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1.0 INTRODUCTION

Administrative Control (AC) 5.16, “Corrosion Mitigation Program,” is a part of the technical
safety requirement (TSR) for the double-shell tanks (DSTs) and Aging Waste Facility (AWF)
tanks, HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements. Administrative
Control 5.16 requires a program be maintained to manage the DST waste chemistry to limit
corrosion of the primary tank wall. The technical basis for the chemistry control program is
documentced in RPP-7795, Technical Basis for Chemistry Control Program.

Maintaining a minimum specified free hydroxide (OH') ion concentration in DST waste 1s

central to the chemistry control program for AC 5.16. The free OH ion is consumed or depleted
through chemical reactions. Chemical reactions include the depletion of free OH ion through the
absorption of carbon dioxide (CO;) from the tank ventilation air. The current technical basis
identifies the Hobbs equation for usc as a free hydroxide depletion model for CO, absorption,
RPP-7795. The Hobbs model is an empirical correlation of measured CO; absorption rate data
(bascd on solution pH} for eight H-Area tanks from the Savannah River Site, Aiken, SC (SRS),
DPST-87-596, Absorption of Carbon Dioxide in Waste Tanks (U). The Hobbs correlation is not
a mechanistic baged model.

An expert panel was convened in April and July 2004 to review three proposed initiatives to
optimize the chemistry control program. The three initiatives and expert pancl recommendations
are contained in RPP-RPT-22126, Expert Panel Workshop for Hanford Site Waste Chemistry
Optimization. The second initiativc included a proposal to minimize core sampling frequency.
The Expert Panel for Hanford Site Double-Shell Tank Waste Chemistry Optimization
recommended, “the current, schedule-based ... sampling program be suspended as quickly as
possible and be replaced with a sampling frequency determined by measurcments of the
concentration of hydroxide ion in the supematant layer and the concentrations of hydroxide ion
in the sludge estimated by the recently developed Dynamic Mixing Modcl.” The mechanistic
based free hydroxide deplction model for CO; absorption described in this report, when verified
against sample data, will provide an integral engineering tool needed for implementing the expert
panel recommendation.

This document presents a mechanistic based free hydroxide depletion model for CO» absorption
and the benchmark of this model using both Hanford Site and SRS data. A description of the
mechanistic depletion modcl is provided in Section 2.0, along with a description of the Hobbs
correlation. The Hanford Site and SRS beachmark data are contained in Section 3.0, including
Hanford Site OH  ion concentration samplc data and the OH" ion depletion rate obtained from
thesc data. Section 4.0 presents the results of the mechanistic hydroxide depletion modcl
benchmark using Hanford Site and SRS data. The benchmark of the mechanistic hydroxidc
depletion model with the Hanford Site data includes a comparison of the predicted and measured
OH’ ion deplction rates and vapor space CQ; concentrations. The benchmark of the mechanistic
hydroxide depletion model with the SRS data includes a comparison of the predicted and
measured CO; absorption fraction (fraction of CO; in ventilation air absorbed by OH ions in the
tank supernatant).
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This report is prepared by John Marvin, Inc., for CH2M HILL Hanford Group, Inc. 1t has been
independently reviewed by John Marvin, Inc., staff per the Quality Assurance requirements of
John Marvin, Inc. The John Marvin, Inc., reviewer’s checklist is provided in Appendix A.

2.0 HYDROXIDE DEPLETION MODEL

The free OH 1on concentration of the wastc stored in Hanford Site DSTs is maintained within
established limits or adjusted if the chemistry control limits are challenged or exceeded.
Hydroxide, along with nitrite ions, in the was(c proteets the primary carbon steel tank walls from
general corrosion, pitting corrosion and stress-corrosion cracking. The free OH ion is depleted
through absorption of CO; from the tank vapor space, oxidation of sodium salts of organic species,
and reaction with hydrated aluminum oxide, RPP-7795. A description of the OH™ ion depletion
mechanism from CO, absorption and the Hobbs and mechanistic hydroxide depletion models is
provided in the following sections.

2.1 HYDROXIDE DEPLETION MECHANISM

Free OH ions in the supernatant are consumed through the absorption of CO; from the primary
ventilation system air stream. The reactions are shown in Equations 2-1 and 2-2.

@-1 OH ™ +CO, — HCO;~
2-2) HCOy +OH™ - CO; 2 + Hy0

Two moles of OH™ ion are consumed or depleted for each mole of CO; absorbed.
22 IMOBBS MODEL

The Hobbs model is currently used to predict the rate of OH depletion through CO; absorption
for some [Tanford Site DSTs, RPP-7795. The Hobbs model is based on an empirical correlation
of SRS data. The OH ion depletion rate for the Hobbs model is given by Equation 2-3.

(2-3) O‘Hdep == Z'er '[Cozjm‘rmb oI

Wherc:
0OHj.,1s the OH" ion depletion ratc (molcs per unit time).
Osnr1s the primary ventilation volumetric flow rate (volume per unit time).
[ €Oy ] 4y, , 1s the CO; concentration in the ambient air (moles per unit volume).

F is the fraction of air stream CO; absorbed by the free OH ion in the supernatant.
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The absorption fraction F is given by Equation 2-4.

. [ COZ ] @ity [ COQ ] autler

i

[ COZ 7 L1181

-4 ¥

Where;
[CO] e 18 the CO» concentration in the air stream exiting the tank.

An expression for the absorption fraction, F, is obtained using an empirical fit to measured CO;
concentrations in the cxhaust air streams of SRS H-Area waste tanks. The OH™ ion concentration
of the supernatant is used to correlate the data. The correlation for the absorption fraction of CO,
is given by Equation 2-3.

(2-5) F =0.165-(14+ Log(OH ™ })—1.569

The absorption fraction of CO; from the air stream is controlled, at least in part, by the diffusion
of CO, from the bulk air to the air-liquid interface. This mass transport process is similar to the
transport of heat from the supernatant to the vapor space. Theretore, the CO; absorption fraction
should be functionally related to heat transfer parameters, such as the ventifation flow rate and
temperatures of the supernatant and vapor space. These parameters are not included in the
ahsorption fraction term of the Hobbs empirical model.

2.3 MECHANISTIC EYDROXIDE DEPLETION MODEL
2.3.1 Model Overview

An overview of the mechanistic hydroxide depletion model 1s shown i Figure 2-1. CO, enters
the vapor space through the ventilation air stream at the ambient concentration f CO, [

air umpy *
There is a mass transfer of CO» from the bulk air to the vapor-liquid interface at a mass transfer
rate of o, i Carbon dioxide at the vapor-liquid interface is absorbed into the liquid near the

surface. The model assumes that a thin surface layer exists with species concentrations shown in
Figure 2-1. The concentrations of the species CO3, OH ion, and carbonate (COs '2) ion are
related by Equations 2-1 and 2-2, Mass transfer occurs in the liquid between the surface layer

and the bulk liquid as shown in Figure 2-1. The spectes mass transfer rates are @py ,
Weo, ad @eg, e From Equations 2-1 and 2-2 it can be scen that the CO;, absorption rate from

the air (mcozm_r) 18 one-half the OH™ ion depletion rate. The OH ion is depleted primarily at the

surface. However, a small amount is depleted in the bulk liquid. The liquid-side OH" ion and
CO; mass transfer rates are related as shown in Equation 2-6.

(2-6) woy =2 o, .~ 2 Weq,,
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; The CO;~ ion mass transfer rate and CO, absorption rate are related by Equation 2-7.

@-7) 0, = 0C0,

A more detailed description of the model is provided in the following sections.
Figure 2-1 Supernatant Carbon Dioxide Concenération.

f CD: 1, Ol ks Q’M‘

2.3.2 Mass Transfer by the Colburn Analogy

2.3.2.1 Vapor Side Mass Transfor

'The solution of low mass-transfer rate problems can be obtained by analogy with corresponding
problems in heat transfer, Transport Phenomenon, (Bird et. al., 1960). The model is based upon
the Colbum analogy for mass transfer, Bird et. al., 1960. The mass transfer rate is obtained by
analogy to convective heat transfer. The heat transfer rate is replaced by the mass fransfer rate,
the heat transfer coefficient is replaced by the mass transfer coefficient and the temperature is
replaced by the CO; mole fraction.

The CO» mass transfer rate from the bulk air to the air-liquid interface is given by Equation 2-8.

(2-8) @co,, =Tco, " Arak " CO2 Jainy, —(CO2 uir,)
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Where: :
wep, 18 the air-side CO, mass transter rate (moles per unit time).
Ieo, 1s the mass transter coefTicient (unit length per unit time).

Aani 1S the supernatant surface area.
{ CO;y ] g, 1s the CO; concentration at the air-side of the air/liquid interface (M).

[CO ], . 18 the CO; concentration in the bulk air stream (M).

The mass transfer coefficient is obtained from the heat transfer correlation at the waste surface
i with the Prandtl number, from the heat transfer correlation, replaced by the Schmidt number.

The mass transfer coefficient is given by Equation 2-9.

Sh-D
(2-9) Vg =
’ L
Where:
Sh 1s the Sherwood Number (Nusselt Number with Prandtl number replaced with the
Schmidt number),

Dey, is the CO; diffusion coefficient in air.

L is the characteristic dimension which is the tank diameter for the vapor space.

The Sherwood number is obtained from the McAdams natural convection heat transfer Nusseit
number for heated horizontal surfaces, Equations 2-10 through 2-12, from Principles of Heat
Transfer (Kreith 1973).

turbulent natural convection
I

(=10} Sh=0.14-(Gr-Sc)?

laminar natural convection

1
(218 Sh=0.54.(Gr-5c)*

vapor hrotter than the liguid surface

1
| (2-12) Sh=027-(Gr-Sc)

; Where: .
I Gr is the Grashof number.
| Sc 15 the Schmidt number,
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The Grashof number is defined by Equation 2-13, The Schmidt number is defined by
Equation 2-14.

2 -
_ Pair 'g'ﬁ'Dmﬁk-’
- 2
7

(2-13) Gr -AT

v

2.14 Sc=
(2-14) Dea,

Where:
Pair 18 the air density,
£ 18 the acceleration of gravity.
 is the coefticient of thermal expansion.
Dyant s the characteristic length for the mass transfer (waste tank diameter).
AT is the temperature difference between the vapor space and the supernatant.
4 18 the air viscosity.
v 15 the kinematic viscosity (viscosity divided by the density) of air.
Deoo 18 the COy diffusion coefficient in air.

2.3.2,2 Liquid Side Mass Transfer

The mass transfer for the liquid species { 0y , Oco, and ogg, - ) are given by equations

similar to Equations 2-8 and 2-9 where the Sherwood number is based upon the liquid diffusion
coefficients and liquid properties. The characteristic dimension for the waste tanks is the
assumed depth of the supernatant surface fayer. The mass transfer from the surface layer of the
waste tank is assumed to be limited by diffusion. The Sherwood number for diffusion is give by
Equation 2-15, Hea! Transfer (Holman 1968):

(2-15) Sh=1.0
2.3.3 Carbon Dioxide Concentration at the Air-Liquid Interface
2.3.3.1 Carbon Dioxide Concentration Air Side of Air-Liquid Interface

The CO, concentration at the air-liquid interface in Equation 2-8 is determined using Henry’s
L.aw, Equation 2-16, Krieth 1973,

(2-16) Peo, =H, [COy [y,
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Where:
[, is the partial pressure of CO; in the air at the air-liquid interface.
H, is Henry’'s Law constant.
[CO, ]y, is the concentration of CO; in the liquid phase in equilibrium with the gas
phase.

2.3.3.2 Carbon Dioxide Concentration Liquid Side of Air-Liquid Interface

The CO; concentration in the supernatant is assumed to be uniform as a result of mixing by
supernatant convection. The concentration near the surface is given by the equilibrium equation
for CO, absorption. The equilibrium CO, absorption equation can be solved for the CO;
concentration, Equation 2-17.

[CO2
[OH" ] -Kco, - Knco,

@17 [COy /g, =

Where:
[CO, ] lig, is the concentration of C(O; in the supernatant.

[ C03'2 J; is the concentration of carbonate ion in the supernatant.
[OH ~ ], is the concentration of free OH ion in the supernatant.

K g, is the equilibrium constant for Equation 2-1.

K tico, is the equilibrium constant for Equation 2-2.

Figure 2-2 Vapor Side Carbon Dioxide Concentration.
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Equations 2-16 and 2-17 can be combined to give the CO; concentration on the vapor-side of the
air/liquid interface. The vapor-side CO; concentration is shown in Figure 2-2 as a function of
the free OH  ion concentration on the liquid-side vapor/liquid interface. For low OH ion
concentrations, absorption of CO; approaches zero and the CO; concentration on the liquid side
of the mr-llqmd interface approaches thé apshient air concentration, As the free OH ion
concentration increases, the CO, concentration decreases until the CO, concentration approaches
ZET0. :

2.3.4 Bulk Liquid Carbonate Concentrations

The COs7 ion concentration for the bulk supernatant hqmd is estimated from the predicted
CO, absorption rate. The estimated supernatant bulk CO5? ion motarity is given by
Equation 2-18.

OH 4, 3 Ay
2 VYoly,

(2-18) [CO72 o =

[CO;™ ], i the molarity of CO3? ion in the bulk supernatant (moles/liter).
OH,,, is the OH ion depletion rate (moles per unit time).

Ar,,, 18 the approximate operation time of the tank (unit time).

Vol,,, is the supernatant volume (unit volume).

2.3.5 Vapor Space Carbon.Dioxide Bulk Concentration

_' The mole fraction of CO;, in the bulk vapor space air is determined through a mass balance of
CO; above the supemnatant, Equation 2-19.

@19)  xep =2 ;"&w_
az’l’m C()zﬂkw QH' le
Xco is the mole fraction of CO; in the bulk atr-stream,

Zcp. . is the mole fraction of CO; in the ambient air.

CO2 v

Do, . is the CO, mass transfer rate to the interface (mole/unit time).

0, 1s the primary ventilation volumetric flow rate (volume/unit time).
Cgir is the molarity of the ambient air (moles/ volume).
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2.3.6 Solution Methodology

The equations above are solved using Mathcad®. The bulk air CO; concentration given by
Equation 2-19 is a function of the mass transfer rate mvmbyEquahon 2-8, which is a function
of the bulk concentration of CO, in the air-stream. Similarly, the CO:? ion andt OF ion
concentrations at the liquid interface are & fumctlon of the mass transfer rate fram the bulk liquid,
which are a function of the interface values. An iterative solution is obtained by guessing the

values Ofxcom, g [(703“2], ,and fOH"™ ], and iterating until Equations 2-6, 2-7 and 2-19 are
satisfied.

23.7 Summary of Important P‘hysieal’ Constants

The values for several important physmal constants used in the mechanistic depletion model are
given in Table 2-1.

Table 2-1 Summary of Depletion Model Constants.

1 mole sz, Jc;, Trei‘_-.hel,'r, 1999,
Henry’s Law Constant, —- 448x10* | _Jiter | Chemistry & Chemical
H c _ mmHg Reactivity .
| Equilibrium Constant, K g, 3.54x10’ Appendix D
: Equilibrium Constant, X oo, 4.63x1° Kotz, et al., 1999
2
Diffusion Coefficient, chm 0.64 % Krieth 1973

2
Diffusion Coefficient, Dc% 6.9x10° gt Krieth 1973

MacInnes, D, 1961, The
Principles of Electrochemistry

Zaytsev, 1, Aseyev, (G, 1992,

Properties of Agueous
hr Solutions of Electrolytes

kr
. . | ' o
Diffusion Coefficient, DOH;,-, 2.05x10° };_
T
2
b vl

Diffusion Coefficient, DCO;;,, 2 Txto’

3.0 HYDROXIDE DEPLETION DATA

Measured data related to OH" ion depletion for both SRS and Hanford Site waste tanks is used ¢o
benchmark the hydroxide depletion models presented in Section 2.0, Data used for the
benchmark of the depletion models are presented in this section.

3.1 HOBBS CARBON DIOXIDE ABSORPTION DATA

A program was conducted in 1986 and 1987 at the SRS to determine the mechanism and rate of
OH’ ion depletion through CO; absorption, DPST-87-596. The program was conducted for

! Mathcad is a register trade mark of MathSoft, Inc, Camhbridge, Ma.
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'H-Area waste tanks. A model was developed from the data obtained which predicted the time
dependent inhibitor concentration in solution for the H-Area waste tanks. A schematic of a
H-Area waste tank is shown in Figure 3-1. The tank design differs from the Hanford Site DSTs.
There are several important featurea to note for the OH ion depletion study. The waste tank
diameter is 85 ft, 10 ft larger than the Hanford Site DSTs. Both the SRS H-Area tanks and the
Hanfa'd Site DSTs are purged or ventilated to prevent the build-up of flammable gases. This

air-stream provides continuous availability of CO; which is partially absorbed through chemical
reactions with the free OH ion in the supematant. -

Figore 3-1 Savnnuhlliverﬂite'[‘ypelllCooleﬂWuteStongeTuk.

The program to evaluate CO; absorption measured the primary tank ventilation air flow rates, the
inlet and outlet CO» concentrations in the ventilation air streams and the supernatant pH. The
four parameters were monitored over roughly a one-year period for the eight H-Area tanks
shown in Table 3-1. The CO; absorption fraction from the ventilation air stream was computed
based upon the measured CO concentrations using Equation 24,

A summary of the measured inlet CO, concentrations, primary ventilation flow rates, average
supernatant temperatures, computed absorption fractions and supernatant pH measurements are
shown Table 3-1. The free OH" ion concentration is computed from the pH, also shown in
Table 3-1. Table 3-1 data are reported in DPST-87-596, from the SRS study.

The supematant temperatures for each tank are shown in Figures 3-2 and 3-3. Vapor space
temperatures were not available. The average temperature difference between the vapor space
and supernatant for selected Hanford Sitc waste tanks is used for the SRS tanks. The average
temperature difference used for the SRS data is presented in Section 3.2.

10
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Average
Inlet | Ventilation | Supernatant CcO,
[CO;] | Flow Rate | Temperature | Absorption 5
Tank (ppm) (cfm) (°F) Fraction pH [OH]
38H 359 268 92 0.80 14 1.00
39H 360 264 100 0.79 14 1,00
41H 366 351 116 0.76 14.8 6.31
42H
(high OF) 364 430 91 0.58 13.1 0.13
o 355 430 91 0.10 10 | 0.0001
(low OH) ' i
43H 361 311 139 0.83 14.4 281
48H
(high OFT) 350 266 109 0.72 134 0.25
48H
(low OH) 361 231 109 0.40 12.8 0.06
49H 357 336 82 0.70 13.6 0.40
50IT 362 293 82 0.75 13.8 0.63

Figure 3-2 SRS Supernatant Temperatures for Tanks 38H, 39H, 41H and 42H.
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? OH" concentration derived from pH ( pH = 14 + Log[OH] ).

11
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Figure 3-3 SRS Supernatant Temperatures for Tanks 43H, 48H, 4911 and S0II.
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3.2 HANFORD SITE HYDROXIDE DEPLETION DATA

Supernatant OH" ion concentration and waste volume data have been evaluated for the twenty-
eight Hanford Site DSTs to identify suitable data for benchmarking the mechanistic hydroxide
depletion model. The evaluation identified ten waste tanks with useful data for the depletion
model benchmark. The tanks included in the benchmark using the supernatant OH ion
concentration data are identified below.

7
8.
9
1

1
2
3
4,
5
6

. 241-AN-104
. 241-AN-105
. 241-AP-101
241-AP-103
. 241-AW-103
. 241-AW-105
. 241-AY-101
241-AY-102
. 241-AZ-101
0.241-AZ-102

This list includes tanks from all the DST tank farms with the exception of the 241-SY Farm.

12
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The following parameters are needed for the mechanistic OH™ depletion model presented in
Section 2.3:
e Primary tank ventilation flow rate,
OH ion concentration,
Supernatant volume, and
Supernatant and vapor space temperature ditference.

Data for the OH ion concentrations, tank waste volumes, and waste temperatures have been
obtained from the Tank Waste Information Network System (TWINS). Settled solids waste
volumes, needed to determine supernatant volumes from the tank waste volumes, are obtained
from the sources listed in each tank-specific section. The primary tank ventilation flow rates
have been obtained from sources identified in each of the sections.

Table 3-2 summarizes the data needed for the mechanistic hydroxide depletion model
benchmark, The waste tanks included in the mechanistic depletion model benchmark represent
the Hanford Site DSTs in terms of population size, waste type and variation of the parameters
listed above and shown in Table 3-2.

Table 3-2 Hanford Site Data Summary.

Primary Assumed Average Supernatant | Vapor Space Derived
Tank 241- Ventilation | Initial OH Volume During Temperature | OH" Depletion
Flow Rate | Concentration Evaluation Period Difference Rate
(cfm) (M) (kgal) (°F) M/yr)
AN-104 132 3.9 607 = 0.009
AN-105 132 3.7 588 23 0.028
AP-101 111 24 1113 0.01 0.013
AP-103 111 0.53 282 0.01 0.020
AW-103 139 0.80 786 0.05 0.013
AW-103 139 0.27 158 -0.01 0.004
AY-101 340 1.9 86 9.0 0.41
AY-102a 425 0.51 435 4.0 0.12
AY-102b 425 0.95 488 3.1 0.11
AZ-101 149 0.81 864 2.0 0.016
AZ-102 (period 1) 102 0.02 857 2.0 0.004
AZ-102 (period 2) 102 0.15 891 2.0 0.014

The table includes the free OH ion molarity depletion rate. These values have been derived from
the measured supernatant OH" ion concentration data and are further discussed in Section 3.2.1
through 3.2.11. The differences between vapor space and supernatant temperatures are shown in
Table 3-2. The average temperature ditferences for the Hanford Site tanks shown in Table 3-2
were used for the SRS data evaluation. The average temperature difference is 2.2 °F.

