-106, water, and caustic above with the 1.38 &l NO2 
concentration from Section 6.3.1, the final N O i  concentration is calculated as follows. 

(1.38)(1.36E + 06) c -  ' - (1.36E+06)+(7.95E+05)+(4.55E+04)+(1.14E+04) 
CNo2 =0.849@ 

The concentration of NO? is calculated using Equation 3 in a similar fashion to NO? above, using the 
volume data from above and the 1.17 M NO< concentration from Sections 6.3.1. 

CNo, = 0.719 M _  
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i 

Therefore, the projected chemistry of tank AN-106 waste with C-103, AN-101, and C-106 wastes 
transferred into the tank meets the AC 5.15 limits. For a NO< concentration less than 1 M, the 
applicable limits are the same as those listed in Section 6.1. 

When the C-106 acid waste is transferred into tank AN-106 through Riser-015 in the 241-AN-06A 
central pump pit, neutralization will occur initially in the region near the centerline of the tank. 
Because the mixing during the C-106 batch transfers may not be uniform throughout the tank, an 
excess of O R  is needed to assist in neutralizing the oxalic acid stream near the center of the tank 
where initial mixing will occur. A 50-percent excess volume of caustic will be added to account for 
the uncertainty in the mixing during the C-106 transfers. Therefore, the recommended volume of 
25-wt% (8 MJ caustic to add to tank AN-106 in preparation for the transfer of C-106 oxalic acid waste 
into the tank is at least 

V N ~ O H  = 68,300 L 25-wt% (8 MJ NaOH or 
= 18,000 gallons 25-wt% (8 MJ NaOH. 

7.0 CONCLUSIONS 

To keep the bulk waste in tank AN-106 within the AC 5.15 chemistry control limits after transfers 
from tanks AN-101 and C-106, a minimum of 18,000 gallons of 25-wt% (8 MJ caustic must be added 
to the tank before receipt of the C-106 oxalic acid waste. With this caustic addition, the waste in tank 
AN-106 is projected to stay above the OH- specification for a period of at least 5 years, provided no 
other waste transfers into the tank exhibit caustic demand. 

At least 206 kgal of tank AN-101 supernatant must be transferred to AN-106 prior to the C-106 oxalic 
acid waste transfer to provide the O R  inventory needed to completely neutralize the incoming acid 
waste stream. 

The upper limit on the volume of C-106 oxalic acid waste transferred to AN-106 is 210 kgal. 
Transfemng a higher volume of waste will require an additional transfer of caustic to AN-106 
beforehand to ensure sufficient OH will be available to neutralize the extra waste volume. 
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A. 

B. Spreadsheet File Number: KGC-01 

C. 

D. 

Name of Spreadsheet Owner: K. G. Carothers 

File Name of Spreadsheet: AN-106 Hobbs Hydroxide Depletion for C-106 Acid Waste Transfer.xls 

Location of Spreadsheet (share drive, personal computer, data system): \W012\ChardocsEv All 
Staff Members\CarothersWP-13502 Folder 

Brief Description of Function and Purpose of Spreadsheet: 
The spreadsheet is used to determine the caustic depletion of the supernatant in tanks 241-AN-106 and 
241-AN-101, and to calculate the caustic volume needed for tank 241-AN-106 in support of the retrieval 
of tank 241-C-106 sludge by means of an oxalic acid dissolution process. Three caustic depletion cases 
are calculated using identical spreadsheet formulas based on the Hobbs equation described in the 
calculation document. A forth spreadsheet case is used to calculate a caustic volume to add to tank 
241-AN-106 in preparation for receiving tank 241-C-106 oxalic acid waste. This calculation uses a 
trial-anderror approach employing the identical Hobbs caustic depletion formulas used in the other 
three cases. The outputs from the spreadsheet provide answers to calculations described in the 
document. 

Assumptions Important to Spreadsheet Function if Applicable: 
Caustic depletion from absorption of carbon dioxide from ventilation airflow through the primary tank 
headspaces is represented by the Hobbs equation described in this calculation document. 

Method Used to Perform Verification and Verification Documentation: 
The spreadsheet results were verified by checking the inputs, assumptions and results. The inputs were 
verified by checking the spreadsheet inputs against the input source, either from a reference or the 
results of intermediate calculations. All the assumptions were checked for reasonableness. Depletion 
equations were checked to verify the correct output on the specified date. Comparing the equations in 
the text of the calculation document with the formulas contained in the spreadsheet comprised the 
equation check. 

E. 

F. 

G. 