3.2.1 Tank 241-AN-104

The OH ion depletion for Tank 241-AN-104 is evaluated for approximately fifteen years,
between April 1985 to July 2000. The tank waste volume and measured supernatant OH™ ion
concentrations are shown in Figure 3-4 (TWINS 2005). The measured OH" ion concentration

13
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data are summarized in Table 3-3. The tank volume during the evaluation period is nearly

constant at 1052 kgal. This tank contains 445 kgal of saltcake solid waste, HNF-EP-0182,
Rev 220, Waste Tank Summary Report for Month Ending July 31, 2006. The supernatant

volume during the evaluation period, by difference, is 607 kgal.

Figure 3-4 Tank 241-AN-104 Hydroxide Ion Concentration Data.
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The OH’ ion concentrations shown on Figure 3-4 represent the calculated supernatant
composition in April 1985, after the tank received slurry waste from two evaporator campaigns,
and mid-point values of the other two sample events. The initial value at the beginning of the
evaluation period is 4.05 M, RPP-26737, Tank 241-AN-104 Supernatant and Interstitial Liquid
Hydroxide Concentration. An average value of 3.9 M is used for the evaluation. A linear
regression of the OH ion concentration data provides an estimate of the OH ion depletion rate
for the evaluation period. The OH" ion depletion rate is approximately 0.009 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO, absorption, is 0.028 M/yr.

The vapor space and supernatant temperature trends are shown in Figure 3-5 (TWINS 2005).
The average temperature difference between the vapor space and supernatant is 8.3 °F. The
April 2005 temperature profile in Figure 3-6 shows the large temperature drop across the liquid-
air interface. This temperature difference is significantly larger than the 2.3 °F temperature
difference in Tank 241-AN-103, Figure 3-7. The ventilation flow rates for Tanks 241-AN-103
and 241-AN-104 are both estimated to be 132 cfm, (Section 4.3.11, Table 4-14). The estimated
annulus ventilation flow rates are also the same, RPP- 12422, Engineering Evaluation of
Double-Shell Tank Vapor Space Condensation and Annulus Relative Humidity. The tank heat
loads are similar. Tank 241-AN-103 has a heat load of 30,200 Btu/hr while Tank 241-AN-104’s
heat load is 34,100 Btu/hr, RPP-5926, Steady-State Flammable Gas Release Rate Calculation
and Lower Flammability Level Evaluation for Hanford Tank Waste. Since the heat generation
for the two tanks is similar and the heat removal through primary and annulus ventilation is the
same, the temperature differences should be very similar. The high temperature difference for

14
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Tank 241-AN-104 may be an indication of a non-convective waste layer (crust) ncar the surface
of the supernatant. The supernatant/vapor space temperature difference for Tank 241-AN-103
will be used for the cvaluation, since the actual temperature difference between the liquid at the
surface of the waste (top of the non-convective layer) and the vapor space is expected to be

closer to 2.3 °F.

The mass transfer through the crust is modeled with a crust thickness and porosity. Mass
transfer is assumed to occur by diffusion only. The crust thickness is approximately 20 in as
shown in Figure 3-6. An empirical value of 0.02 for the porosity was determined from the
evaluation of Tank 241-8Y-101, Section 4.3.5. This value provides reasonable agreement with
the CO, data for Tank 241-SY-101. This same value is then used for all tanks with a surface
crust. This empirical approach provides a reasonable prediction of the OH" ion depletion rate for
the limited number of tanks with surface crusts.

Table 3-3 Tank 241-AN-104 Measured Hydroxide Concentrations.

Sample Event OH
Begin Date Molarity Sampling Event Type Segment Phase Source Document
Slurry Set 84-5, Liquid Internal Letter,
Septembor 1984 | 4.6 Phase, Sample R-3303 wa Spotiet 65453-84-340
Shurry Set 84-5, Liquid Internal Letter
Oc:obuscpm‘tl’;!;ll s Pm, Sample R3305 va Sopersdten 65453-85-009
September/ Shurry Set 84-5, Liquid i Internal Letter,
October 1984 | +03 Phase, Sample R3307 e SOpecai. 65453-85-009
AR AR
Seplember/ Shurry Set 84-5, Liquid g Internal Letter,
October 1984 | 48 Phase, Sample R3415 WA SupEGo. 65453-85-009
; Slurry Set 85-3, Liquid Internal Letter
AR s Phase, Sample R4683 Wy s 65453-85-160
. Slurry Set 85-3, Liquid Internal Letter,
Aprll 1985 3.8 Phase, Sample R4687 e Bupictiaiiat 65453-85-160
August 1996 4.14 Core 164 Composite | Supernatant IINF-SI;;!\:M-DP-
August 1996 4.20 Core 164 Composite | Supernatant HNF-SI;?:M-DP-
3 “13’2'"‘;‘00“3““ 3.66 Core 282 1 Supernatant FH-0201779
J“";&‘o‘:}g““ 4.02 Core 282 I Supersdtivit FH-0201779
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Figure 3-5 Tank 241-AN-104 Temperature Data.
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Figure 3-7 Tank 241-AN-103 Temperature Data.
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3.2.2 Tank 241-AN-105

The OH  ion depletion for Tank 241-AN-105 is evaluated for approximately a seventeen-year
period between April 1985 and December 2001. The tank waste volume and measured
supernatant OH ion concentrations are shown in Figure 3-8 (TWINS 2005). The measured OH
ion concentration data are summarized in Table 3-4. The tank volume during the evaluation
period is nearly constant at 1126 kgal. This tank contains 538 kgal of saltcake solid waste,
HNF-EP-0182, Rev. 220. The supernatant volume, by difference, is 588 kgal during the
evaluation period.

The OH' ion concentrations shown in Figure 3-8 represent the mid-point for all the data obtained
for the three sample events listed in Table 3-4. The average value for the evaluation period is
3.7 M. A linear regression of the OH™ ion concentration data provides an estimate of the OH ion
depletion rate for the evaluation period. The OH ion depletion rate is approximately 0.028 M/yr.
The maximum rate based upon the ventilation flow rate, with 100% CO, absorption, is

0.028 M/yr.

17
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Figure 3-8 Tank 241-AN-105 Hydroxide Ton Concentration Data.
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Table 3-4 Tank 241-AN-105 Measured Hydroxide Concentrations.
sl E"'l;* "P:i“' | Values | Sumping | SRt | Location of Document
Supernatant Slurry Set 85-3, SD-WM-PE-023, Rev (),
(Sharry 4/3/85 - 4.480 Liquid Phase, NA Internal Letter 65453-85-160
Filtrate) 3.91 Sample R-4683 (pages 33-44)
Supernatant i Slurry Set 85-3, SD-WM-PE-023, Rev (),
(Shurry 4/10/85 - 3.380 Liguid Phase, NA Internal Letter 65453-85-160
Filtrate) Sample R-4687 (pages 33-44)
Core. 6/10/96 | 60500 : Core 152 1-14 | HNF-SD-WM-DP-199, Rev. |
Composite
344
A 6/1096 | 56600 . Core 152 1-14 | HNF-SD-WM-DP-199, Rev. |
Composile
Drainable | 1,101 | 56500 S 151 208 1 FH-0200808 Reissue |
Liquid

The vapor space and supernatant temperature trends are shown in Figures 3-9 (TWINS 2005).
The average temperature difference between the vapor space and supernatant shown in

Figure 3-9 exceeds 10 °F. The December 2005 temperature profile in Figure 3-10 shows the
large temperature drop across the liquid-air interface. This temperature difference is inconsistent
with the tank heat load in RPP-5926 of 25,100 Btu/hr; especially since the Tank 241-AN-103
heat load is 30,200 Btu/hr with a supernatant and vapor space temperature difference of 2.3 °F,
The large temperature difference is probably due to a non-convective (crust) layer near the
surface of the supernatant. Because Tank 241-AN-105 has a similar tank heat load and
ventilation flow rate as Tank 241-AN-103, the average vapor space/supernatant temperature
difference of 2.3 °F for Tank 241-AN-103 is used for Tank 241-AN-105.

18
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The mass transfer through the crust is modeled with a crust thickness and porosity. Mass
transfer is assumed to occur by diffusion only. The crust thickness is approximately 20 in.
(Section 3.1.2, Appendix B). An empirical value of 0.02 for the crust porosity was determined
from the evaluation of Tank 241-SY-101, Section 4.3.5. This value provides reasonable
agreement with the CO; data for Tank 241-SY-101. This same value is then used for all tanks
with a surface crust with the exception of Tank 241-SY-103 discussed in Section 4.3.7. This
empirical approach provides a reasonable prediction of the OH ion depletion rate for the limited
number of tanks with surface crusts.

Figure 3-9 Tank 241-AN-105 Temperature.
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Figure 3-10 Tank 241-AN-105 Temperature Profile for December 2005.
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The estimated primary tank ventilation flow rate for Tank 241-AN-105 is 132 cfm,
(Section 4.3.11, Table 4-14). This ventilation flow rate includes filtered inlet flow and
in-leakage.

3.2.3 Tank 241-AP-101

The OH ion depletion for Tank 241-AP-101 is evaluated for approximately a [our-year period
between February 2000 and April 2004. The tank waste volume and measured supernatant
OH ion concentrations are shown in Figure 3-11 (TWINS 2007). The measured OH ion
concentration data are summarized in Table 3-5. The tank volume during the evaluation period
is nearly constant at 1113 kgal. This tank contains no settled solids, HNF-EP-0182, Rev. 220.

The average OH' ion concentration for the evaluation period, February 2000, is 2.39 M. A linear
regression of the OH' ion concentration data provides an estimate of the OH’ ion depletion rate
for the evaluation period. The OH  ion depletion rate is approximately 0.022 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO; absorption, is 0.013 M/yr.
Because of uncertainty in the OH ion concentration data and the primary tank ventilation flow
rate, the computed maximum for the assumed ventilation flow rate will be used.

Figure 3-11 Tank 241-AP-101 Hydroxide Ion Concentration Data.

b — 410
405.0 S 4034
£ 10/ 400 3
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(& ] w
T 20 —= - 390 i"
(=]
+ Sample Data —
—8— \Wasle Level
— Linear (Sample Data)
1.0 . r 380
111111689 1102000 11/10v2001 11102002 11/10/2003 11/9/2004

Table 3-5 Tank 241-AP-101 Measured Hydroxide Concentrations,

241-AP-101 Hydroxide 2/8/2000 243 RPP-13639, Rev 0
241-AP-101 Hydroxide 4/1/2004 234 RPP-13639, Rev 2

20



Page 32 of 440 of DA0GOZ23333

RPP-26676 Rev 1

Vapor space and supernatant temperatures are shown in Figure 3-12 (TWINS 2007). The
average temperature difference between the vapor space and supernatant shown in Figure 3-12 is
small. A wvalue of 0.01 °F is used for the evaluation.

The estimated primary tank ventilation flow rate for Tank 241-AP-1011s 111 cfm,
RPP-29806, Evaluation of Tank 241-AP-105 Supernatant and Interstitial Liguid Hydroxide
Concentration.

Figure 3-12 Tank 241-AP-101 Temperature,
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3.2.4 Tank 241-AP-103

The OH  ion depletion for Tank 241-AP-103 is evaluated for a three-year period from

August 1999 to October 2002. The tank waste volume and measured supernatant OH ion
concentrations are shown in Figure 3-13 (TWINS 2005). The measured OH  ion concentration
data are summarized in Table 3-6. The tank volume during the evaluation period is nearly
constant at 282 kgal. This tank does not contain any solid waste, HNF-EP-0182, Rev. 220. The
supernatant volume during the evaluation period is 282 kgal.

The OH’ ion concentrations shown in Figure 3-13 represent the mid-points for the data shown in
Table 3-6. The average value for the evaluation period is 0.53 M. A linear regression of the
OH ion concentration data provides an estimate of the OH ion depletion rate for the evaluation
period. The OH  ion depletion rate is approximately 0.02 M/yr. The maximum rate based on the
ventilation flow rate, with 100% CO, absorption, is 0.031 M/yr.

Vapor space and supernatant temperatures are shown in Figure 3-14 (TWINS 2005). The
average temperature difference between the vapor space and supernatant shown in Figure 3-10 is
small. The temperature difference is very small during the period and difficult to quantify. A
small value of 0.01°F is used for the evaluation. This temperature difference is consistent with
the tank heat load of 13,600 Btu/hr, RPP-5926.
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The estimated primary tank ventilation flow rate for Tank 241-AP-103 is 111 c¢fm, RPP-29806.

Figure 3-13 Tank 241-AP-103 Hydroxide Ion Concentration Data.
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Table 3-6 Tank 241-AP-103 Measured Hydroxide Concentrations.

Sg;il: ]E:r:t M:;;lr-l iy Sampling Event Type Segment Phase D:::::n ¢
August 1999 0.52 Grab Sample n/a Supernatant | HNF-1683 Rev. 0
August 1999 0.55 Grab Sample n/a Supernatant | HNF-1683 Rev. 0
August 1999 0.56 Grab Sample n/a Supernatant | HNF-1683 Rev. 0
August 1999 0.56 Grab Sample na Supernatant | HNF-1683 Rev. 0
August 1999 0.58 Grab Sample n'a Supernatant | HNF-1683 Rev. 0
August 1999 0.59 Grab Sample n/a Supernalant | HNF-1683 Rev. ()
October 2002 0.47 Grab Sample n/a Supernatant FH-0205804
October 2002 0.51 Grab Sample n/a Supernatant FH-0205804
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Figure 3-14 Tank 241-AP-103 Temperature.
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3.2.5 Tank 241-AW-103

The OH ion depletion for Tank 241-AW-103 is evaluated for approximately a four and one half
year period between April 2001 and October 2005, The tank waste volume and measured
supernatant OH ion concentrations are shown in Figure 3-15 (TWINS 2007). The measured
OH ion concentration data are summarized in Table 3-7. The tank volume during the evaluation
period is nearly constant at approximately 1100 kgal. This tank contains 273 kgal of sludge and
40 kgal of saltcake, HNF-EP-0182, Rey. 220. The supernatant volume by difference is
approximately 786 kgal.

The average OH 1on concentration for the evaluation period is (0.8 M. A linear regression of the
OH' ion concentration data provides an estimate of the OH ion depletion rate for the evaluation
period. The OH ion depletion rate is approximately 0.013 M/yr. The maximum rate based upon
the ventilation flow rate, with 100% CO, absorption, is 0.022 M/yr.

Figure 3-15 Tank 241-AW-103 Hydroxide Ion Concentration Data.
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D (pg/mL) _ L :
3/27/2001° 0.826 RPP-13639, Rey |
10/14/2005 13000 0.764 320 1 06-ATL-012

Figure 3-16 Tank 241-AW-103 Temperature.

% 4

90 Supernatant
* Vapor Space

o5 o = Ry Spae

Temperature (F)
o

3/10/2005 6/17/2005 9/15/2005 12142005 3/14/2008 B8/12/2008 9/10/2008

Vapor space and supernatant temperatures are shown in Figure 3-16 (TWINS 2007). The
average temperature difference between the vapor space and supernatant shown in Figure 3-16 is
small. An average value of 0.05 °F is used for the evaluation.

The estimated primary tank ventilation flow rate for Tank 241-AW-103 is 139 cfm, (see
Table 4-7).

3.2.6 Tank 241-AW-105

The OH ion depletion for Tank 241-AW-105 is evaluated for approximately a four and one half
year period between March 2003 and March 2006. The tank waste volume and measured
supernatant OH" ion concentrations are shown in Figure 3-17 (TWINS 2007). The measured OH
ion concentration data are summarized in Table 3-8. The tank volume during the evaluation
period is nearly constant at approximately 420 kgal. This tank contains 263 kgal of sludge,
HNF-EP-0182, Rev. 220, The supernatant volume by difference is approximately 158 kgal.

3 Inventory date, which is the sample date of the waste source contributing the majority of the OH™ ion in the
supernatant.
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The average OH' ion concentration for the evaluation period is 0.27 M. A linear regression of
the OH" ion concentration data provides an estimate of the OH ion depletion rate for the
cvaluation period. The OH ion depletion rate is approximately 0.004 M/yr. The maximum rate

RPP-26676 Rev 1

based upon the ventilation flow rate, with 100% CO» absorption, is 0.058 M/yr.

Figure 3-17 Tank 241-AW-105 Hydroxide Ion Concentration Data.
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Table 3-8 Tank 241-AW-105 Measured Hydroxide Concentrations.

Exent Begin! | Aggregation “Vl?_ﬂne#téﬂ ...."_.'._..'._H"; .‘” Sampling | Segment | Loetion of
3/7/2003 Grab Sample 4860 SAW-03-01A NA FI1-0301675
3/7/2003 Grab Sample 4830 0.274 S5AW-03-01A NA FH-0301675
3/7/2003 Grab Sample 4390 SAW-03-01B NA FII-0301675
3/7/2003 Grab Sample 4590 SAW-03-01B NA FH-0301675
4/16/2004 Grab Sample 4270 SAW-04-01 NA 78120-SGM-04-015
4/16/2004 Grab Sample 4310 5AW-04-01 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4850 SAW-04-01 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4890 SAW-04-01 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4430 S5AW-04-01 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4540 SAW-04-01 NA 7S120-SGM-04-015
4/16/2004 Grab Sample 4820 SAW-04-02 NA 7S5120-SGM-04-015
4/16/2004 Grab Sample 4720 SAW-04-02 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4430 0273 SAW-04-02 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4510 3 S5AW-04-02 NA 75120-8GM-04-015
4/16/2004 Grab Sample 4260 SAW-04-02 NA 78120-SGM-04-015
4/16/2004 Grab Sample 4390 SAW-04-02 NA TS120-SGM-04-015
4/16/2004 Grab Sample 4530 SAW-04-03 NA 75120-8GM-04-015
4/16/2004 Grab Sample 4530 SAW-04-03 NA 75120-SGM-04-015
4/16/2004 Grab Sample 5090 S5AW-04-03 NA 75120-SGM-04-015
4/16/2004 Grab Sample 5630 SAW-04-03 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4690 SAW-04-03 NA 75120-SGM-04-015
4/16/2004 Grab Sample 4770 SAW-04-03 NA 75120-SGM-04-015
3212006 | Dramedte 4440 322 i REERTL B8

Dr:g:;jgle 0262 RPP 11:;‘;:029745
3/21/2006 Liguid 4470 322 1 Rev.0
Figure 3-18 Tank 241-AW-105 Temperature.
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Vapor space and supernatant temperatures are shown in Figure 3-18 (TWINS 2007). The
average temperature difference between the vapor space and superatant shown in Figure 3-18 is
small. The vapor space temperature exceeds the supematant temperature for much of the data.
The temperature differences are very small and difficult to quantify. A value of <0.01 °F is used
for the evaluation,

The estimated primary tank ventilation flow rate for Tank 241-AW-105 is 139 cfim, (Table 4-7).
3.2.7 Tank 241-AY-101

Figure 3-19 and Table 3-9 shows the Tank 241-AY-101 supemnatant OH" ion concentrations for a
five ywpenodﬁmnFebmaryZOGl to April 2006 (TWINS 2007). The first two points are
averaged data; the third point is the OH ion concentration from the April 2006 sample event

12 in. above the sludge, RPP-PLAN-28778, 2006, Corrosion Mitigation and Campatibility 2006 -
Grab Sampling and Analysis Plan. The waste volume during the evaluation period

(TWINS 2007), which varics from evaporation and periodic water additions, avera
appmxzmmly 182 kgal. This tank contains 96 kgal of sludge, -EP-0182,'R|'§!". 220. The
average supernatant volume by difference is approximately 86 kgal.

The average OH ion concentration for the evaluation penod. is 1.9 M. A linear regression of the
OH’ ion concentration data prowdas an estimate of the OH ion depletion rate for the evaluation
period. The OH ion depletion rate is approximately 0.41 M/yr. The maximum rate based upon
the ventilation flow rate, with 100% CO; absorption, is 0.5 M/yr.

Figure 3-19 Tank 241-AY-101 Hydroxide Ion Concentrution Data.
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Table 3-9 Tank 241-AY-101 Measured Hydroxide Concentrations.

2/22/2001 1IAY-01-01A NA FH-0103352
2/22/2001 1AY-01-01A NA FH-0103352
2/22/2001 1AY-01-02A NA FH-0103352
2/22/2001 52600 3.09 1AY-01-02A NA FH-0103352
2/22/2001 52000 3.06 1AY-01-04 NA FH-0103352
2/22/2001 54200 3.19 1AY-01-04 NA FH-0103352
2/22/2001 57300 337 1AY-01-05 NA FH-0103352
2/22/2001 53500 3.15 1AY-01-05 NA FH-0103352
4/10/2002 33800 1.99 Core 302 1 FH-0202531
4/10/2002 34700 2.04 Core 302 1 FH-0202531
4/17/2006 13300 0.78 1AY-06-03 NA RPP-RPT-29973

Figure 3-20 Tank 241-AY-101 Vapor Space Temperature.
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The Tank 241-AY-101 vapor space temperatures are shown in Figure 3-20 (TWINS 2007).
Measured supernatant temperatures are not available. The average vapor space/supernatant
temperature difference was obtained from thermal analyses of Tank 241-AY-101,

RPP-12387, Caustic Dynamic Mixing Analyses for Tanks 241-AY-101, 241-AY-102, 241-AZ-102,
241-AN-102 and 241-AN-107. The average temperature difference used for the evaluation

is 9 °F.
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The measured primary tank ventilation flow rate for Tank 241-AY-101 in 2000 and 2001 is
shown in Figure 3-21, The flow rates range from gbout 275 cfin to 350 cfm. A flow rate of
340 cfm is assumed for the evaluation.

Figure 3-21 Tank 241-AY-101 Ventilation Flew Rate.
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3.2.8 Tank 241-AY-102 Before Tank 241-C-106 Waste Transfer

The OH ion depletion for Tank 241-AY-102 is evaluated for a four-month period between

July 1998 and November 1998. A caustic addition was made in early July 1998 in preparation
for startup of Tank 241-C-106 retrieval. The tank waste volume and measured supernatant

OH~ ion concentrations are shown in Figure 3-22 (TWINS 2007). The measured OH ion
concentration data are summarized in Table 3-10. The tank volume after the caustic addition
was initially at approximately 850 kgal but was reduced to approximately 457 kgal early in the
period to make room for the Tank 241-C-106 waste. This tank contained about 8 in of waste
(22 kgal) at this time, HNF-EP-0182, Rev 124, Waste Tank Summiary Report for Month  Ending
July 31, 1998. The supernatant volume by difference is approximately 435 kgal. -
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Figure 3-22 Tank 241-AY-102 Hydroxide Ion Concentration Data.
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The average OH’ ion concentration for the evaluation period, July 1998 is 0.51 M. A linear
regression of the OH™ ion concentration data provides an estimate of the OH ion depletion rate
for the evaluation period. The OH  ion depletion rate is over 0.3 M/yr. The maximum rate based
upon the ventilation flow rate, with 100% CO; absorption, is 0.12 M/yr. The depletion rate
based on the data is more uncertain because of the short evaluation period. The maximum

OH' ion depletion rate for the assumed ventilation flow rate will be used for the evaluation.
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Table 3-10 Tank 241-AY-102 Measured Hydroxide Concentrations,

Sample

Mensured Sa
Tank Name AggLr:vg:]ﬂpn g:;: V_alue Molarity V‘:r::% Document Location nﬁ.l::nli:lg
Date | Pe/mL) e
241-AY-102 | Grab Sample | 1/14/98 1260 0.074 HNF-SD-WM-DP-299, Rev, 0 | 2AY-97-2
241-AY-102 | Grab Sample 1/14/98 1250 0.074 HNF-5D-WM-DP-299, Rev. 0 | 2AY-97-2
241-AY-102 | Grab Sample | 1/15/98 1270 0.075 HNE-SD-WM-DP-299, Rev, 0 | 2AY-97-3
241-AY-102 | Grab Sample | 1/15/98 1260 0.074 0.074 HNF-SD-WM-DP-299, Rev. 00 | 2AY-97-4
241-AY-102 | Grab Sample | 1/15/98 1250 0.074 [INF-SD-WM-DP-299, Rev. 0 | 2AY-97-1
241-AY-102 | Grab Sample | 1/15/98 1270 0.075 HNF-SD-WM-DP-299, Rev. 0 | 2AY-97-3
241-AY-102 | Grab Sample 1/15/98 1260 0.074 HNF-SD-WM-DP-299, Rev. 0 | 2AY-97-4
241-AY-102 | Grab Sample | 1/15/98 1260 0.074 HNF-SD-WM-DP-299, Rev. 0 | 2AY-97-1
241-AY-102 | Grab Sample 7/7/98 9800 0.576 HNF-1682 Rev. 0 2AY-98-4
241-AY-102 | Grab Sample T/7/98 9440 0.555 HNF-1682 Rev. 0 2ZAY98-2
241-AY-102 | Grab Sample 7/7/98 9800 0.576 HNF-1682 Rev. 0 2AY-98-1
241-AY-102 | Grab Sample 7/7/98 9800 0.576 0.576 HNF-1682 Rev. 0 2AY-98-3
241-AY-102 | Grab Sample | 7/7/98 9960 0.586 HNF-1682 Rev. 0 2AY-98-4
241-AY-102 | Grab Sample | 7/7/98 9800 0.576 IINF-1682 Rev. 0 2AY-98-2
241-AY-102 | Grab Sample 7/7/98 9930 0.584 HNF-1682 Rev. 0 2AY-98-1
241-AY-102 | Grab Sample 7/7/98 9800 0.576 HNF-1682 Rev. 0 2AY-98-3
241-AY-102 | Grab Sample | 11/22/98 6540 0.385 HNF-1682 Rev. 2AY-98-6
241-AY-102 | Grab Sample | 11/22/98 7360 0.433 HNF-1682 Rev. 0 2AY-98-5
241-AY-102 | Grab Sample | 11/22/98 6310 0.371 HNF-1682 Rev. 0 2AY-98-6
241-AY-102 | Grab Sample | 11/22/98 7430 0.437 0.413 HNF-1682 Rev. 0 2AY-98-5
241-AY-102 | Grab Sample | 12/20/98 6940 0.408 IINF-1682 Rev. 0 2AY-98-8
241-AY-102 | Grab Sample | 12/20/98 7270 0.428 HNF-1682 Rev. 0 2AY-98-7
241-AY-102 | Grab Sample | 12/20/98 6840 0.402 HNF-1682 Rev. 0 2AY-98-8
241-AY-102 | Grab Sample | 12/20/98 7500 0.441 HNF-1682 Rev. 0 2AY-98-7

The Tank 241-AY-102 vapor space and supernatant temperatures are shown in Figure 3-23
(TWINS 2007). The average temperature difference is approximately 4 °F.

The measured primary tank ventilation flow rates for Tank 241-AY-102 in 2000 and 2001 are
shown in Figure 3-24. The flow rates range from about 300 cfm to 500 cfm. The actual flow

rate during the evaluation period is not known. A flow rate of 425 cfm is used for the evaluation.
This appears to be consistent with the high OH ion depletion rate.
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Figure 3-23 Tank 241-AY-102 Supernatant and Vapor Space Temperature.
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Figure 3-24 Tank 241-AY-102 Ventilation Flow Rate.
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3.2.9 Tank 241-AY-102

The OH ion depletion for Tank 241-AY-102 is evaluated for a twenty-month period from
March 2001 to November 2002. The tank waste volume and measured supernatant OH'ion
concentrations are shown in Figure 3-25 (TWINS 2005). The measured OH ion concentration
data are summarized in Table 3-11. The average tank volume during the evaluation period is
approximately 639 kgal. This tank contains 151 kgal of sludge solid waste, HNF-EP-0182,
Rev. 220. Therefore, the average supernatant volume during the evaluation period is 488 kgal.
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The OH ion concentrations shown in Figure 3-25 represent the mid-points for the data presented
in Table 3-11. The average value for the evaluation period is approximately 0.95 M. A linear
regression of the OH™ ion concentration data provides an estimate of the OH' ion depletion rate
for the evaluation period. The OH' ion depletion rate is approximately 0.13 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO; absorption, is 0.11 M/yr.
The data exceeds the maximum rate. Because of the uncertainty in the OH™ ion concentration
data and the primary tank ventilation flow rate, the maximum value for the assumed ventilation
flow rate will be used for the benchmark analyses.

Tank 241-AY-102 vapor space and supernatant temperatures are shown in Figure 3-26
(TWINS 2005). The average temperature difference between the vapor space and supernatant
shown in Figure 3-26 is only 3.1 °F. The estimated heat load for this tank is 129,000 BTU/hr,
RPP-12387. The heat load reported in RPP-5926, 127,400 BTU/hr, supports the RPP-12387

estimate.

The estimated primary tank ventilation flow rate for Tank 241-AY-102 is 425 cfm, based on
flow rate measurements between November 1999 and July 2001, Figure 3-24.

Figure 3-25 Tank 241-AY-102 Hydroxide Ion Concentration Data.
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Table 3-11 Tank 241-AY-102 Measured Hydroxide Concentrations.

Sample Event OH ;
Begin Date Molarity Sampling Event Type | Segment Phase Source Document
3 Post Caustic Addition i
March 2001 11 Grab Sample, 2AY-01-05 nfa Supermatant FI1-0103293, Reissue 2
Post Caustic Addition ; b
March 2001 1.1A Girab Sample, ZAY-01-05 nin Supernatant [ FH-N103293, Reissue 2
Post Caustic Addition .
March 2001 1,14 Grab Sample, ZAY-01-06 na Supernatant | FH-0103293, Reissue 2
Post Caustic Addition ; .
March 2001 108 Grah Sample, 24Y-01-06 n/a Supematant FH-0103293, Reissue 2
Post Caustic Addition ; . .
March 2001 1.1 Grab Sample, 2AY-01-07 n/e Supernatant | FH-D103293, Reissue 2
Post Caustic Addition .
|Ir 1 -
March 2001 L1 Grab Sample, 2AY-01-07 n/a Supernatant |  FH-0103293, Reissue 2
Post Caustic Addition
March 2001 1.19 Grab Sample Composite /a Supemnatant | TH-0103293, Reissue 2
{2AY-01-05, 06, 07)
Pust Caustic Addition
March 2001 1.18 Grab Sample Composite n/a Supermaiant FH-0103293, Reissue 2
(2AY-01-05, 06, 07)
March 2001 1.03 FastKanstic Jddrion 1 Supernatant |  FH-D103293, Reissuc 2
Corc 290
Post Caustic Addition : ;
March 2001 1.11 Core 290 1 Supemnatant | FH-0103293, Reissue 2
March 2001 1.05 Pase.Lanatic Aodifian S | Supernatant | FH-0103203, Ruissuc 2
Core 290
March 2001 1.07 Eos Cg‘;ig‘;f}[fdm"“ 5 Supernatant |  FH-0103293, Reissne 2
March 2001 0.92 Pagk Cavatiedideligon 9 Supernatant | FII-0103293, Reissue 2
Core 290
March 2001 0.98 Bl 9 | Supernatant | FH-0103293, Reissuc 2
Past Caustic Addition :
March 2001 1.09 Core 290 Composite 1,59 Supernatant FH-0103293, Reissue 2
Post Caustic Addition ;
March 2001 1.03 Cote 290 Composite 1,59 Supernatant | FH-0103293, Reissue 2
April 2002 0.84 Care 300 1 Supernatant | FH-0202868, Reissuc |
April 2002 0.86 Core 300 1 Supernatant | FH-0202868, Reissue 1
November 2002 0.74 Grab Sample na Supernatant FH-0205402
November 2002 0.75 Grab Sample na Supernatant FH-0205402
November 2002 0.69 Grab Samplc n/a Supernatant FH-0205402
November 2002 0.88 Grab Sample na Supernatant FH-0205402
November 2002 0.69 Grab Sample n/a Supernatant FH-0205402
November 2002 0.71 Grab Samplc na Supernatant FH-0205402
November 2002 0.71 Grah Samplc n/a Supematanl F11-0205402
November 2002 (.76 Grab Sample wa Supernatant FH-0205402

T G PP VO B Y P R PP P U T S S N
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Figure 3-26 Tank 241-AY-102 Temperature.
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3.2.10 Tank 241-AZ-101

The OH ion depletion for Tank 241-AZ-101 is evaluated for a period of nearly thirteen years,
October 1987 to May 2000. The tank waste volume and measured supernatant OH" ion
concentrations are shown in Figure 3-27 (TWINS 2005). The measured OH ion concentration
data are contained in Table 3-12. The average tank volume during the evaluation period is

916 kgal. This tank contains 52 kgal of sludge solid waste, FINF-EP-0182, Rev 220. Thus, the
average supernatant volume during the evaluation period is 864 kgal.

The OH' ion concentrations shown in Figure 3-27 represent the mid-point for the sample data
from Table 3-12. The average value for the evaluation period is 0.81 M. The May 2000 data
was adjusted to account for the decrease in supernatant volume through evaporation. The
adjusted value is shown in Figure 3-27. A linear regression of the OH  ion concentration data
provides an estimate of the OH ion depletion rate for the evaluation period. The OH ion
depletion rate is approximately 0.016 M/yr. The maximum rate based upon the ventilation flow
rate, with 100% CO; absorption, is 0.022 M/yr.

Tank 241-AZ-101 supernatant temperatures (R54, TC3) are shown in Figure 3-28

(TWINS 2007). Also shown is an embedded thermocouple in the dome region. The vapor
space-supernatant temperature difference can not be quantified from these data. The average
value for all the other Hanford Site tanks which are evaluated in Section 3.0 is used (2.0 °F).

The estimated primary tank ventilation flow rate for Tank 241-AZ-101 is 149 cfim, based on
measured flow rates between November 1999 and July 2001.
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Figure 3-27 Tank 241-AZ-101 Hydroxide Ton Concentration Data,
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Table 3-12 Tank 241-AZ-101 Measured Hydroxide Concentrations.
Sample
OH Source
Event Begin Sampling Event Type S Pha
ve]n)a P Molarity pling yp FRment = Document
October 1987 0.90 Grab Sample n/a Supernatant 12221-PCLE8-091
March 1995 0.653 Grab Sample n/a Supernatant 75970-95-037
March 1995 0.659 Grab Sample n/a Supematant 75970-95-037
March 1995 0.659 Grab Sample n/a Supernatant 75970-95-037
March 1995 0.665 Grab Sample n/a Supernatant 75970-95-037
March 1995 0.665 Grah Sample n/a Supernatant 75970-95-037
March 1995 0.735 Grab Sample n/a Supernatant 75970-95-0537
May 2000 0.829 Grab Sample’ n/a Supematant FH-0201779
May 2000 0.835 Grab Sample n/a Supernatant FH-0201779

36

! Grab sample taken during mixer pump test. Measurement includes interstitial fluid which is less than 6% of the
supematant volume.
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Figure 3-28 Tank 241-AZ-101 Temperature.
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3.2.11 Tank 241-AZ-102

The OH  ion depletion for Tank 241-AZ-102 spans two periods shown in Figure 3-29. The first
is a period of approximately seven years, February 1995 to October 2001. The second, after the
May 2002 caustic addition to Tank 241-AZ-102, is a period of approximately three years,

July 2002 to June 2005. The tank waste volume and measured supernatant OH ion
concentrations are shown in Figure 3-29 (TWINS 2005). The measured OH ion concentration
data are contained in Tables 3-13 and 3-14. The average tank volume during the first evaluation
period is 962 kgal. This tank contains 105 kgal of sludge solid waste, HNF-EP-0182, Rev 163,
Waste Tank Summary Report for Month Ending October 31, 2001. Therefore, the average
supernatant volume during the first evaluation period is 857 kgal. The average tank volume
during the second evaluation period is 996 kgal. The average supematant volume during the
second evaluation period is 891 kgal.
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Figure 3-29 Tank 241-AZ-102 Hydroxide Ion Concentration Data.
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The OH ion concentrations shown in Figure 3-29 represent the mid-point for the sample data
from Tables 3-13 and 3-14. The average value for the first evaluation period is 0.016 M. A
lincar regression of the OH™ ion concentration data provides an estimate of the OH  ion depletion
rate for the first evaluation period. The OH™ ion depletion rate is approximately 0.004 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO, absorption, is 0.015 M/yr.

The average OH’ ion concentration for the second evaluation period is 0.15 M. A linear
regression of the OH  ion concentration data provides an estimate of the OH ion depletion rate
for the second evaluation period. The OH ion depletion rate is approximately 0.019 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO; absorption, is 0.014 M/yr.
The measured OH  ion depletion rate is slightly greater than the maximum value. Because of
uncertainty in the OH ion concentration data and the primary ventilation flow data, the
maximum value based on 100% CO; absorption from the ventilation air will be used for the
evaluation.
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Table 3-13 Tank 241-A7-102 Measured Hydroxide Concentrations.

Sample Event oH Sampl
Be é’m Date Molarlt ys Even? Tn;;e Segment Phase Source Document
February 1995 0117 Grab Sample na Supernatant 75::&'32;10]39’
February 1995 0.109 Grab Sample nfx Supemnatant 753:3;32; 0'139*
Ky 1995 | i | CebSwmele | e | Supermasmt | 7DI00SED
February 1995 — Gruh Sample wa Supematant | plo03%-
Junc 1999 0.026 Core 261 1 Supcrnatant | HNF-1697, Rev. 0A
June 1999 0.027 Core 261 2 Supemnatant | HNF-1697, Rev. DA
June 1999 0.028 Core 261 3 Supermatant | FINF-1697, Rev. 0A
June 1999 0.029 Core 261 4 Supermnatant | ITNF-1697, Rev. DA
June 1999 0027 Core 261 5 Supernatant | HNF-1697, Rev. DA
June 1999 0,026 Care 261 & Supernatant | HNF-1697, Rev. 0A
June 1999 0.030 Core 261 7 Supermnatant | HNF-1697, Rev. 0A
June 1999 0026 Core 261 H] Snpematant | HNF-1697, Rev. 0A
June 1999 0.026 Core 261 9 Supematant | HNF-1697, Rev. 0A
June 1999 0.023 Core 261 10 Supematant | HNF-1697, Rev. 0A
Junc 1999 0.025 Core 261 L1 Supernatant | LINF-1697, Rev. 0A
June 1999 0.029 Core 261 12 Supenatant | HNF-1697, Rev. 0A
June 1999 0.024 Core 261 13 Supernatunt HNF-1697, Rev. 0A
Junc 1999 0.021 Core 261 14 Supernatant HNFE-1697, Rev. DA
June 1999 0.027 Corc 261 15 Supernatant | HNF-1697, Rev. 0A
June 1999 0.025 Core 261 16 Supernatant | HNF-1697, Rev. 0A
July 1999 0.021 Core 262 1 Supernacant | HNF-1697, Rev. DA
July 1999 0.026 Core 262 2 Supematant | HNF-1697, Rev. DA
July 1999 0.018 Core 262 3 Supernatant HNF-1697, Rev. QA
July 1999 0.021 Corc 262 4 Supemnatant | HNF-1697, Rev. 0A
July 1999 0.006 Core 262 3 Supernatant | HNF-1697, Rev. 0A
July 1999 0.010 Core 262 G Supematant | 1INF-1697, Rev, 0A
July 1999 0.004 Core 262 7 Supematant | HNF-1697, Rev. 0A
July 1999 0.013 Core 262 g Supematant | HNF-1697, Rev. 0A
July 1999 0.026 Core 262 4 Supernatant | HNF-1697, Rev. UA
July 1999 n.0l1 Core 262 10 Supernatant | HNF-1697, Rev. DA
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* July 1999 OH" ion concentrations calculated based on pH mcasurements.
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Table 3-14 Tank 241-AZ-102 Measured Hyvdroxide Concentrations, continued.

Sample Event OH Sampling Event
Begin Date Molarity* Type Segment Phase Source Document
July 1999 0,008 Core 262 11 Supernatant | HNF-1697, Rev. 0A
July 1999 0.029 Core 262 12 Supernatant HNF-1697, Rev, DA
July 1959 0.024 Core 262 13 Supematant HNF-10697, Rev. DA
July 1999 0.035 Core 262 14 Supematant HNF-1697, Rev. DA
July 1999 0.037 Core 262 14 Supematant HNF-1697, Rev. DA
July 1999 0.039 Care 262 15 Supematant HNF-1697, Rev. 0A
July 1999 0.040 Core 262 15 Supcmatant HNF-1697, Rev. 0A
July 1999 0.001 Care 262 16 Supemaiant HNF-1697, Rev. 0A
July 1999 0.001 Core 262 16 Supemalunt HNF-1697, Rev. 0A
July 1999 0.024 Core 262 17 Supematant HNF-1697, Rev. 0A
July 1999 0.025 Core 262 17 Supematant HNF-1697, Rev. DA
July 1999 0.026 Core 262 17R Supematant HNF-1697, Rev. 0A
July 1999 0.026 Core 262 17R Supernatant HNF-1697, Rev. 0A
September 1999 0.023 Core 268 16 Supernatant TTNF-1697, Rev. 0A
September 1999 0.023 Corc 268 16 Supernatant HNF-1697, Rev, 0A
September 1999 (L.025 Core 268 17R Supernatant HNF-1697, Rev. 0A
September 1999 0,025 Core 268 17R Supematant | HNF-1697, Rev. 0A
Grab Sample, FH-0106497,
October 2001 0.010 IAZ-01-02 na Supernatant o
Grab Samplc, FH-D106497,
October 200! 0.013 3AZ01-02 n/a Supematant Betunc
Grab Sample,
October 2001 0.007 Ko caninc va Supematant FH-0107012
Anzlytical Result
FH-0204059,
July 2002 0.186 Core 303 1 Supernatant Reissue 2
FH-0204059,
July 2002 0.169 Core 303 1 Supernatant Reissue 2
FH-0204059,
July 2002 0.165 Core 303 9 Supernatant Reissue 2
: 75120-RWS-03-003,
August 2003 0,142 Corc 310 IRI Supernatant Rei 3
J 75120-RWS-03-002,
August 2003 0.id4 Core 310 IRL Supumatant Reissue 3
. 05-ATL-064,
June 2005 0113 Corc 316 1 Supematant Rei )
8 05-ATL-064
2 '
June 2005 0.123 Core 316 1 Supematant Rei 1

Tank 241-AZ-102 supernatant temperatures (R42, TC3) are shown in Figure 3-30

(TWINS 2007). Also shown is an embedded thermocouple in the dome region. The vapor
space-supernatant temperature difference can not be quantified from these data. The average
value for all the other Hanford tanks which are evaluated in Section 3.0 is used (2.0 °F).