H. Verification Method Documentation Example: 

If this example method is used, the documentation at a minimum must contain: 

a. Intended formula function and intended formula expressed in words and in formulaic symbols for each 
generic formula in the spreadsheet. 

b. Cell formula as entered into the spreadsheet cell for each generic formula. 
c. Initials by the verifier that the intended function will be performed by the intended formula, that item a 

and b are the same and that the cell formula as entered will compute the intended calculations as 
described in step a above. 
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Initial 
AN-106 OH 
Depletion 
Initial 
AN-106 OH 
Depletion 
Initial 
AN-106 OH 
Depletion 

Initial 
AN- IO6  OH 
Depletion 

Curient 
AN-I06 OH 
Depletion 
Current 
AN-101 OH 
Depletion 
Caustic 
Voluine 
caustic 
Volume 

Caustic 
Volume 

Caustic 
Volume 

... -- . 

Intended Formula Function and Intended 
Forniula 

. . .. 
Iiidcu date h) [lie 5p:cilicd i i i i ic incrctncnt 

hcula te  elapsed time in days between date of 
previous calculation and current date. 

r'alculate the fraction COz absorbed by the waste 
Busing Hobbs equation where 

~ 

B =0.165(l0gC,_,,,, +14)-1.569 

Chlculate the depleted OH concentration C,-,,,, 
fur the elapsed time period using Hobbs equation 
where 

- - 1.27BR,r 

v, C/_llih6r - c ~ ~ l l o 6 6 ~  

- 
Same as for worksheet "Initial AN-106 OH 
Depletion" described above. 
- 
Same as for worksheet "Initial AN-106 OH 
Depletion" described above. 

Input a trial volume of 25-wt% (8 M) caustic. 

Calculate the ending OH concentration from 
transferring C-106 acid waste into AN-106 
adjusted with the trial volume of caustic where 

- 

(CV)Afl-i"6 + (CV),,, - (~v)c-106~<z<l<l c, = 
'AN 106 + vNaOF/ + vC-iO, + Vl/,O 

Calculate the ending NO2 concentration from 
transferring C-106 acid waste into AN-106 
adjusted with the trial volume of caustic where 
c, = (CV)AN-i", 

VAN-,, ,  + VN",,, + vc-I", + VH20 

Calculate the ending NO, concentration from 
transferring (2-106 acid waste into AN-106 
adiusted with the trial volume of caustic where 

1 Cli;,htd 

(initial) . 

Cell Fomiula I.-iitered ou 
Spreadsheet 

_. .. ..- 
A14 = A13+$C$9 
(repeated in column for 
increasing row numbers) 
B14 = A14-AI3 
(repeated in coluinn tor 
increasing row numbers) 
C14= 
O.I65*(Log I O(D I Y)+ 14)- 1.569 

(repeated in coluinn for 
increasing row numbers) 
D14 = Dt3- 
(( 1.27*CM*$H$7"B 14)/$1$7) 

(repeated in column foi- 
increasing row numbers) 

Same as for worksheet "Initial 
AN-106 OH Depletion" 
described above. 
Same as for worksheet "Initial 
AN-106 OH Depletion" 
described above. 
Volume input iii liters. 

c23 = 
(B13*B 16~E13*E16-C17*C16)/ 
(B 16+E l6+C IO+DI 6) 

D23 = 
(B 14 *B 16)/ 
(B16+E16+C16+D16) 

E23 = 
(B 15"B IO)/ 
(B 16+E 16+C16+D 16) 

Date 
~ 
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previous calculation and current date. 

Calculate the fraction GOz absorbed by the waste 
B using Hobbs equation where 
B =0.165(10gC,_,,,,, +t4)-1.569 

Calculate the depleted OH- concentration C'.H(~,,, 
for the elapsed time period using Hobbs equation 
where 

Worksheet 
Name 

Caustic 
Volume 

caustic 
Volume 

trial volume of caustic where 

1. Approvals: 

-1 A30 = A29+$C$25 
(repeated in coluinn for 
increasing row numbers) 
€330 = A30-A29 
(repeated in column for 
increasing row iiumbery) 
C30 = 
0 165*(Lo~lO(D29)+14) I 569 

ireueated in column for 
increasing row numbers) 
D30 = D E -  I 
( ( I  27*C30X$H$23*R30)/$1523) 

(repeated in column for 
increasing row numbeis) 

~ 

Date 
__ 

Ownel-: K. G. Carot Date: dh//m 
Verifier: M. J. Klem Date: 5- /w10? 
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