¢ July 1999, September 1999 and October 2001 OH" ion concentrations based on pH measurements.
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The estimated primary tank ventilation flow rate for Tank 241-AZ-102 is 102 cfm, based on the
measured flow rates between November 1999 and July 2001.

Figure 3-30 Tank 241-AZ-102 Temperature.
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3.3 HANFORD SITE VAPOR SPACE CARBON DIOXIDE DATA

Vapor space sample data were obtained from selected Hanford Site waste tanks in support of the
Flammable Gas Program. These data included the CO, concentrations. The CO» data are
available in TWINS for the following double-shell tanks:

e 241-AN Farm
Tank 241-AN-101
Tank 241-AN-103
Tank 241-AN-104
Tank 241-AN-105
Tank 241-AN-107
241-AN Farm Ventilation

o 241-AP Farm
Tank 241-AP-101
Tank 241-AP-102
Tank 241-AP-104
Tank 241-AP-106
241-AP Farm Ventilation
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e 241-AW Farm
Tank 241-AW-101
24 1-AW Farm Ventilation

e 241-SY Farm
Tank 241-8Y-101
Tank 241-SY-102
Tank 241-SY-103
241-8Y Farm Ventilation

* Aging Waste Tanks
Tank 241-AY-102
Tank 241-AZ-101
Tank 241-AZ-102
AWF Ventilation

Data arc available for these DSTs and tank farm ventilation systems from April 1993 through
July 2001. Measurements were made in the head space of individual tanks using the Standard
Hydrogen Monitoring System (SHMS) and in the outlet ventilation air stream for each of the
DST farms. These data are useful for benchmarking the mechanistic hydroxide depletion model.

An example of the vapor space CO; data is shown in Figure 3-31. The figure shows the data for
Tank 241-AY-102. There is typically considerable scatter in the CO; data. The values are
averaged over representative periods to provide data points useful for benchmarking the
mechanistic hydroxide depletion model.

Figure 3-31 Tank 241-AY-102 Measured Vapor Space CO, Concentrations.
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40 BENCHMARK OF THE MECHANISTIC DEPLETION MODEL

The mechanistic hydroxide depletion model and the Hobbs depletion model presented in Section
2.0 have been benchmarked using the SRS and Hanford Site data presented in Section 3.0. The
models have been used to predict the rate of OH ion depletion through the absorption of COs,.
The predicted CO; absorption fraction is compared to the measured CO, absorption fraction for
the SRS data. The predicted OH ion molarity depletion rate is compared with the molarity
depletion rate derived from OH ion concentrations for the Hanford Site data. Results of the
benchmark analyses comparison are presented in the following sections,

4.1 SAVANNAH RIVER SITE DATA

The SRS data related to the OH ion depletion from H-Area waste tanks is used to benchmark the
mechanistic and Hobbs depletion models. Data for the H-Area waste tanks is included in
Table 3-1.

4.1.1 Hobbs Depletion Model Benchmark Using the SRS Data

The Hobbs depletion model presented in Section 2.2 is an empirically based model. The CO;
absorption fraction is determined from the SRS data presented in Table 3-1. The CO, absorption
fraction is only a function of the supernatant OH’ ion concentration, as shown in Equation 2-5.

Figure 4-1 Hobbs Model Prediction of Carbon Dioxide Absorption Fraction for SRS Data.
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The Hobbs depletion model is used to predict the OH  ion depletion for the SRS H-Area tanks.
The predicted CO; absorption fraction, Equation 2-5, is compared to the measured CO,
absorption fraction in Figure 4-1. The measured CO, absorption fractions range from about
10% to 83%, Table 3-1. If the Hobbs model were able to predict the CO, absorption fraction
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perfectly, all the points would lic on the best fit line. There is generally good agreement with the
data, as shown on Figure 4-1, since the Hobbs model is an empirical model derived from the
SRS data set.

4.1.2 Mechanistic Depletion Model Benchmark Using the SRS Data

The mechanistic depletion model presented in Section 2.3 uses the Colburn analogy to
determine, on a mechanistic basis, the CO, mass transfer rate at the supernatant surface. The
CO; mass transfer rate, related to the CO, absorption fraction in the Hobbs model, is a function
of the primary tank ventilation flow rate, the temperature difference between the vapor space and
supernatant, and the supernatant OH ion concentration when OH ion concentrations are low (see
Figure 2-2).

Figure 4-2 Mechanistic Model Prediction of Carbon Dioxide Absorption Fraction for SRS Data.
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The mechanistic depletion model is used to predict OH ion depletion for the SRS H-Area tanks.
The predicted CO; absorption fraction is compared to the measured CO, absorption fraction in
Figure 4-2. The mechanistic prediction agrees well with the data. The mechanistic depletion
model under-predicts the absorption fraction for the lowest value. The OH™ ion concentration for
this data point is 0.0001 M, two orders of magnitude less than the lowest AC 5.16 OH ion
concentration limit. There is less scatter in the predictions for higher CO; absorption values,
when compared to the Hobbs model plot in Figure 4-1.

The benchmark analyses using the SRS data indicates the mechanistic depletion model is as
accurate as the Hobbs depletion model. Additionally, mechanistic prediction of CO, mass
transfer as a function of primary tank ventilation flow rate, vapor space/supernatant temperature
difference and OH"ion concentration provides a better understanding of the OH ion depletion
process.
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42  HANFORD SITE SUPERNATANT HYDROXIDE DATA

The Hanford Site DST data related to OH ion depletion, Table 3-2, are used to benchmark the
Hobbs depletion prediction and the mechanistic depletion model.

4.2.1 Hobbs Depletion Model Benchmark Using the Hanford Site Data

Results of the Hobbs hydroxide depletion model benchmark using the Hanford Site DST data are
shown in Figure 4-3. The molarity depletion rate is derived from the CO; absorption fraction of
the Hobbs model, from Equation 2-5, using Equation 4-1 and Table 3-2 data.

2- [ COZ ] Qilrgmy Qvem 1 hobbs
V

supernatant

(4‘ 1 ) OH Hobbs _Depletion _rate —

Where:
[ CO; ] 4y, , 18 the concentration of CO; in the inlet air stream.
0., is the primary tank ventilation flow rate.
V

supermnatant

F, s 18 the CO; absorption fraction predicted by the Hobbs model.

is the tank supernatant volume.

The Hobbs model OH  ion depletion rates generally agree well with the data. The uncertainty in
the predicted OH ion depletion rate is larger than the uncertainty in the predicted absorption
fraction for the SRS data. This is primarily due to greater uncertainty in the Hanford Site OH"
ion data. The SRS data were derived from relatively short duration, controlled tests where the
OH’ ion depletion rate was determined by measurement of CO; in the ventilation air. The OH"
ion depletion rate for the Hanford Site tanks was derived from OH™ ion concentration data, which
had a considerable amount of scatter. The OH" ion concentration measurements were also taken
over much longer periods of the time.

Figure 4-3 Hobbs Model Prediction of Hydroxide Depletion Rate for Hanford Site Data,
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4.2.2 Mechanistic Depletion Model Benchmark Using the Hanford Site Data

The results of the mechanistic hydroxide depletion model benchmark using the Hanford Site
DST data are shown in Figure 4-4.

Figure 4-4 Mechanistic Model Predictions of Hydroxide Depletion Rates for Hanford Site Data.
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The mechanistically predicted OH ion depletion rates are in reasonable agreement with the
measured data.

The predicted CO; absorption fraction and OH ion depletion rates (in both moles and molarity)
are shown in Table 4-1 for the Hanford Site DSTs evaluated. The predicted CO; absorption
fractions range from 90% for Tank 241-AZ-102 to as low as 18% for Tank 241-AN-104, which
has a crust limiting the air-liquid interface mass transfer. The predicted OH  ion depletion rates
range from 0.004 M/yr for Tank 241-AW-105 to 0.41 M/yr for Tank 241-AY-101. The OH ion
mole depletion rate for the ten tanks ranges from a low of 10,600 moles/yr in Tank 241-AN-104
to 151,600 moles/yr in Tank 241-AY-102.

Both the Hobbs model and the mechanistic depletion model compare reasonably well with the
SRS and Hanford Site supernatant OH™ 1on concentration data. However, since the mechanistic
model is not an empirical equation, but is based upon physical mechanisms, it has a wider range
of application. This is demonstrated with the evaluation of the Hanford Site vapor space CO;
data in Section 4.3.
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Table 4-1 Summary of Results for Mechanistic Maodel for Hanford Site Data.

Predicted | CO; Absorption |  Predicted el R - e
CO, Fractien OH Depletion ;
Tank-241 Absorption iiforred Tigi Rate Depletion Depletion
Fraction OH Data (Moles/yr) Rate Rate Data
M/yr) Myr)
AN-104 17% 31% 10,600 0.005% 0.009
AN-105 18% 9%% 11,100 0.005 0.028
AP-101 63% 9%% 33,200 0.008 0.013
AP-103 63% 41% 33,200 0.031 0.020
AW-103 70% 60% 46,500 0.016 0.013
AW-105 28% 4% 18,400 0.031 0.004
AY-101 83% 82% 136,000 0.416 0.41
AY-102 (1998) 75% 0G% 151,600 0.092 0.12
AY-102 (2001) 73% 09% 148,100 0.03 0.11
AZ-101 37% 67% 61,700 0.019 0.016
AZ-102 (1999} 0% 28% 44,200 0.014 0.004
AZ-102 (2002) 90% 98% 44,200 0.013 06.014

4.3 HANFORD SITE VAPOR SPACE CARBON DIOXIDE DATA

The DSTs with vapor space C0, data identified in Section 3.3 are used to further benchmark the
mechanistic hydroxide depletion model. The mechanistic depletion model was used to predict
the OH" ion depletion rate for the tank conditions at the time of the vapor space measurements.
Important parameters needed for the mechanistic model analyses include:

e vapor space/supernatant temperature difference
) supernatant OH ion concentration

. ventilation flow rate

. presence of surface crust.

The fraction of CO» absorbed from the ventilation air stream is given by Equation 4-2, which is
derived by rearranging Equation 2-3.

OH dep
(*-2) Fe 2
[ COZ ] Qi Qvem

Where:
F'= CO; absorption fraction
Ol@{y, = OH ion depletion rate [moles/unit time]
{COy ] 4y, = COz concentration in the inlet ambient air [mole/volume]

,.n; = ventilation flow rate [volume/unit time)

The predicted vapor space CO; concentration is given by Equation 4-3.

(4-3) [Cozjairbuik =[CO, ]m’rmb =)
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Where:
[CO, [

b= = CO; concentration of the vapor space [mole/volume]
bulk

The vapor space CO; data and the benchmark analyses are presented in the following sections.
4.3.1 Tank 241-AY-102 Carbon Dioxide Data Evaluation
4.3.1.1 Tank 241-AY-102 Data

The SHMS data for the Tank 241-AY-102 vapor space are shown in Figure 4-5 (TWINS 2007).
There are three time periods identified on the chart. The supernatant OH™ ion concentration was
different for these three periods resulting in a change in the CO, absorption rate and the

CO; vapor space concentration. The measured supernatant OH” ion concentrations are shown in
Figure 4-6 and Table 3-10 and Table 4-2 (TWINS 2007). In January 1998, the supernatant

OH’ ion concentration was 0.074 M. The concentration increased to 0.58 M in July 1998 due to
a caustic addition to the supernatant. By April 1999, the OH' ion concentration has decreased to
0.082 M. The buffering of the OH" ion affects the CO, concentration in the aqueous phase and
the CO;, absorption rate. This buffering is important at low OH™ ion concentrations.

The ventilation flow rate, supernatant temperature and vapor space/supernatant temperature
difference used for the mechanistic model calculation are presented in Section 3.2.8 and 3.2.9.
The results of the mechanistic model analyses are shown in Figure 4-7 and discussed in the
following sections.

Figure 4-5 Tank 241-AY-102 Measured Vapor Space CO, Concentrations.
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Figure 4-6 Tank 241-AY-102 Supernatant Hydroxide Concentrations.
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Table 4-2 Tank 241-AY-102 Measured Ilydroxide Concentrations.

| HINF-1682 Rev. 0

| 2av-99-2

d

241-AY-102 4670 0.275

241-AY-102 | Grab Sample 3/11/99 4770 0.280 HNF-1682 Rev. 0 | 2AY-09-2
241-AY-102 | Grab Sample 3/11/99 3520 0.207 0.220 HNF-1682 Rev. 0 | 2AY-99-3
241-AY-102 | Grab Sample 3/11/99 3490 0.205 IINF-1682 Rev. 0 | 2AY-99-3
241-AY-102 | Grab Sample 3/11/99 2990 0.176 HNF-1682 Rev. 0 | 2AY-99-4
241-AY-102 | Grab Sample 3/11/99 3020 0.178 HNF-1682 Rev. 0 | 2AY-99-4
241-AY-102 | Grab Sample 4/1/99 1620 0.095 HINF-1682 Rev. 0 | 2AY-99-6
241-AY-102 | Grab Sample 4/1/99 1580 0.093 FHINF-1682 Rev. 0 | 2AY-99-6
241-AY-102 | Grab Sample 4/1/99 1240 0.073 0.082 HNF-1682 Rev. 0 | 2AY-99-7
241-AY-102 | Grab Sample 4/1/99 1300 0.076 HNF-1682 Rev. 0 | 2AY-99-7
241-AY-102 | Grab Sample 4/1/99 1290 0.076 HNF-1682 Rev. 0 | 2AY-09-8
241-AY-102 | Grab Sample 4/1/99 1330 0.078 HNF-1682 Rev. 0 | 2AY-99-8

4.3.1.2 Tank 241-AY-102 Mechanistic Model Prediction

The predicted vapor space CO; concentrations for the three periods discussed in the previous
section are shown in Figure 4-7. These are compared with the average measured data for the
periods shown in Figure 4-5. The supernatant OH" ion concentration for period 1 is 0.074 M.
The low OH ion concentration results in higher CO, in the aqueous phase. This increases the
CO, concentration on the air side of the vapor/liquid interface. The mass transfer of CO; from
the bulk air is proportional to the CO, concentration difference between the bulk air and the
interface. Therefore, the mass transfer of CO; from the bulk air is limited on the vapor side.
This results in a predicted CO; concentration above 300 ppm which agrees well with the average
measured data.
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The predicted vapor space CO; concentration for the second period is shown in Figure 4-7. The
supernatant OH” ion concentration ranges from 0.58 M to 0.41 M over the period (Figure 4-6).
The higher OH ion concentration reduces the aqueous CO; concentration. The CO, absorption
rate becomes limited by the supply of ventilation air. This results in a lower vapor space CO»
concentration. The predicted concentration is near 200 ppm. This agrees reasonably well with
the average measured data value of 144 ppm. Thus, the increased supernatant OH™ ion
concentration results in a lower vapor space CO; concentration,

The predicted vapor space CO; concentration for the third period is shown in Figure 4-7. The
supernatant OH" ion concentration is 0.082 M. This concentration is higher than period 1 but
lower than the second period. The predicted and measured vapor space CO; concentrations are
between the values for period 1 and period 2 as expected. The predicted value is 290 ppm which
agrees well with the average measured value of 270 ppm.

Figure 4-7 Tank 241-AY-102 Predicted Vapor Space CO; Concentrations.
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The vapor space CO; concentration is well predicted by the mechanistic depletion model. The
model predicts the difference in vapor space CO; concentration observed in the measured data.

4.3.2 Tank 241-AZ-~101 Carbon Dioxide Data Evaluation

Measured vapor space CO, concentrations for Tank 241-AZ-101 are shown in Figure 4-8
(TWINS 2007). These data were measured from August 1998 to September 1999. Duplicate
values were evaluated for each sample time. The data shows a large difference for each
measurement time. The reason for this measurement difference is not known. The higher values
were not used for the evaluation.
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The Tank 241-AZ-101 hydroxide depletion model predictions presented in Section 3.2.10 apply
to the measurement period shown in Figure 4-8 and were used for the vapor space CO;
concentration evaluation. Figure 3-27 shows that the supernatant OH” ion concentration is above
0.6 M. The CO; absorption is limited by the ventilation air flow rate. The predicted vapor space
CO; concentration shown in Figure 4-8 is 54 ppm. The average for the minimum of the
measured data at each sample time is 97 ppm. Therefore, the predicted vapor space CO,
concentration agrees reasonable well with the minimum measured data.

Figure 4-8 Tank 241-AZ-101 Measured Vapor Space CO, Concentrations.
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4.3.3 Tank 241-AZ-102 Carbon Dioxide Data Evaluation

Measured vapor space CO: concentrations for Tank 241-AZ-102 are shown in Figure 4-9
(TWINS 2007). These data were measured from November 1998 to September 1999. The
duplicated data for this data set are much more consistent than the Tank 241-AZ-101 data.

The parameters for the Tank 241-AZ-102 hydroxide depletion model predictions presented in
Section 3.2.11 were used for this evaluation. Figure 3-29 shows the supernatant OH ion
concentration. The measured OH ion concentration was near 0.02 M during the period shown in
Figure 4-9. The low supernatant OH' ion concentration results in buffering which increases the
aqueous CO; concentration and reduces the CO; mass transfer from the bulk air to the air/liquid
interface. The predicted vapor space CO, concentration shown in Figure 4-9 is 295 ppm. The
average measured data during this period is 243 ppm. Therefore, the predicted vapor space

CO; concentration agrees well with the average measured data
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Figure 4-9 Tank 241-AZ-102 Measured Vapor Space CO; Concentrations.
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4,3.4 AWF Ventilation Carbon Dioxide Data Evaluation

4.3.4.1 AWF Data

The measured CO; concentration in the AWF ventilation outlet stream in August 2000 is shown
in Figure 4-10 (TWINS 2007). The samples were collected using SUMMA"™ canisters. The
average measured CO; concentration is 325 ppm. This air steam incorporates the ventilation air
for Tanks 241-AY-101, 241-AY-102, 241-AZ-101 and 241-AZ-102. The CO; evaluation for
Tanks 241-AZ-101 and 241-AZ-102 presented in Section 4.3.2 and 4.3.3 were used for the
AWF ventilation evaluation since the tank conditions for August 2000 are expected to be similar
to the individual tank conditions for the AZ tanks. The vapor space/supernatant temperature
difference and ventilation flow rates for the previous Tanks 241-AY-101 and 241-AY-102
evaluations (Sections 3.2.7 and 3.2.8) were used for the evaluation of the AWF ventilation CO;
data. The supernatant OH™ ion concentrations for the two 241-AY Farm tanks are shown in
Table 4-3 (TWINS 2007). The supernatant OH ion concentration for both tanks is low during
August 2000. The waste volume and supernatant concentrations for the two 241-AY Farm tanks
are shown in Figures 4-11 and 4-12 (TWINS 2007).

" SUMMA is a registered trademark of Molectrics, Inc., Cleveland Ohio.
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Figure 4-10 AWT Ventilation System CO; Data,

Carbon Dioxide Concentration (ppm)
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Table 4-3 Tank 241-AY-101 and 241-AY-102 Hydroxide Data.

Sample Calculated .
Tank Name Agg{:f:lﬂun Eveflt Me;;'l"ed OH Molar []:.:'::;::;f
Begin Date Concentration

241-AY-101 Core Composite | 1/19/2000 9.79 6.17TE-05 HNF-1710 Rev. 0
241-AY-101 Core Composite | 1/19/2000 9.76 5.75E-05 HNF-1710 Rev. O
241-AY-101 Core Composite 1/19/2000 94 2.51E-05 HNF-1710 Rev. O
241-AY-101 Core Composite | 1/28/2000 9.76 5.75E-05 HNF-1710 Rev. O
241-AY-101 Core Composite 1/28/2000 9.75 5.62E-05 HNF-1710 Rev. 0
241-AY-101 Core Composite 1/28/2000 9.76 5.75E-05 HNF-1710 Rev. O
241-AY-102 Grab Sample 11/29/2000 12.07 0.012 FH-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.07 0.012 FH-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.06 0.011 FH-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.13 0.013 FH-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.12 0.013 FH-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.08 0.012 FI-0100790 Reissue
241-AY-102 Grab Sample 11/29/2000 12.07 0.012 FH-0100790 Reissue
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Figure 4-11 Tank 241-AY-101 Hydroxide Data.
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Figure 4-12 Tank 241-AY-102 Hydroxide Data.
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4.3.4.2 AWF Ventilation Carbon Dioxide Evaluation

The vapor space CO; concentration was predicted for each of the AWF tanks using the
mechanistic depletion model. The vapor space CO, concentration is high for Tanks 241-AY-101
and 241-AY-102 because of the low supernatant OH" ion concentrations. The vapor space CO,
concentrations are much lower for Tanks 241-AZ-102 and 241-AZ-102. However, the
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ventilation flow rate for these tanks is much lower than the two 241-AY Farm tanks (see
Section 3.2). The weighted average of the predicted tank values using the individual tank
ventilation rates is shown in Figure 4-13. The predicted value is 333 ppm. This agrees with the
measured value of 325 ppm.

Figure 4-13 AWF Ventilation Predicted CO, Concentration.
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435 Tank 241-8Y-101

The measured Tank 241-SY-101 vapor space CO; concentration during April 1993 is shown in
Figure 4-14 (TWINS 2007). The average measured CO; concentration is 360 ppm. The
supernatant OH" ion concentration is shown in Figure 4-15 and Table 4-4 (TWINS 2007). The
OH’ ion concentration average is 1.55 M.

Figure 4-16 shows the waste temperature profile for Tank 241-SY-101 in May 1993

(TWINS 2007). There is a steep temperature gradient near the supernatant surface caused by a
surface crust. The crust thickness is estimated to be 16 in. bascd upon the waste level and

the elevation of the 19™ thermocouple. Mass transfer through the crust is assumed to be limited
to molecular diffusion. A number of parameters related to diffusion through the crust are not
known, including the porosity of the crust. The species diffusion coefficients may also be
affected by the crust. Several of the twenty-eight DSTs have any appreciable crust. No attempt
is made to develop a mechanistic treatment of the crust, because of the limited number of

tanks with crusts. An empirical approach is taken. The crust thickness is estimated from
temperature data and the porosity is assumed to be small. The small porosity may account

for other unknown parameters such as the diffusion coefficient. A porosity of 0.02 is assumed
for Tank 241-SY-101. This value provides reasonable agreement with the CO; data for

Tank 241-SY-101. This same value is then used for all tanks with a surface crust with the
exception of Tank 241-SY-103 discussed in Section 4.3.7. This empirical approach provides a
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reasonable prediction of the OH' ion depletion rate for the limited number of tanks with surface
crusts.

Figure 4-16 shows that there are no vapor space temperatures available for the Riser 018
thermocouple tree. Thus the supernatant/vapor space temperature difference for

Tank 241-SY-103 (Section 4.3.7) is uscd. The two tanks have about the same heat load and the
ventilation flow rates and supernatant temperatures are about the same. A value of 2 °F is used.
The predicted vapor space CO, concentration is not sensitive to this value since the mass transfer

is limited by the crust.

Figure 4-14 Tank 241-SY-101 Vapor Space CO, Data,

400
L]
o s Gt A dOE b  ln » St el ]
300
250
+  5HJS Data

= = = =Aversge SHVS Detal

Carbon Dioxide (ppm)
2

50 ——
0 -
41103 4303 4/5/03 47/93 4/9/03
Figure 4-15 Tank 241-SY-101 Hydroxide Data.
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Table 4-4 Tank 241-SY-101 Measured Hydroxide Concentrations.

The predicted vapor space CO; concentration for Tank 241-SY-101 during April 1993 is
compared with the average measured data in Figure 4-17. The predicted and measured vapor
space CO; concentrations are in good agreement using the empirical value for the crust porosity.
The mass transfer of OH™ ion from the bulk supernatant is limited by molecular diffusion through

the surface crust. This results in a high vapor space CO; concentration. Good results are

TankName | ““yevel | Begin Value | Document Location | Event
evel begin M) Name
241-8Y-101 Grab Sample 4/3/00 26300 1.55 HNF-1702 Rev. O 1SY-00-2
241-8Y-101 Grab Sample 4/3/00 22000 1.20 HNF-1702 Rev, O I1SY-00-1
241-8Y-101 Grab Sample 4/3/00 25800 1.52 HNF-1702 Rev, 0 1SY-00-2
241-SY-101 Grab Sample 4/3/00 21700 1.28 HNF-1702 Rev. 0 1SY-00-1
241-8Y-101 Grab Sample 4/6/00 27200 1.60 155 HNF-1702 Rev. 0 18Y-00-3
241-SY-101 Grab Sample 4/6/00 28600 1.68 ’ HNF-1702 Rev. 0 18Y-00-5
241-8Y-101 Girab Sample 4/6/00 28200 1.66 HNF-1702 Rev. 0 1SY-00-4
241-8Y-101 Grab Sample 46/00 27500 1.62 HNF-1702 Rev. 0 1SY-00-3
241-8Y-101 Grab Sample 4/6/00 28000 1.65 HNF-1702 Rev. 0 18Y-00-5
241-8Y-101 Grab Sample 4/6/00 28000 1.65 HNF-1702 Rev, 0 1 SY-00-4
Figure 4-16 Tank 241-5Y-101 Temperature Profile.
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obtained for other tanks with surface crusts without changing the empirical value for the crust

porosity chosen for Tank 241-SY-101. The evaluation of Tank 241-SY-101 is used to develop
the empirical crust model. The results are not included in the benchmark summary provided in
Section 4.3.23.

57




Page 63 of 440 of DA0GOZ23333

RPP-26676 Rev 1

Figure 4-17 Predicted Tank 241-SY-101 Vapor Space CO; Concentration.
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43.6 Tank 241-SY-102

The measured Tank 241-SY-102 vapor space CO, concentration during 1998 is shown in
Figure 4-18 (TWINS 2007), Two periods will be evaluated. The first is from March to

August of 1998 and the second in September and October of 1998. The average measured

CO, concentration for the first period is 297 ppm while the average data for the second period is
122 ppm. The supernatant OH ion concentration is shown in Figure 4-19 and Table 4-5. The
supernatant OH™ ion concentration is 0.074M for the first portion of the data shown in

Figure 4-18 and 0.18 M during the second portion of the CO, measurements.

The waste temperature profile for Tank 241-SY-102 in October 1998 is shown in Figure 4-20
(TWINS 2007). Supernatant and vapor space temperatures are shown in Figure 4-21

(TWINS 2007). The average supernatant/vapor space temperature difference for the first
evaluation period is small, less than 1 °F. A value of 0.1 °F is used for the evaluation. The
vapor space temperature (TC17) exceeds the supernatant temperature (TC11) for some of the
first evaluation period. The average supernatant/vapor space temperature difference increased
significantly during the second evaluation period. The vapor space CO; data were measured
near the transition into the larger temperature differences. The temperature difference for the
second period at the time of the CO, measurements is assumed to be at least 1 °F.
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Figure 4-18 Tank 241-SY-102 Vapor Space CO, Data.
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Figure 4-19 Tank 241-SY-102 Supernatant Hydroxide Data.
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Table 4-5 Tank 241-5Y-102 Measured Hydroxide Concentrations.

7 i et b sgglfi Measwred | . {Aversge| | Sempling
| AW 52 wel'?‘_. | Begha | Value . ‘Molarity | Value |  Dogument Loesl\_:lon.n__“ i © Fovent
241-8Y-102 | Grab Sample | 3/10/98 | 1170 0.069 HNF-SD-WM-DP-307, Rev.0 | 2SY-98-4
241-8Y-102 | Grab Sample | 3/10/98 | 1080 0.063 HNF-SD-WM-DP-307, Rev.0 | 28Y-98-2
241-8Y-102 | Grab Sample | 3/1098 | 1650 0.097 HNF-SD-WM-DP-307, Rev. 0| 28Y-98-1
241-8Y-102 | Grab Sample | 3/10/98 | 1180 0069 | %97 [ UNF-SD-WM-DP-307 Rev.0 | 25Y-98-3
241-8Y-102 | Grab Sample | 3/10/8 | 1160 0.068 HNF.SD-WM-DP-307, Rev. 0 | 2SY-98-4
241-8Y-102 | Grab Sample | 3/10/98 | 1080 0.063 HNF-SD-WM-DP-307, Rev. 0| 2SY-98-2
241-8Y-102 | Grab Sample | 3/10/98 | 1590 0.093 HNF-SD-WM-DP-307, Rev.0_ | 25Y-98-1
241-SY-102 | Grab Sample | 3/10/98 | 1180 0.069 [INF-SD-WM-DP-307, Rev. 0 | 2SY-98-3
241-SY-102 | Grah Sample | 9/22/98 | 4830 0.284 TINF-1658 Rev. 0 25Y-983
241-SY-102 | Grab Sample | 972298 | 2960 0.174 HNFE-1658 Rev. 0 38Y-98-8
241-8Y-102 | Grab Sample | 9/22/98 | 2300 0.135 HNF-1658 Rev. 0 25Y-98-6
241-SY-102 | Grab Sample | 9/22/98 | 2600 0.153 | 182 HNE-1658 Rev. 0 25Y-98-7
241-SY-102 | Grab Sample | 9/22/98 | 4340 0.255 HNF-1658 Rev. 0 25Y-98-5
341-8Y-102 | Grab Sample | 9/22/98 | 2790 0.164 FHINF-1658 Rev. 0 2SY-98-8
241-SY-102 | Grab Sample | 972298 | 2430 0.143 HNF-1658 Rev. 0 28SY-98-6
241-8Y-102 | Grab Sample | 9/22/98 | 2500 0.147 FINF-1658 Rev. 0 2SY-98.7
241-8Y-102 | Grab Sample | 4/11/00 10400 0.61 HNF-1705 Rev. ( 28Y-00-6
241-SY-102 | Grab Sample | 4/11/00 | 10800 0.63 HNF-1705 Rov. 0 2SY-00-6
241-SY-102 | Grab Sample | 4/11/00 | 20100 1.18 TINF-1705 Rev. 0 28Y-00-7
241-8Y-102 | Grab Sample | 4/11/00 | 21100 124 HNF-1705 Rev. 0 28Y-00-7
241-SY-102 | Grab Sample | #/11/00 | 20300 119 HNF-1705 Rev. 0 2SY-00-8
241-SY-102 | Grab Sample | 411700 | 21800 128 HNF-1705 Rev. 0 25Y-00-8
241-SY-102 | Grab Sample | 4/11/00 | 13800 0.81 HNF-1705 Rev, 0 25Y-00-9
241-SY-102 | Grab Sample | #/11/00 | 13500 0.79 Lk HNF-1705 Rev. 0 25Y-00-9
241-5Y-102 | Grab Sample | 4/11/00 | 23300 138 HNF-1705 Rev. 0 25Y-00-9
241-5Y-102 | Grab Sample | 4/11/00 | 23100 1.36 HNF-1705 Rev. 0 ISY-00-9
241-5Y-102 | Grab Sample | 4/11/00 | 24300 143 HNE-1705 Rev. 0 25Y-00-0
241-5Y-102 | Grab Sample | 4/11/00 | 23500 138 HNF-1705 Rev. 0 25Y-009
241-SY-102 | Grab Sample | 4/11/00 | 24900 1.46 HNF-1705 Rev. 0 2SY-00-10
241-8Y-102 | Girab Sample | 4/11/00 | 24300 143 HNF-1705 Rev. 0 2SY-00-10
241-SY-102 | Grab Sample | 4/11/00 | 15500 0.91 HNF-1705 Rev. 0 25Y-00-10
241-3Y-102 | Grab Sample | 4/11/00 | 16000 0.94 HNF-1705 Rev. 0 2SY-00-10
241-8Y-102 | Grab Sample | #1100 | 25900 152 HNF-1705 Rev. 0 2SY-00-10
241-8Y-102 | Grab Sample | #1100 | 26000 153 HINF-1705 Rev. 0 2SY-00-10
241-8Y-102 | Grab Sample | 10/3/00 | 13500 0.79 EHINF-6051 Rev. 0 2SY-01-1
241-8Y-102 | CGrab Sample | 10300 | 13600 0.80 - HNF-6051 Rev. 0 25Y-01-1
241-8Y-102 | Grab Sample | 10/3/00 | 19500 115 HINF-6051 Rev. 0 28Y-01-2
241-8Y-102_| Grab Sample | 103400 | 20200 119 HINF-6051 Rev, 2SY-01-2
241-8Y-102 | Grab Sample | 10/300 | 20700 1.22 HNF-6051 Rev. 0 25Y-01-3
241-8Y-102 | Grab Sample | 10/3/00 | 20800 1.22 HNF-6051 Rev. 0 28Y-01-3
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Figure 4-20 Tank 241-SY-102 Temperature Profile,
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Figure 4-21 Tank 241-8Y-102 Supernatant and Vapor Space Temperatures.
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The predicted vapor space CO; concentration for Tank 241-SY-102 for the two evaluation
periods is shown in Figure 4-22. There is good agreement with the predicted and measured
vapor space CO; concentration for both evaluation periods. The vapor space CO; concentration
is higher during the first period because the CO, mass transfer is limited by the small
supernatant/vapor space temperature difference and the low OH ion concentration, which creates
buffering of the OH ion. The vapor space CO, concentration for the second period decreases
due to higher CO, absorption resulting from the greater supernatant/vapor space temperature
difference and higher supernatant OH" ion concentration.
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Figure 4-22 Predicted Tank 241-S8Y-102 Vapor Space CO; Concentration.
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4.3.7 Tank 241-SY-103

The measured Tank 241-S8Y-103 vapor space CO; concentration made from September 1994 to
August 1999 are shown in Figure 4-23 (TWINS 2007). A few data with values over 400 ppm
were considered unrealistic and were omitted. The supernatant OH™ ion concentration is shown
in Figure 4-24 and Table 4-6 (TWINS 2007). The supernatant OH™ ion concentration is near
1.7 M during the time of the CO, measurements.

The vapor space CO; concentrations in 1994 are similar to the measurements in 1998. However,
the measurements of vapor space CO; concentration in 1995 and 1996 are significantly lower.
Figures 4-25 and 4-26 show the waste temperature profile and the superatant and vapor space
temperatures (TWINS 2007). The temperature gradient near the waste surface suggests a
thermal conduction limited region or crust. The mass transfer through the crust is modeled with
a crust thickness and porosity., Mass transfer is assumed to oceur by diffusion only. The crust
thickness is approximately 26 in. (Section 5.7, Appendix B). An empirical value of 0.02 for the
porosity was determined from the evaluation of Tank 241-SY-101, Section 4.3.5. This value
provides reasonable agreement with the CO;, data for Tank 241-SY-101. Core sample data
indicate the presence of solids in the supernatant near the surface, HNF-7430. However, the
concentration of solids is not as great as the crust for some tanks in the 241-AN Farm or
241-AW Farm. It is assumed that the porosity for Tank 241-SY-103 crust is greater than other
surface crusts. Therefore the porosity is increased by an order magnitude.

The supernatant temperature is clearly lower from late 1996 forward. This is an indication of the
potential changes in ventilation flows rate of cither the primary or secondary system, or both.
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Figure 4-23 Tank 241-SY-103 Vapor Space CO,; Data.
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Figure 4-24 Tank 241-SY-103 Supernatant Hydroxide Data.
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Table 4-6 Tank 241-5Y-103 Measured Hydroxide Concentrations.

T E— WHC-SD-WM-DP-074,
241-8Y-103 it 81994 | 28900 1.70 . Sl 62 8
241-8Y-103 Drainable 8/19/94 29600 1.74 WHC-SD- Whi-DE-47% 62 3

Liguid Rev. 0

241-5Y-103 DL Cory 3/7/00 30700 1.80 HNF-7430 Rev.0

Composite 1.86
241-SY-103 DL Core 3/7/00 31600 1.86 HNF-7430 Rev.0

DL Core [
241-5Y-103 St | 300 32500 1.91 HNF-7430 Rev.0

Figure 4-25 Tank 241-SY-103 Temperature Profile.
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Figure 4-26 Tank 241-SY-103 Supernatant and Vapor Space Temperatures.
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The mechanistic depletion model is used to predict the vapor space CO; concentration. Two
analyses cases were performed. The first analysis (case 1) assumed a normal primary ventilation
flow rate of approximately 330 cfm. This analysis applies to the measured 1998 and 1999

CO; data shown in Figure 4-23. A second analysis (case 2) assumes that the primary ventilation
flow
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is reduced by 66%. Low primary ventilation flow is a possible explanation for the lower CQO;
concentration measurements shown in Figure 4-23, but has not been confirmed. However, the
hydrogen concentration during the second period is as high as 1800 ppm (TWINS 2007). This is
an indication of Gas Release Events (GRE) from the waste. These GREs can increase the
pressure in the vapor space, thus reducing the inlet ventilation flow rate and diluting the vapor
space COs concentration.

The results of the analyses are shown in Figure 4-27. The first analysis, assuming normal
primary ventilation flow, agrees well with the data. The surface crust reduces the OH’ ion mass
transfer from the bulk supernatant, which reduces the absorption of CQO; from the ventilation air.
The CO, absorption is hmited by the liguid mass transfer, not the ventilation air supply. There is
good agreement with the data using the nominal ventilation flow rate,

The flow was reduced for the second analysis parametrically to determine the flow rate that
would provide the reduced CO2 concentration observed in the data. A reduction of 66% provides
good agreement with the data. The CO, concentration is significantly lower because the
absorption rate becomes limited by the ventilation air supply. Thus, a reduced primary
ventilation flow rate is a possible explanation for the reduced vapor space CO; concentration in
1995 and 1996, but has not been confirmed from ventilation system records, Apparent GREs
during this period may offer an explanation for a reduced inlet flow rate and low CO,
concentration.

The second analysis was parametric in nature, performed to understand the CQ; concentration
data. The results arc not included in the benchmark summary provided n Section 4.3.23.

4.3.8 241-5Y Farm Ventilation System Carbon Dioxide Evaluation

The measured CO; concentration in the 241-SY Farm primary ventilation system for

August 30, 2000, is shown in Figure 4-28. The CO; concentration from the combined ventilation
flow for the three 241-SY Farm tanks is near 230 ppm. The mechanistic model was used to
predict the 241-SY Farm CO; concentration.

Figurc 4-29 shows the Tank 241-SY-101 waste temperature for August 30, 2000 (TWINS 2007).
Waste was transferred out of Tank 241-SY-101 late 1999 and early 2000. A comparison of
Figure 4-16 and 4-29 shows that the tank heat load has been reduced, resulting in lower waste
temperatures, and the crust appears to have been eliminated. The mechanistic model analyses for
August 2000 is performed without a crust and a vapor space/supernatant temperature difference
less than 1 °F. The OH ion concentration for this period are shown in Table 4-4.

Figure 4-30 shows the Tank 241-8Y-102 waste temperature profile for August 30, 2000
(TWINS 2007). There is a 2.5 °F vapor space/supernatant temperature differences. The
mechanistic model calculation for the 241-SY Farm ventilation used this temperature difference
and the OH  ion concentration for this period shown in Table 4-5.

The Tank 241-8Y-103 case | analyses presented in Section 4.3.7 were used for the 241-SY Farm

ventilation analyses. The tank conditions in August 1999 and August 2000 are expected to be
similar. The OH ion concentration for this period is shown in Table 4-6.
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Figure 4-28 241-SY Farm Veatilation CO; Concentration.
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Results of the mechanistic model evaluation of the 241-SY Farm ventilation system CO, data are
shown in Figure 4-28. The predicted ventilation air CO, concentration of near 200 ppm agrees
well with the average data.

Figure 4-29 Tank 241-SY-101 August 30, 2000, Waste Temperature Profile.
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Figure 4-30 Tank 241-SY-102 August 30, 2000, Waste Temperature Profile.
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4.3.9 Tank 241-AW-101

The measured Tank 241-AW-101 vapor space CO; concentrations and waste level are shown in
Figure 4-31 (TWINS 2007). If the measured CO; concentrations reported were less than the
detection limit, the detection limit value was used. The vapor space CO; concentrations increase
significantly towards the end of 1996, This may be due to changes in the ventilation system flow
rates. Ventilation system operation with inlet flow control stations was initiated in 1996 as
depicted by the step increase in CO; concentration, Figure 4-31. The inlet flow rates through the
flow control stations are shown in Table 4-7, RPP-11731. An average stack flow rate for the
241-AW Farm is ailso shown in Table 4-7. The estimated total flow rate per tank assumes that
the in-leakage (measured stack flow minus the total flow control station flows}) is equally
distributed. The total ventilation flow rate for Tank 241-AW-101 after the flaw control station
was installed is 229 cfm. Prior to 1996 the inlet flow occurred throuph in-leakage only. The
total flow rate would have been lower because of the higher flow resistance of in-leakage sites.
Tank 241-AW-101 is onc of the farthest tanks from the ventilation system cxhausters and shoutd
have had a flow less than the average. The average flow rate per tank with the flow control
station (Table 4-7) is 160 cfim. Prior to 1996 the Tank 241-AW-101 flow should have been less
than 160 ctm. For these reasons, the flow control station tlow for Tank 241-AW-101 afier 1996
could be more than double the inlet flow rate prior to 1996.
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Figure 4-31 Tank 241-AW-101 Measured Vapor Space CO, Concentrations.
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Table 4-7 241-AW Farm Primary Ventilation Flow Rates.

| Total Flow (cfm)

AW101 229
AW102 174
AW103 139
AW104 139
AW105 139
AW106 139
Total Flow Control %08

Station Flow (cfm)

Total Farm Flow (cfm) 960
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The supernatant OH™ ion concentration is shown in Figure 4-32 and Table 4-8 (TWINS 2007).
The OH ion concentration is nearly 6.0 M. The August 31, 1998, waste temperature profile for
Tank 241-AW-101 is shown in Figure 4-33 (TWINS 2007). The large temperature gradient near
the waste surface shows the presence of a surface crust. This crust is on the order of 30 in,
almost two core segments thick, WHC-SD-WM-DP-192. Mass transfer through the crust is
assumed to be by diffusion only.

Figure 4-34 shows the Tank 241-AW-101 supernatant and vapor space temperatures

(TWINS 2007). The average temperature difference exceeds 10 °F. This is a consequence of the
thick surface crust which Figure 4-33 shows is at least 30 in thick based upon the temperature
gradient near the waste surface. The mass transfer through the crust is modeled with a crust
thickness and porosity. Mass transfer is assumed to occur by diffusion only. An empirical value
of 0.02 for the porosity was determined from the evaluation of Tank 241-SY-101, Section 4.3.5.
This value provides reasonable agreement with the CO; data for Tank 241-SY-101. This same
value is then used for all tanks with a surface crust except for Tank 241-SY-103 discussed in
Section 4.3.7. This empirical approach provides a reasonable prediction of the OH™ ion depletion
rate for the limited number of tanks with surface crust.

Figure 4-32 Tank 241-AW-101 Supernatant Hydroxide Data.
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Table 4-8 Tank 241-AW-101 Measured Hydroxide Concentrations.

241-AW-101 Sy % 4/21/99 94300 5.55 HNF-1652 Rev. 0
Composile

241-AW-101 Bup BT 4/21/99 94300 5.55 5.59 HNF-1652 Rev. 0
Composite
Supernate .

241-AW-101 Ciniisoatie 4/21/99 96300 5.66 IINF-1652 Rev. 0

Figure 4-33 Tank 241-AW-101 August 31, 1998, Waste Temperature Profile.
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Figure 4-34 Tank 241-AW-101 Vapor Space and Supernatant Temperatures.
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Two cases are analyzed using the mechanistic depletion model. The first applics to the
ventilation system operation after the installation of the flow control station. The ventilation
flow rate shown in Table 4-7 was used for the analyses. The second case used a ventilation flow
rate one-third the value shown in Table 4-7. The purpose of the second analysis is to assess the
effect of reduced ventilation flow. The results of the mechanistic model analyses are shown in
Figure 4-35. There is good agreement between the measured and predicted vapor space

CO; concentration for the data measured after late 1996. This applies to the current ventilation
system configuration. This should be representative of the current tank conditions. The second
analyses, which used the reduce ventilation system flow, is somewhat lower than the case 1
analyses but significantly higher than the average measured data. It is difficult to know the
actual ventilation flow rate for this period. The actual rate may be even lower than estimated,
which would result in even lower predicted vapor space CO; concentrations. Thus, differences
in ventilation flow provide a possible explanation for the differences in vapor space CO;
concentrations shown in Figure 4-35. The second analysis is parametric in nature, performed to
better understand the vapor space CO, concentration data. The results are not included in the
benchmark summary provided in Section 4.3.23.
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Figure 4-35 Tank 241-AW-101 Predicted and Measured Vapor Space C0; Concentrations.
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4.3.10 241-AW Farm Ventilation System Carbon Dioxide Evaluation

The measured 241-AW Farm ventilation system CO; concentrations are shown in Figure 4-36
(TWINS 2007). The average measured data is near 250 ppm. The mechanistic depletion model
was used to evaluate the vapor space CO; concentrations for all the 241-AW Farm tanks. The
ventilation flow weighted average of all the tanks is compared with the measured ventilation CO,
concentrations. The ventilation flow rates shown in Table 4-7 were used for the evaluation of
the 241-AW Farm CO; data. The estimated total flow rate per tank assumes that the in-leakage

(measured stack flow minus the total flow control station flows) is equally distributed.

Figure 4-36 241-AW Farm Ventilation Measured CO, Concentrations.
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4.3.10.1 Tank 241-AW-101

The tank conditions and ventilation flow rates for the Tank 241-AW-101 evaluation presented in
Section 4.3.9 after the flow control station was installed are applicable to the evaluation of the
241-AW Farm ventilation CO; concentrations and are used for that purpose.

4.3.10.2 Tank 241-AW-102

The Tank 241-AW-102 waste level is shown in Figure 4-37 (TWINS 2007). In December 1999
waste was transferred from Tank 241-AP-107 into Tank 241-AW-102. The Tank 241-AW-102
supernatant OH ion concentration after this transfer is essentially the Tank 241-AP-107 value
prior to the transfer. The Tank 241-AW-102 supernatant OH" ion concentration prior to the
Tank 241-AP-107 waste transfer is over 0.4 M (TWINS 2007). The Tank 241-AP-107
supernatant OH™ ion concentration is almost 0.6 M as shown in Figure 4-37 and Table 4-9
(TWINS 2007).

Figure 4-37 Tank 241-AW-102 Waste Volume and Supernatant Hydroxide Data.

08— 1800
& AP10T Hydroxide

= AW-102 Hydroxide
—8— AW-102 Waste Volume
—a&— AR-107 Waste Voums

1400

oy

8

[ =1
o
-
-
L;::—-

g
3 .= o0 §
AR
ui1 H " 200
e N

0o - v v 0
111/88 208088 5/20/99 8/28/e9 1206096 31500 623000 10/1/00

74



Page B6 of 440 of DA0GOZ23333

RPP-26676 Rev 1

Table 4-9 Tanks 241-AW-102 and 241-AP-107 Measured Hydroxide Concentrations.

_ __Date | ‘M iy
241-AW-102 | Grab Sample | 1/27/99 7630 0.449 HNEF-1665 Rev. 0 | 2AW-99-4C-T
241-AW-102 | Grab Sample | 1/27/99 7360 0.433 HNF-1665 Rev. 0 | 2AW-99-3C-T
241-AW-102 | Grab Sample | 1/27/99 7300 0.429 0a3g | _HNF-1665 Rev.0 | 2AW-99-2C-T
241-AW-102 | Grab Sample | 1/27/99 7760 0.456 HNF-1665 Rev. 0 | 2AW-99-4C-T
241-AW-102 | Grab Sample | 1/27/99 7360 0.433 HINF-1665 Rev. 0 | 2AW-99-3C-T
241-AW-102 | Grab Sample | 1/27/99 7300 0.429 HNF-1665 Rev. 0 | 2AW-09-2C-T
241-AP-107 | Grab Sample | 8/30/99 9970 0.586 TINF-1689 Rev.0 | 7AP-00-3C
241-AP-107 | Grab Sample | 8/30/99 9770 0.575 0569 | _HNF-1689 Rev.0 | 7AP-00-2C
241-AP-107 | Grab Sample | 8/30/99 9430 0.555 HNF-1689 Rev. 0 | 7AP-00-4C
241-AP-107 | Grab Sample | 8/30/99 9500 0.559 HINF-1689 Rev.0 | 7AP-00-3C

The Tank 241-AW-102 waste temperature profiles and waste levels for August 27, 1999, and
June 14, 2000, are shown in Figure 3-38 (TWINS 2007). The waste inventory was very small
during the 241-AW Farm ventilation system CO, measurements shown in Figure 4-36. The tank
heat load was also very low resulting in low tank temperatures (near ambient conditions) and
small temperature differences between the supernatant and vapor space. The supernatant and
vapor space temperatures are shown in Figure 4-39. The temperature difference is less than 1 °F
during about 40% of the period of the CO; ventilation measurements. It is less the 0.1 °F about
20% of the time. A value of 1.0 °F was used for the evaluation to represent the whole period.

Figure 4-38 Tank 241-A'W-102 Waste Temperature Profiles.
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Figure 4-39 Tank 241-AW-102 Vapor Space and Supernatant Temperatures.
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The predicted Tank 241-AW-102 vapor space CO, concentration is 70 ppm.
4.3.103 Tank 241-AW-103

The Tank 241-AW-103 waste volume and supernatant OH ion concentration are shown in
Figure 4-40 (TWINS 2007). The OH ion concentration data are shown in Table 4-10

(TWINS 2007). The supernatant OH’ ion concentration during the period of the 241-AW Farm
ventilation system CO, measurements is 0.57 M.

Figure 4-40 Tank 241-AW-103 Waste Volume and Supernatant Hydroxide Data.
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Table 4-10 Tank 241-AW-103 Measured Hydroxide Concentrations.

C265:CentLiquid |

HNF-1691 REV. 0
241-AW-103 | Core Compaosite 9/3/99 0.576 HNF-1691 REV. 0 C265:CentLiquid 2
‘ 241-AW-103 Core Composite 9/3/99 0.588 0.566 HNF-1691 REV. 0 C265:CentLiquid 3
| 241-AW-103 | Core Composite 9/8/99 0.556 . HNF-1691 REV. 0 C267:CentLiquid |
: 241-AW-103 | Care Composite 9/8/99 9310 0.548 HNF-1691 REV. 0 C267.CentLiquid 2
| 241-AW-103 Core Composite /899 9310 0.548 HNF-1691 REV. 0 C267:CentLiquid 3

The Tank 241-AW-103 waste temperature profile is shown is Figure 4-41 (TWINS 2007). The
supernatant and vapor space temperatures are shown in Figure 4-42 (TWINS 2007). The
supernatant temperature is low. The vapor space temperature difference is small and the vapor
space temperature exceeds the supernatant temperature during the summer months, Since two of
the three CO» concentration measurements shown in Figure 4-36 were measured in the summer
months, a value of -0.1 °IF was used for the evaluation.

Figure 4-41 Tank 241-AW-103 August 31, 1999, Waste Temperaturc Profile.
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Figure 4-42 Tank 241-AW-103 Supernatant and Vapor Space Temperatures.
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The Tank 241-AW-103 vapor space CO; concentration predicted by the mechanistic depletion
model was 239 ppm.

4.3.10.4 Tank 241-AW-104

The Tank 241-AW-104 waste volume and supernatant OH™ ion concentration are shown in
Figure 4-43 (TWINS 2007). The measured OH’ ion data is shown in Table 4-11 (TWINS 2007).
From the data, there is evidence of waste layering, with an upper dilute supernatant layer and
layers of increasing OH™ ion concentration deeper in the tank. The OH ion concentration of the
supernatant layer exposed to the tank vapor space is low, just under 0.07 M.
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Figure 4-43 Tank 241-AW-104 Waste Volume and Supernatant Hydroxide Data.
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Table 4-11 Tank 241-AW-104 Measured Hydroxide Concentrations.

Tank Name | SS8°ENION | TR | Value | Molarity | Value Event

241-AW-104 | Grab Sample | 7/13/99 1130 0.066 HNF-1677, Rev.0 | 4AW-99-1
241-AW-104 | Grab Sample | 7/13/99 1120 0.066 HNF-1677, Rev.0 | 4AW-99-1
241-AW-104 | Grab Sample | 7/13/99 1140 0.067 0.068 HNF-1677, Rev.0 | 4AW-99-2
241-AW-104 | Grab Sample | 7/13/99 1180 0.069 HNF-1677, Rev.0 | 4AW-99-2
241-AW-104 | Grab Sample | 7/13/99 1130 0.066 HNEF-1677, Rev.0 | 4AW-99-3
241-AW-104 | Grab Sample | 7/13/99 1210 0.071 HNF-1677, Rev.) | 4AW-99-3
241-AW-104 | Grab Sample | 7/13/99 2380 0.140 N/A HNF-1677, Rev.0 | 4AW-99-4
241-AW-104 | Grab Sample | 7/13/99 2380 0.140 N/A IINF-1677, Rev.0 | 4AW-99-4
241-AW-104 | Grab Sample | 7/13/99 11700 0.688 N/A HNF-1677, Rev.0 | 4AW-99-5
241-AW-104 | Grab Sample | 7/13/99 12100 0.712 N/A HNE-1677, Rev.0 | 4AW-99-5

The waste temperature profile is shown in Figure 4-44 (TWINS 2007). The supernatant and

vapor space temperatures are shown in Figure 4-45 (TWINS 2007). The vapor space

temperature exceeds the supernatant temperature in the summer and carly fall. However, for
most of the year the supernatant temperature exceeds the vapor space temperature by 1 to 2 °F.
A value of 1.5 °F is used for the evaluation.
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Figure 4-44 Tank 241-AW-104 August 27, 1999, Waste Temperature Profile.

i l
i- —=
-l T |
t =

Figure 4-45 Tank 241-AW-104 Supernatant and Vapor Space Temperatures.
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The predicted Tank 241-AW-104 vapor space CO, concentration is 140 ppm.
43.105 Tank 241-AW-105
The Tank 241-AW-105 waste volume and supematant OH ™ ion concentration are shown in

Figure 4-46 (TWINS 2007). The supernatant OH™ data are given in Table 4-12 (TWINS 2007).
The supernatant OH ion concentration is 0.25 M.
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Figure 4-46 Tamnk 241-AW-105 Wastf Volume and Supernatant Hydroxide Data.
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Table 4-12 Tank 241-AW-105 Measured Hydroxide Concentrations.

241-AW-105 _ Liquid 9/3/01 4290 0.25 FH-0106496 295 1
Figure 4-47 Tank 241-AW-105 Waste Temperature Profile.
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Figure 4-48 Tank 241-AW-105 Supernatant and Vapor Space Temperatures.
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The Tank 241-AW-105 waste temperature profile is shown in Figure 4-47 (TWINS 2007). The
supernatant and vapor space temperatures are shown in Figure 4-48 (TWINS 2007). The
supernatant temperature is low and the supernatant/vapor space temperature difference is small.
For much of the year the vapor space temperature exceeds the supernatant temperature. A
temperature difference of -0.1 °F was used for the evaluation.

The Tank 241-AW-1035 vapor space CO» concentration predicted by the mechanistic depletion
model is 239 ppm.

4.3.10.6 Tank 241-AW-106

The Tank 241-AW-106 waste volume and supernatant OH ion concentration are shown in
Figure 4-49 (TWINS 2007). The OH" ion data are given in Table 4-13 (TWINS 2007).

Tank 241-AW-102 waste was concentrated at 242-A Evaporator and transferred into

Tank 241-AW-106 before the June 14, 2000, 241-AW Farm ventilation system CO;
measurement shown in Figure 4-36. Table 4-9 shows that the Tank 241-AW-102 supernatant
OH’ ion concentration before waste volume reduction was near the Tank 241-AW-106
supernatant OH" ion concentration shown in Table 4-13. The supernatant OH" ion concentration
would be expected to be greater than 0.6 M after accounting for waste evaporation. A OH ion
concentration of 0.6 M is used in the evaluation.
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Figure 4-49 Tank 241-AW-106 Waste Veolume and Supernatant Hydroxide Data.
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' Table 4-13 Tank 241-AW-106 Measured Hydroxide Concentrations.

=

Grab Sample 1/12/98 8690 0.511

HNF-SD-WM-DP-303,

6AW-97-4

241-AW-106

|

|

| Rev.0

| 241-AW-106 | GrabSample | 1/12/08 | 9990 | 0.588 *“"F‘SD]'{?‘,M&D”“” 6AW-07-4
241-AW-106 | GrabSample | 1/1208 | 10400 | 0.612 HNF'SDgM(;D”m’ 6AW-97-5

0.576 '

241-AW-106 | GrabSample | 1/12/98 | 10200 | 0.600 HNESDWARDR03. | sawars
241-AW-106 | GrabSample | 171208 | 9710 | 0571 o 303, | saw-97-6

| 241-AW-106 | GrabSample | 171298 | 9780 | 0575 m@-smnr—sos » | 6AW-97-6
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Figure 4-50 Tank 241—AW-106_ E\Jaut_e Temperature Profile.
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The waste temperature profiles for the three 241-AW Farm ventilation system CO,; measurement
dates shown in Figure 4-36 are shown in Figure 4-50 (TWINS 2007). The temperature
difference between the supernatant and vapor space is small. A value of 0.1 °F is used for the
evaluation.

The vapor space CO; concentration predicted by the mechanistic depletion model is 109 ppm.
4.3.10.7 241-AW Farm Ventilation System Results

The predicted 241-AW Farm tank vapor space CO; concentrations discussed in the previous
sections are averaged using the Table 4-7 tank ventilation flow rates as weighting factors. The
predicted and measured ventilation CO; concentration are shown in Figure 4-51. There is good
agreement between the predicted and measured values. This demonstrates that the vapor space
CO; concentrations for all the 241-AW Farm tanks are well predicted by the mechanistic
depletion model.
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Figure 4-51 241-AW Farm Predicted and Measured Ventilation CO; Concentration.
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4.3.11 Tank 241-AN-101

The Tank 241-AN-101 vapor space CO; data are shown in Figure 4-52 (TWINS 2007). The
average CO; concentrations in March and April 1998 are ncar 50 ppm. The average CO,
concentration starting in June 1998 is much higher, 290 ppm. An evaluation is performed for the
vapor space CO; for both measurement periods.

The waste volume and supernatant OH ion concentration are shown in Figure 4-53

(TWINS 2007). The OH ion data are given in Table 4-15 (TWINS 2007). From the data, there
is evidence of waste layering, with an upper dilute supernatant layer and layers of increasing OH
ion concentration deeper in the tank. The OH" ion concentration of the supernatant layer exposed
to the tank vapor space during the measurement period shown in Figure 4-52 is 0.38 M. The
Tank 241-AN-101 waste volume is small, only about 160 in. of waste.

Table 4-14 summarizes the individual tank ventilation flow rates for the 241-AN Farm. The
241-AN Farm tanks have individual flow control stations, which maintain constant inlet filtered
flow rates. The flow control station configurations are shown in Table 4-14 with the associated
installation Engineering Change Notice (ECN) number and date. The estimated average total
241-AN Farm ventilation flow is ncar 764 c¢fm, RPP-7171. The difference between the total
flow rate and the total flow control station flow rates is the unfiltered in-leakage. The lower
portion of Table 4-14 gives the estimated tank total flow rates. The total in-lcakage flow is
proportioned equally to the individual tanks.
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Table 4-14 241-AN Farm Tank Ventilation Flow Rates.

Tank Flow Control Station Ventilation Flow (cfm) Total
Flow | Average
ECN ECN Control | 'Total
Number Date AN101 | AN102 | AN103 | AN104 | AN105 | AN106 | AN107 | Station Flow
Flow (efm)
(cfm)
710248 | 5/6/1999 60 60 100 100 100 60 60 540 764
661166 | 8/31/2000 60 60 60 60 60 60 60 420 764
666412 | 5/7/2001 60 60 60 60 60 a0 90 450 764
666600 | 6/27/2001 60 90 60 60 60 60 60 450 764
Estimated Total Tank Ventilation Flow (¢fm)
f)f:: AN101 | AN102 | AN103 | AN104 | AN105 | AN106 | AN107
5/6/1999 92 92 132 132 132 92 92
8/31/2000 109 109 109 109 109 109 109
5/7/2001 105 105 105 105 105 105 135
6/27/2001 105 135 105 105 105 105 105
Figure 4-52 Tank 241-AN-101 Vapor Space C0;, Data.
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Figure 4-53 Tank 241-AN-101Waste Volume and Supernatant Hydroxide Data,

0.40 180
-
035 +p——a— — . 4 160
140
g 0.30
c —
H 120 ]
§ 0% = 2
= =
g e
2 020 = 5
5]
3 -80 >
o [
B o1 =
g B0 =
=
I o & Hydroxide 40
~@— Wasle Volume
0.05 - — 20
0.00 0

3HB/98 S5/508 62498 ©M3IVE 10298 11/21/98 1/10M8 3109 42099 6869

Table 4-15 Tank 241-AN-101 Measured Hydroxide Concentrations.

A Sample o et Averase . Shiinltig
TankName | ASE'SBSKON | EVM | Value | Molarity Velie | Dvm vent
241-AN-101 | Grab Sample | 4/8/98 6580) 0.387 0.381 HNF-1640 Rev., 0 1AN-98-1
241-AN-101 | Grab Sample | 4/8/98 6370 0.375 ) HNF-1640 Rev.0 | 1AN-98-1
241-AN-101 Grab Sample 4/8/98 26600 1.565 HNF-1640 Rev. 0 1AN-98-2
241-AN-101 | Grab Sample | 4/8/98 26800 1.576 [INF-1640 Rev. 0 1AN-98-2
241-AN-101 | Grab Sample | 4/8/98 34100 2.006 HNF-1640 Rev. 0 1AN-98-3
241-AN-101 Grab Sample 4/8/98 32100 1.888 HNF-1640 Rev. 0 1AN-98-3

The Tank 241-AN-101 June 9, 1998, waste temperature profile is shown in Figure 4-54

(TWINS 2007). The vapor space and supernatant temperatures are shown in Figure 4-55

(TWINS 2007). The supernatant/vapor space temperature difference is also shown in

Figure 4-55. During the period that the vapor space CO; data was near 50 ppm, the temperature

difference was small but positive (supernatant temperature greater than the vapor space

temperature). A value of 0.04 °F was used for this period. During the period corresponding to
the summer and early fall, where the vapor space CO; concentrations are much higher, the
supernatant/vapor space temperature difference is small and negative (vapor space temperature
greater than supernatant). A value of -0.01 °F was used for the evaluation. During this period
the mass transfer coefficient is smaller since the mass transfer coefficient is a function of the
temperature difference.
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Figure 4-54 Tank 241-AN-101Waste Temperature Profile.
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Figure 4-55 Tank 241-AN-101 Supernatant and Vapor Space Temperatures.
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Figure 4-56 Tank 241-AN-101 Predicted and Measured Vapor Space CO, Concentrations.
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The mechanistic depletion model is used to predict the vapor space CO; concentration for the
two periods discussed above. The results of the analyses are compared with the average
measured data in Figure 4-56. During the first period the CO, mass transfer is only limited by
the ventilation air supply. Consequently, the vapor space CO, concentration is low. During the
second period the CO, mass transfer rate is limited by the vapor side mass transfer. The vapor
space CO» concentration is much larger during this period. There is good agreement with the
predicted and measured values for the periods.

4.3.12 Tank 241-AN-103

The Tank 241-AN-103 vapor space CO; data are shown in Figure 4-57 (TWINS 2007). The
average value is 355 ppm. The waste volume and supernatant OH' ion concentrations are shown
in Figure 4-58 (TWINS 2007). The supernatant OH™ ion concentration is quite high, greater
than 5.0 M, as shown in Table 4-16 (TWINS 2007).
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Figure 4-57 Tank 241-AN-103 Vapor Space CO; Data,
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Figure 4-58 Tank 241-AN-103 Waste Volume and Supernatant Hydroxide Data.
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Table 4-16 Tank 241-AN-103 Measured Hydroxide Concentrations.

" 241-AN-103 CDL Core | o136 | 104000 | 6.11 WMH-9859035 166

omposite
DL Core

241-AN-103 ° | onaws | 100000 | 588 WMI-9859035 166
DL Core

u1-AN-103 | PLCO | o396 | 91700 539 WMH-9859035 166
DL Core FINE-SD-WM-DP-

241-AN-103 | Dncor 91396 | 99700 5.86 s s 166
DL Core .

241-AN-103 | D=0 91396 | 95600 5.62 WMH-9859035 166
DL Core

241-AN-103 | 2EP0E | 91396 | 108000 | 635 WMH-9859035 166

241-AN-103 | PLCor | 94306 | 99000 5.82 WMH-9859035 166
Composite
DL Core : TINF-SD-WM-DP-

LAN03 | 00 | 913196 | 96700 5.69 i 166
Segment

241-AN-103 5o 2900 | 67300 3.96 FIL-0201779 274

3.6
241-AN-103 Séé”ﬁ“ 2/9/00 67300 3.96 FH-0201779 274

The January 1, 1998, waste temperature profile is shown in Figure 4-59. There is a steep
temperature gradient near the waste surface. This is the result of a surface crust. The
mechanistic depletion model assumes molecular diffusion through the crust region. The crust
thickness based upon the waste temperature profile is at least 25 in. The same empirical porosity
value for the crust which was determined for Tank 241-SY-101, Section 4.3.5, is used for the
Tank 241-AN-103 surface crusts.

Figure 4-59 Tank 241-AN-103 January 1, 1998, Waste Temperature Profile.

500 -
450
m_
3485
350 4
g n-
=
250 —— 111728
a0 —— Waste Level
150
100
m-
ﬂ- ¥ L 1
70 3 80 85 80 65 100 105 110 115
Temperature (F)

91




Page 103 of 440 of DAOB0Z23333

RPP-26676 Rev 1

The supernatant and vapor space temperatures are shown in Figure 4-60 (TWINS 2007). The
average supernatant and vapor space temperature difference is 1.8 °F.

Figure 4-60 Tank 241-AN-103 Supernatant and Vapor Space Temperatures.
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The mechanistic depletion model is used to predict the vapor space CO; concentration for
Tank 241-AN-103. The CO, mass transfer for this tank is limited by the mass transfer through
the surface crust. The predicted vapor space CO; concentration is compared to the average
measured data in Figure 4-61. There is good agreement with the data.

Figure 4-61 Tank 241-AN-103 Vapor Space CO, Data.

g

588 8 8

ANTIOC

Carbon Dioxide (ppm)

160 = = = =Avernge SHMWS Do

12793 1217134 12/7/85 12/6/86 12/6/97 12/6/98 12/8/89 |

92



Page 104 of 440 of DA0B0Z23333

RPP-26676 Rev 1

4,3.13 Tank 241-AN-104

Tank 241-AN-104 supernatant OH" ion depletion is evaluated in Section 3.2.1. The analysis is
used to determine the vapor space CO, concentration. The vapor space CO, data are shown in
Figure 4-62 (TWINS 2007). Tank 241-AN-104 has a surface crust. This crust limits the OH ion
mass transfer on the liquid side, which greatly reduces the CO, absorption rate. As a result, the
vapor space CO; concentration is high. The same empirical value for the crust porosity which
was determined for Tank 241-SY-101, Section 4.3.5, is used for the Tank 24 1-AN-103 surface

crusts

Figure 4-62 Tank 241-AN-104 Measured Vapor Space CO; Concentrations.
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The predicted vapor space CO; concentration based upon the mechanistic depletion model
analyses presented in Section 3.2.1 is shown in Figure 4-62. The predicted vapor space
CO; concentration is 342 ppm. This is in excellent agreement with the data.

4.3.14 Tank 241-AN-105

Tank 241-AN-105 supernatant OH' ion depletion is evaluated in Section 3.2.2. The analysis is
used to determine the vapor space CO; concentration. The vapor space CO, data are shown in
Figure 4-63 (TWINS 2007). Tank 241-AN-105 has a surface crust. This crust limits the OH" ion
mass transfer on the liquid side, which greatly reduces the CO; absorption rate. As a result, the
vapor space CO, concentration is high. The same empirical porosity value for the crust which
was determined for Tank 241-SY-101, Section 4.3.5, is used for the Tank 24 1-AN-103 surface

crusts.
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The predicted vapor space CO, concentration based upon the mechanistic depletion model
analyses presented in Section 3.2.2 is shown in Figure 4-63. The predicted vapor space
CO; concentration is 350 ppm. There is good agreement with the predicted and measured

values.
Figure 4-63 Tank 241-AN-105 Measured Vapor Space CO, Concentrations.
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4.3.15 Tank 241-AN-106

The Tank 241-AN-106 measured vapor space CO; concentration for June 21, 2001, are shown in
Figure 4-64 (TWINS 2007). Only two measurements are available. The average vapor space
CO; concentration is near 300 ppm.

The Tank 241-AN-106 measured supernatant OH™ ion concentrations are shown in Figure 4-65

and Table 4-17 (TWINS 2007). The measured average OH ion concentration is 0.21 M. The
waste volume, also shown in Figure 4-65, is very small.

Figure 4-64 Tank 241-AN-106 Measured Vapor Space CO; Concentrations.
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Figure 4-65 Tank 241-AN-106 Waste Volume and Supernatant Hydroxide Data.
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Table 4-17 Tank 241-AN-106 Measured Hydroxide Concentrations.

" 241-AN-106 | Grab Sample | 9/401 | 3620 | 0213 ' FH-0106401 | 6AN-01-01

241-AN-106 | Grab Sample | 9/4/01 3310 0.195 0.207 FH-0106401 | 6AN-01-01
241-AN-106 | Grab Sample | 9/4/01 3690 0217 . FH-0106401 | 6AN-01-01
241-AN-106 | Grab Sample | 9/4/01 3470 0.204 FH-0106401 | 6AN-01-01

The Tank 241-AN-106 waste temperature profile is shown in Figure 4-66 (TWINS 2007). The
waste level is very low, near 14 in. The supernatant temperature is less than 65 °F and the
temperature difference between the supernatant and vapor space is very small. A value of

0.01 °F is used for the evaluation.

The vapor space CO; concentration predicted by the mechanistic depletion model is shown in
Figure 4-64. There is agreement with the predicted vapor space CO; concentration and the
minimum measured data point. The predicted vapor space CO; concentration is significantly
| lower than the average measured vapor space CO; concentration. The paucity of CO; presents a
| challenge in making comparison of the model result with the measured data. A value of
410 ppm could have been caused by sampling and/or analysis difficulties since the concentration
is considered higher than that of nominal atmospheric air.
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Figure 4-66 Tank 241-AN-106 June 21, 2001, Waste Temperature Profile.
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4.3.16 Tank 241-AN-107

The Tank 241-AN-107 measured vapor space CO, concentrations from March 1998 to
April 1999 are shown in Figure 4-67 (TWINS 2007). The average measured value during this

period is near 300 ppm.

Figure 4-67 Tank 241-AN-107 Measured Vapor Space CO, Concentration.
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The measured supernatant OH” ion concentration is shown in Figure 4-68 and Table 4-18
(TWINS 2007). The average of the measured data (0.0016 M) is used for the evaluation. The
OH' ion concentration is sufficiently low to cause carbonate buffering, reducing the CO, mass

transfer rate.
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Figure 4-68 Tank 241-AN-107 Waste Volume and Measured Hydroxide Data.
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Table 4-18 Tank 241-AN-107 Measured Hydroxide Concentrations.

Average

| Date (PH) >
241-AN-107 | Grab Sample 6/9/98 11.28 0.002 0.002 FII-0103281 | 7AN-98-38
241-AN-107 | Grab Sample 6/9/98 BIE3 0.002 ; FH-0103281 TAN-98-38
241-AN-107 | Grab Sample 2/5/01 10.94 0.0009 FH-0103281 TAN-01-01
241-AN-107 | Grab Sample | 2/5/01 10.88 0.0008 0.0011 | FH-0103281 TAN-01-06
241-AN-107 | Grab Sample 2/5/01 11.2 0.0016 FH-0103281 TAN-01-11

The Tank 241-AN-107 January 1, 1998, waste temperature profile is shown in Figure 4-69
(TWINS 2007). The supernatant and vapor space temperatures are shown in Figure 4-70
(TWINS 2007). The supernatant and vapor space temperature difference is approximately 5 °F.

97




Page 109 of 440 of DA06D23333

RPP-26676 Rev |

Figure 4-69 Tank 241-AN-107 Waste Temperature Profile.
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The mechanistic depletion model is used to predict the Tank 241-AN-107 vapor space

CO; concentration. The predicted CO concentration of 372 ppm is compared with the average
measured value in Figure 4-71. The predicted vapor space CO, concentration is higher than the
average measured data. However, both indicate high CO; concentrations which are primarily
due to the low OH" ion concentration, resulting in CO; buffering.
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Figure 4-71 Tank 241-AN-107 Predicted and Measured Vapor Space CO; Concentration.
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4.3.17 241-AN Farm Ventilation System Carbon Dioxide Evaluation

The 241-AN Farm ventilation system CO; concentration data are shown in Figure 4-72
(TWINS 2007). The ventilation air CO, concentrations are higher in 1999 compared to the
July 2000 measurements. The mechanistic depletion model is used to predict the ventilation air
CO; concentration for the two periods, January 1999 to July 1999, and July 2000. The vapor
space CO; concentration for each individual tank is predicted. The ventilation air

CO; concentration is then the flow weighted average of the individual tank vapor space

CO; concentrations. The individual tank flow rates shown in Table 4-14 are used for the

evaluation.

Figure 4-72 241-AN Farm Ventilation CO, Concentration.
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4.3.17.1 Tank 241-AN-101

Figure 4-73 shows the Tank 241-AN-101 waste temperature profiles in April 1999 and July 2000
(TWINS 2007). The supernatant/vapor space temperature difference near the waste surface is
very small in April 1999, less than 1 °F. This difference is larger on July 27, 2000, over 1 °F.
The CO; evaluation performed in Section 4.3.11 is used for the earlier period shown in

Figure 4-72. An additional mechanistic depletion model analysis is performed in the

July 27, 2000, time frame using a supernatant/vapor space temperature difference of 1 °F. The
supernatant OH" ion concentration for July 2000 is assumed to be near the value shown in

Figure 4-53.

Figure 4-73 Tank 241-AN-101 April 1999 and July 2000 Waste Temperature Profiles.
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43.17.2

Tank 241-AN-102

RPP-26676 Rev 1

Figure 4-74 and Table 4-19 shows the Tank 241-AN-102 supernatant OH" ion concentration
(TWINS 2007). The OH™ ion concentration is near 0.18 M in August 2000.

Figure 4-74 Tank 241-AN-102 Supernatant Hydroxide Data.
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The Tank 241-AN-102 waste temperature profile is shown in Figure 4-75 (TWINS 2007). The
supernatant temperature is approximately 85 °F with a supernatant/vapor space temperature
difference that exceeds 2 °F. The supernatant/vapor space temperature difference for the

April 1999 and July 27, 2000, periods shown in Figure 4-75 are essentially the same.

241-AN-102

Grab Sample

8/2/00

13.27

0.186

241-AN-102

Grab Sample

8/2/00

13.22

0.166

0.176

Table 4-19 Tank 241-AN-102 Measured Hydroxide Concentrations,

FH-0103058

2AN-00-9

Reissue
FH-0103058
Rei 2AN-00-9
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Figure 4-75 Tank 241-AN-102 Waste Temperature Profile.
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4.3.17.3 Tank 241-AN-103

The Tank 241-AN-103 waste temperature profiles during April 1999 and July 2000 are shown in
Figure 4-76 (TWINS 2007). Tank 241-AN-103 has a surface crust as discussed in

Section 4.3.12, which controls the CO; absorption rate for both periods shown in Figure 4-72.
The evaluation presented in Section 4.3.12 was used for the 1999 and July 2000 241-AN Farm
ventilation evaluation.

Figure 4-76 Tank 241-AN-103 April 1999 and July 2000 Waste Temperature Profiles.
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4.3.174 Tank 241-AN-104

The Tank 241-AN-104 waste temperature profiles during April 1999 and July 2000 are shown in
Figure 4-77 (TWINS 2007). Tank 241-AN-104 has a surface crust as discussed in Section 3.2.1,
which controls the CO; absorption rate for both periods shown in Figure 4-72. The evaluation

presented in Section 3.2.1 is used for the 1999 and July 2000 241-AN Farm ventilation
cvaluation.

Figure 4-77 Tank 241-AN-104 April 1999 and July 2000 Waste Temperature Profiles.
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4.3.17.5 Tank 241-AN-105

The Tank 241-AN-105 waste temperature profiles during April 1999 and July 2000 are shown in
Figure 4-78 (TWINS 2007). Tank 241-AN-105 has a surface crust as discussed in Section 3.2.2,
which controls the CO;, absorption rate for both periods shown in Figure 4-72. The evaluation

presented in Section 3.2.2 is used for the 1999 and July 2000 241-AN Farm Ventilation system
evaluation.

103



Page 115 of 440 of DA0B0Z23333

RPP-26676 Rev 1

Figure 4-78 Tank 241-AN-105 April 1999 and July 2000 Waste Temperature Profiles.
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4.3.17.6 Tank 241-AN-106

The Tank 241-AN-106 waste temperature profiles during April 1999 and July 2000 are shown in
Figure 4-79 (TWINS 2007). There is little difference in the supernatant/vapor space temperature
differences for the two periods shown in Figure 4-72, The evaluation presented in Section 4.3.15
is used for the 241-AN Farm ventilation evaluation for 1999 and July 2000.

Figure 4-79 Tank 241-AN-106 April 1999 and July 2000 Waste Temperature Profiles.
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4.3.17.7 Tank 241-AN-107

The Tank 241-AN-107 waste temperature profiles during April 1999 and July 2000 are shown in
Figure 4-80 (TWINS 2007). There is little difference in supernatant temperatures or
supernatant/vapor space temperatures for the two periods shown in Figure 4-72. The evaluation
presented in Section 4.3.16 is used for the 241-AN Farm ventilation evaluation for 1999 and
July 2000.

Figure 4-80 Tank 241-AN-107 April 1999 and July 2000 Waste Temperature Profiles.
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43.17.8 241-AN Farm Ventilation System Results

The mechanistic depletion model is used to predict the individual tank vapor space

CO; concentrations for 1999 and July 2000. A flow weighted average provides a prediction of
the 241-AN Farm ventilation air CO; concentrations for 1999 and July 2000. The results of the
predicted ventilation air CO;, concentration of 276 ppm are compared with the average measured
data in Figure 4-81. There is reasonable agreement with the 1999 measured data. The predicted
CO; concentration for July 2000 is 244 ppm, which is greater than the measured data.
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Figure 4-81 241-AN Farm Predicted and Measured Ventilation CO, Concentration.
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4.3.18 Tank 241-AP-101

The Tank 241-AP-101 measured vapor space CO; concentrations for July 10, 2001, are shown in
Figure 4-82 (TWINS 2007). The average value is 250 ppm. The mechanistic depletion model is
used to predict the Tank 241-AP-101 vapor space CO; concentration.

Figure 4-82 Tank 241-AP-101 Measured Vapor Space CO, Concentration.
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The Tank 241-AP-101 supernatant OH ion concentration data for the December 1, 2000, sample
event are shown in Figure 4-83 and Table 4-20 (TWINS 2007). Table 3-5 gives the data for the
April 1, 2004, sample event shown in Figure 4-83. The supernatant OH™ ion concentration is

high, 2.3 M.
Figure 4-83 Tank 241-AP-101 Waste Volume and Supernatant Hydroxide Data.
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Table 4-20 Tank 241-AP-101Measured HydroxideConcentrations.

it N | Aggregaten o Sample | Mensured | | ATERGE | pocumnt
241-AP-101 | Liq Tank Composite /0 37800 2.22 RPP-8866, Rev. 0
241-AP-101 Lig Tank Composite | 12/1/00 37200 2.19 RPP-8866, Rev. 0
241-AP-101 Tank Composite 12/1/00 41100 242 234 PNNL-13354
241-AP-101 Tank Composite 12/1/00 42300 2.49 PNNL-13354
241-AP-101 Tank Composite 12/1/00 40500 2.38 PNNL-13354

The Tank 241-AP-101 July 9, 2001, waste temperature profile is shown in Figure 4-84

(TWINS 2007). There are no temperature data available for the vapor space CO, measurement
data of July 10, 2001. The supernatant/vapor space temperature difference is small and the vapor
space temperature is larger than the supernatant. A value of 0.01 °F is used for the evaluation.
This results in a low vapor side mass transfer coefficient.
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Figure 4-84 Tank 241-AP-101 July 9, 2001, Waste Temperature Profile.
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The mechanistic depletion model is used to predict the Tank 241-AP-101, vapor space

CO; concentration for July 10, 2001. The predicted CO; concentration of 154 ppm is compared
with the measured data in Figure 4-85. There is general agreement with the average data.
However, the agreement is better with the lower measured value. The lower measured value is
more consistent with both the measured Tank 241-AP-104 and 241-AP Farm ventilation system
CO; concentrations discussed in Section 4.3.20 and 4.3.22, respectively.

Figure 4-85 Tank 241-AP-101 Predicted and Average Measured Vapor Space CO; Concentration.
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4.3.19 Tank 241-AP-102

The Tank 241-AP-102 measured vapor space CO> concentrations for March 28, 2001, arc shown
in Figure 4-86 (TWINS 2007). The measured values are 230 ppm. The mechanistic depletion
model is used to predict the Tank 241-AP-102 vapor space CO; concentration.

Figure 4-86 Tank 241-AP-102 Measured Vapor Space CO, Concentration.
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The Tank 241-AP-102 supernatant OH' ion concentration data are shown in Table 4-21 and
Figure 4-87 (TWINS 2007). The supernatant OH" ion concentration is 0.53 M.
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Table 4-21 Tank 241-AP-102 Measured Hydroxide Concentrations.

241-AP-102 | Grab Sample | 4/28/93 8940 0.526 WHC-SD-WM-DP-046, Rev. 0 G323
241-AP-102 | Grab Sample | 4/28/93 8940 0.526 WHC-SD-WM-DP-046, Rey. 0 G299
241-AP-102 | Grab Sample | 4/28/93 9130 0.537 WHC-SD-WM-DP-046, Rev. 0 G303
241-AP-102 | Grab Sample | 4/28/93 9520 0.560 WHC-SD-WM-DP-046, Rev. 0 G305
241-AP-102 | Grab Sample | 4/28/93 9470 0.557 WHC-SD-WM-DP-046, Rev. 0 G306
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G308
241-AP-102 | Grab Sample | 4/28/93 9400 0.553 WHC-SD-WM-DP-046, Rev. 0 G309
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G311
241-AP-102 | Grab Sample | 4/28/93 9200 0.541 WIHC-SD-WM-DP-046, Rev. 0 G313
241-AP-102 | Grab Sample | 4/28/93 9330 0.549 WHC-SD-WM-DP-046, Rev. 0 G315
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G318
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G319
241-AP-102 | Grab Sample | 4/28/93 8690 0.511 WHC-SD-WM-DP-046, Rev. 0 G310
241-AP-102 | Grab Sample | 4/28/93 8810 0.518 WHC-SD-WM-DP-046, Rev. 0 G323
241-AP-102 | Grab Sample | 4/28/93 7910 0.465 WHC-SD-WM-DP-046, Rev. 0 G302
241-AP-102 | Grab Sample | 4/28/93 9330 0.549 0.535 WHC-SD-WM-DP-046, Rev. 0 G302
241-AP-102 | Grab Sample | 4/28/93 9400 0.553 WHC-SD-WM-DP-046, Rev. 0 G323
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G299
241-AP-102 | Grab Sample | 4/28/93 8940 0.526 WHC-SD-WM-DP-046, Rev. 0 G303
241-AP-102 | Grab Sample | 4/28/93 9010 0.530 WHC-SD-WM-DP-046, Rev. 0 G305
241-AP-102 | Grab Sample | 4/28/93 9200 0.541 WHC-SD-WM-DP-046, Rev. 0 G306
241-AP-102 | Grab Sample | 4/28/93 9200 0.541 WHC-SD-WM-DP-046, Rev. 0 G308
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. ) G309
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G311
241-AP-102 | Grab Sample | 4/28/93 9200 0.541 WHC-SD-WM-DP-046, Rev, 0 G313
241-AP-102 | Grab Sample | 4/28/93 9150 0.538 WHC-SD-WM-DP-046, Rev. 0 G315
241-AP-102 | Grab Sample /28/93 9270 0.545 WIIC-SD-WM-DP-046, Rev. 0 G318
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G319
241-AP-102 | Grab Sample | 4/28/93 8940 0.526 WHC-SD-WM-DP-046, Rev. 0 G310
241-AP-102 | Grab Sample | 4/28/93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G323
241-AP-102 | Grab Sample | 4/28/93 8810 0.518 WHC-SD-WM-DP-046, Rev. 0 G302
241-AP-102 | Grab Sample | 4/28/93 9330 0.549 WHC-SD-WM-DP-046, Rev. 0 G302
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Figure 4-87 Tank 241-AP-102 Waste Volume and Supernatant Hydroxide Data.
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The Tank 241-AP-102 March 26, 2001, waste temperature profile is shown in Figure 4-8
(TWINS 2007). The supernatant/vapor space temperature difference is small, less than 1°F. A
value of 0.01 °F is used for the evaluation. This results in a low vapor side mass transfer
coefficient.

Figure 4-88 Tank 241-AP-102 March 26, 2001, Waste Tempcrature Profile.
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The mechanistic depletion model is used to predict the Tank 241-AP-102 vapor space

CO; concentration for March 28, 2001. The predicted CO, concentration of 156 ppm is
compared with the average measured data in Figure 4-89. There is reasonable agreement with
the measured data.
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Figure 4-89 Tank 241-AP-102 Predicted and Measured Vapor Space CO, Concentration.
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4.3.20 Tank 241-AP-104

The Tank 241-AP-104 measured vapor space CO; concentrations for November 28, 2000, are
shown in Figure 4-90 (TWINS 2007). The measured average value is 155 ppm. The
mechanistic depletion model is used to predict the Tank 241-AP-104 vapor space

CO; concentration.

Figure 4-90 Tank 241-AP-104 Measured Vapor Space CO; Concentration,
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The Tank 241-AP-104 supernatant OH™ ion concentration data arc shown in Table 4-22 and
Figure 4-91 (TWINS 2007). The average supernatant OH™ ion concentration is ncar 1.3 M.

Figure 4-91 Tank 241-AP-104 Waste Volume and Supernatant Hydroxide Data.
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The Tank 241-AP-104 November 27, 2000, waste temperature profile is shown in Figure 4-92
(TWINS 2007). The waste temperature profile for May 8, 2004, is also shown because more
thermocouple data are available. The temperature throughout the waste is nearly uniform. The
supernatant/vapor space temperature difference is small and assumed to be less than 1°F.
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Consistent with the other 241-AP Farm tanks, Tank 241-AP-104 has a low tank heat load and,
therefore, low heat and mass transfer rates at the liquid/vapor interface. A small
supernatant/vapor space temperature difference (0.01 °F) will be used for the mechanistic
depletion model.

Figure 4-92 Tank 241-AP-104 November 27, 2000, Waste Temperature Profile.
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The mechanistic depletion model is used to predict the Tank 241-AP-104 vapor space

CO; concentration for November 28, 2000. The predicted CO, concentration is compared with
the average measured data in Figure 4-93. The predicted vapor space CO; concentration is

157 ppm. This is in excellent agreement with the average measured data.

Figure 4-93 Tank 241-AP-104 Predicted and Measured Vapor Space C0O; Concentration.
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4.3.21 Tank 241-AP-106
The Tank 241-AP-106 measured vapor space CO; concentrations for May 8, 2001, are shown in

Figure 4-94 (TWINS 2007). The average measured value is 250 ppm. The mechanistic
depletion model is used to predict the Tank 241-AP-106 vapor space CO, concentration.

Figure 4-94 Tank 241-AP-106 Measured Vapor Space CO, Concentration.
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The Tank 241-AP-106 supernatant OH ion concentration data are shown in Table 4-23 and
Figure 4-95 (TWINS 2007). Wastc from Tank 241-8Y-102 was transferred in Tank 241-AP-106
in March 2000 as shown in Figure 4-95. The supernatant OH' ion concentration data shown in
Table 4-23 and Figure 4-95 is the Tank 241-SY-102 value prior to the transfer. The average
value is 1.2 M.
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Figure 4-95 Tank 241-AP-106 Waste Volume and Supernatant Hydroxide Data.
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Table 4-23 Tank 241-AP-106 ’c‘lensu red Hydroxide Concentrations.

Average
.. o A TR ] [
TankName | Level | Date (ngmL) Molarity | (M) Location | EventName
241-8Y-102 | Grab Sample | 2/25/00 11400 0.67 HNF-1699 Rev. 0 28Y-00-1
241-SY-102 | Grab Sample | 2/25/00 24000 1.41 HNF-1699 Rev. 0 25Y-00-4
241-SY-102 | Grab Sample | 2/25/00 18800 1.11 HNF-1699 Reyv. 0 28Y-00-3
241-SY-102 | Grab Sample | 2/25/00 24200 1.42 HNF-1699 Rev. 0 28Y-00-5
241-8Y-102 | Grab Sample | 2/25/00 22600 1.33 HNF-1699 Rev. 0 25Y-00-4
241-SY-102 | Grab Sample | 2/25/00 18800 | HNF-1699 Rev. 0 28Y-00-2
241-SY-102 | Grab Sample | 2/25/00 25400 1.49 124 HNEF-1699 Rev. 0 28Y-00-5
241-SY-102 | Grab Sample | 2/25/00 11500 0.68 HNF-1699 Rev. 0 258Y-00-1
241-8Y-102 | Grab Sample | 2/25/00 24400 1.44 HNF-1699 Rev. 0 25Y-00-4
241-SY-102 | Grab Sample | 2/25/00 18700 1.10 HNF-1699 Rey. 0 28Y-00-3
241-8Y-102 | Grab Sample | 2/25/00 24700 1.45 HNF-1699 Rev. 0 28Y-00-5
241-8Y-102 | Grab Sample | 2/25/00 24600 1.45 HNF-1699 Rev. 0 25Y-00-4
241-8Y-102 | Grab Sample | 2/25/00 18800 1.11 HNF-1699 Rev. 0 28Y-00-2
241-8Y-102 | Grab Sample | 2/25/00 26100 1.54 HNF-1699 Rev. 0 28Y-00-5

The Tank 241-AP-106 May 9, 2001, waste temperature profile is shown in Figure 4-96
(TWINS 2007). The supernatant/vapor space temperature difference is small. A temperature
difference of 0.01 °F will be used, which is consistent with the other 241-AP Farm tanks.
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Figure 4-96 Tank 241-AP-106 May 9, 2001 Waste Temperature Profile.
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The mechanistic depletion model is used to predict the Tank 241-AP-106 vapor space

CO; concentration for May 8, 2001. The predicted CO; concentration of 157 ppm is compared
with the measured data in Figure 4-97. There is general agreement with the average data and
excellent agreement with the lower data point. Both data points were measured within 5 minutes
and should be nearly the same. The upper data may have been compromised in some way since
its value is near ambient conditions. The lower data point is consistent with the Tank 241-AP-
104 data shown in Figure 4-90.

Figure 4-97 Tank 241-AP-106 Predicted and Measured Vapor Space CO; Concentration.
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4.3.22 241-AP Farm Ventilation System Carbon Dioxide Evaluation

Figure 4-98 shows the measured 241-AP Farm ventilation air CO, concentration for

June 22, 2000 (TWINS 2007). The average measured concentration is 175 ppm. The
mechanistic depletion model is used to predict the ventilation air CO, concentration. The
calculated vapor space CO, concentration for Tanks 241-AP-101, 241-AP-102, 241-AP-104 and
241-AP-106 presented in the previous sections are used for the ventilation air evaluation.
Additional analyses are performed in this section for the remaining 241-AP Farm tanks.

Figure 4-98 241-AP Farm Ventilation C0O, Concentration.
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4.3.22.1 Tank 241-AP-103

The 241-AP-103 waste volume and supernatant OH' ion concentration are shown in Figure 4-99
and Table 4-24 (TWINS 2007). Supernatant OH™ ion concentration is near 0.6 M.,
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Figure 4-99 Tank 241-AP-103 Waste Volume and Supernatant Hydroxide Data.
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Table 4-24 Tank 241-AP-103 Measured Hydroxide Concentrations.

241-AP-103 | Grab Sample | 8§/12/99 8890 0.523 HNF-1683 Rev. 0 | 3AP-99-1
241-AP-103 | Grab Sample | 8/12/99 9560 0.562 HNF-1683 Rev. 0 | 3AP-99-3
241-AP-103 | Grab Sample 8/12/99 9970 0.586 0.550 HNF-1683 Rev. 0 | 3AP-99-2
241-AP-103 | Grab Sample 8/12/99 9500 0.559 IINF-1683 Rev. 0 | 3AP-99-]
241-AP-103 | Grab Sample 8/12/99 9290 0.546 HNF-1683 Rev. 0 | 3AP-99-3
241-AP-103 | Grab Sample 8/12/99 9830 0.578 HNF-1683 Rev. 0 | 3AP-99-2

Figure 4-100 shows the Tanks 241-AP-103 waste temperature profile for June 19, 2000, and
June 17, 2002 (TWINS 2007). Consistent with the other 241-AP Farm tanks, the
supernatant/vapor space temperature difference is small. A value of 0.01 °F is used for the
evaluation. The mechanistic depletion model is used to predict the Tank 241-AP-103 vapor
space CO; concentration for June 22, 2000. The predicted CO; concentration is 155 ppm.
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Figure 4-100 Tank 241-AP-103 Waste Temperature Profile.
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4.322.2 Tank 241-AP-105

The 241-AP-105 waste volume and supernatant OH’ ion concentration are shown in
Figure 4-101 and Table 4-25 (TWINS 2007). The supernatant OH" ion concentration is

over 2 M.

Figure 4-101 Tank 241-AP-105 Waste Volume and Supernatant Hydroxide Data.
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Table 4-25 Tank 241-AP-105 Measured Hydroxide Concentrations.

2/26/02 34900 2,052 N/A FH-0202231 301 1R

241-AP-105

Figure 4-102 shows the Tanks 241-AP-105 waste temperature profile for June 26, 2000. The top
thermoacouple shown in Figure 4-102 is just above the waste surface. Consistent with the other
241-AP Farm tanks, the supernatant/vapor space temperature difference is small. A value of
0.01 °F is used for the evaluation. The mechanistic depletion model is used to predict the

Tank 241-AP-105 vapor space CO; concentration for June 22, 2000. The predicted

CO; concentration is 153 ppm.

Figure 4-102 Tank 241-AP-105 Waste Temperature Profile.
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The 241-AP-107 waste volume and supernatant OH™ ion concentration are shown in
Figure 4-103 and Table 4-26 (TWINS 2007). Supernatant OH™ ion concentration is near 0.6 M.

Figure 4-103 Tank 241-AP-107 Waste Yolume and Supernatant Hydroxide Concentration.
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Table 4-26 Tank 241-AP-107 Measured Hydroxide Concentrations.

241-AP-107 | Grab Sample 8/30/99 9970 0.586 HNF-1689 Rev. 0 | 7AP-00-3C
241-AP-107 | Grab Sample | 8/30/99 9770 0.575 0.569 HNF-1689 Rev. 0 | 7AP-00-2C
241-AP-107 | Grab Sample | 8/30/99 9430 0.555 ! HNF-1689 Rev. 0 | 7AP-D0-4C
241-AP-107 | Grab Sample | 8/30/99 9500 0.559 HNF-1689 Rev. 0 | 7AP-00-3C

Figure 4-104 shows the Tanks 241-AP-107 waste temperature profile for June 19, 2000

(TWINS 2007). Consistent with the other 241-AP Farm tanks, the supernatant/vapor space
temperature difference is small. A value of 0.01 °F is used for the evaluation. The mechanistic
depletion model is used to predict the Tank 241-AP-107 vapor space CO; concentration for
June 22, 2000. The predicted CO; concentration is 155 ppm.
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Figure 4-104 Tank 241-AP-107 Waste Temperature Profile.
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43.22.4 Tank 241-AP-108

The 241-AP-108 waste volume and supernatant OH™ ion concentration are shown in
Figure 4-105 and Table 4-27 (TWINS 2007). Supernatant OH" ion concentration is 0.83 M.

Figure 4-105 Tank 241-AP-108 Waste Volume and Supernatant Hydroxide Data.
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108 Grab Sample | 3/1/00 14000 0.824
241-AP-

108 Grab Sample | 3/1/00 14700 0.865
241-AP-

108 Grab Sample | 3/1/00 13500 0.794
241-AP-

108 Grab Sample |  3/1/00 14400 0.847

Table 4-27 Tank 241-AP-108 Measured Hydroxide Concentrations.

0.832

HNF-1694 Rev. 0 | 8AP-00-2C
HNF-1694 Rev. 0 | 8AP-00-2C
HNF-1694 Rev. 0 | 8AP-00-1C
HINF-1694 Rev. 0 | 8AP-00-3C

Figure 4-106 shows the Tanks 241-AP-108 waste temperature profile for June 19, 2000

(TWINS 2007). Consistent with the other 241-AP Farm tanks, the supernatant/vapor space
temperature difference is small. A value of 0.01 °F is used for the evaluation. The mechanistic
depletion model is used to predict the Tank 241-AP-108 vapor space CO, concentration for
June 22, 2000. The predicted CO; concentration is 152 ppm.

Figure 4-106 Tank 241-AP-108 Waste Temperature Profile.
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43225 241-AP Farm Ventilation System Results

The mechanistic depletion model was used to predict the vapor space CO; concentration of the
individual tanks. The predicted 241-AP Farm ventilation air CO» concentration is the average of
the individual tank vapor space CO, concentrations since the ventilation flow rates are assumed
to be equal. The predicted and measured 241-AP Farm ventilation air CO, concentration is
shown in Figure 4-107. The predicted value is 155 ppm. This is in excellent agreement with the
average measured data value of 175 ppm.
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Figure 4-107 241-AP Farm Predicted and Measured Ventilation Air CO, Concentration.
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4.3.23 Summary of SRS and Hanford Site Data Evaluations

The mechanistic depletion model is benchmarked with SRS data, Hanford Site supernatant

OH ion concentration data, and Hanford Site DST vapor spaces and ventilation systems

CO; data, as presented in Sections 3.0 and Sections 4.1 through 4.3. The mechanistic depletion
model was benchmarked with nearly 50 data points. The results are summarized in Figure 4-108
by comparing the predicted OH™ ion depletion rate with the OH' ion depletion rate derived from
the data. The OH" ion depletion rate for the Hobbs data is derived using Equation 4-2, which is
an expansion of Equation 2-3.

(4-2) OHdEp hobbs = 2- xCO; bk 3 Cm'r i mel “F, data
Where:
OHdep,,,. = OH  ion depletion rate for the Hobbs data [mole/unit time]

Xco,,, .., —CO2 fraction in the ambient air
C,, =air molarity

Q... =ventilation flow rate [volume/unit time]
F o =SRS CO; absorption fraction data

The OH ion depletion rate for the Hanford Site supernatant OH” ion concentration data is
derived from the slope of a linear curve fit to the OH ion data (Sections 3.2).
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The OH ion depletion rate for the Hanford Site CO; data is derived by Equation 4-3.

X COy—data

xcozm‘r amb

OHdepcoz =2- x(_‘_‘oz Cm'r ' Qvenr ’ (l - )

(4-3)

air _amb

Where:
Olldep,,, =OH ion depletion rate for the Hanford Site CO; data [mole/unit time]

Xco, 4 =Hanford Site DST vapor space and ventilation system CO; data
(what about the air _amb term?)

Figure 4-108 shows the predicted OH ion depletion rate for the SRS and Hanford Site data. The
predicted values are compared to the derived OH ion depletion rates. The data are compared to
the perfect fit line. The Hanford Site CO;, data are plotted as individual tank data (vapor space
CO, data) and tank farm ventilation system data, which is the CO; concentration for the air
stream of the entire tank farm. The individual tank derived OH" ion depletion rates range from
just over 2000 mole/yr to 200,000 mole/yr. The tank farm ventilation system derived OH ion
depletion rates range from 90,000 mole/yr to over 240,000 mole/yr. There is good agreement
between the mechanistic depletion model predictions and the data for the individual tanks. The
agreement is also excellent for the tank farm data.

Figure 4-108 Summary of Mechanistic Depletion Model Evaluation of SRS and Hanford Site Data,
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The Hobbs model discussed in Section 2.0 was also used to predict the OH' ion depletion rates.
The Hobbs model is an empirical model derived from the SRS data. As an empirical model it is
valid within the context of the data from which it was derived. This model has been applied to
Hanford Site waste tank evaluations in the past. It is being replaced by the mechanistic depletion
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model. Figure 4-109 shows a summary of the predicted OH™ ion depletion rates using the Hobbs
model. The agreement with the SRS data is excellent since this is the data set used to derive the
empirical correlation of the Hobbs model. The agreement with the Hanford Site supernatant
OH’ ion data is also reasonable. However, the Hobbs model tends to over-predict the OH ion
depletion rates for the Hanford Site individual DST and tank farm ventilation system CO; data.
Because it is an empirical model, it is not applicable to the wide range of data represented in
Figure 4-109,

Figure 4-109 Summary of Hobbs Model Evaluation of SRS and Hanford Site Data.
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50 LABORATORY HYDROXIDE DEPLETION TESTS

A laboratory study was conducted to evaluate methods of measuring OH™ ion concentrations
below 0.01 M, FH-0302630, Report on the Evaluation of Potentiometric Titrations to Determine
Iydroxide. This study included an evaluation of effects of CO; absorption in a controlled
laboratory environment. A test was performed at a 0.01 M sodium hydroxide level in which a
small amount of the standard in a vial was exposed to the air by slowly stirring the sample. The
OII ion concentrations were measured at 20 minute intervals for the duration of the test. The
purpose of the test was to measure the effects of OH™ ion depletion by CO; absorption for small
laboratory samples.

5.1 TEST DESCRIPTION
The test was conducted by placing 10 mL of 0.01 M sodium hydroxide solution in a scintillation

vial, Carothers e-mail, Appendix C. A sketch of a typical scintillation vial is shown in
Figure 5-1. The sample was slowly stirred during the test.
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The measured OH' ion concentrations for the CO-, absorption test are shown in Table 5-1. These
data are shown graphically in Figure 5-2. The OH ion concentrations are measured every

20 min. during the duration of the one-hour test. The OH" ion concentration decreases by nearly
60% during the test, due to CO; absorption. The depletion rate is nearly constant during the test.
The average OH™ ion molar depletion rate is 0.000067 M/min as shown in Figure 5-2.

Figure 5-1 Scintillation Vial.
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Table 5-1 Laboratory Test Data.

T

0 0.00963
0 0.00976
20 0.00832
20 0.00855
40 0.00689
40
60
60

0.00727
0.00575
0.00561

52 LABORATORY TEST BENCHMARK ANALYSES

The mechanistic depletion model presented in Section 2.0 is used to predict the OH ion
depletion rate for the laboratory test. The OH' ion concentration is then calculated for each
20 min. interval.
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The CO; absorption is small due to the small sample size. The CO, concentration in the ambient
air of the laboratory would not be affected by the test. Therefore, an ambient CO; concentration
of 360 ppm was assumed for the analyses. The sample was slowly stirred during the test. The
OH' ion mass transfer cocfficient should then be based on convection rather than molecular

diffusion. Since the stirring was gentle, it is appropriate to base the mass transfer coefficient on
natural convection.

Figure 5-2 Comparison of Predicted and Measured Hydroxide Concentrations.
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The predicted OH" ion concentrations for the laboratory test are shown Figure 5-2. The predicted
OH' ion concentration decreases linearly at a rate slightly higher than the measured data. The
predicted average OH' ion depletion rate is 0.000074 M/min. This agrees well with the

0.000067 M/min rate derived from the data as shown in Figure 5-2. Therefore, the OH ion
depletion rate for this laboratory scale test is well predicted by the mechanistic depletion model.

6.0 TANK 241-AZ-102 CORE 317 SEGMENT 18 EVALUATION

6.1 BACKGROUND

On June 29, 2005, Core 317 was taken in Tank 241-AZ-102. When the top sludge segment,
Segment 18, was extruded in the hot cell, drainable liquid formed a pool on the tray holding the
extruded sample. Subsequent measurements of the OH  ion concentrations of the drainable
liquid and upper half Segment 18 interstitial liquid showed that the interstitial liquid OH ion
concentration was 0.01 M (pH 12), while the drainable liquid OH" ion concentration was
approximately 0.0032 M (pH 11.5). The minimum allowed OH" ion concentration by AC 5.16 is
0.01 M. The interstitial liquid trapped in the inner pores of the solid core remained isolated from
the ambient air; only the small fraction of interstitial liquid at the surface of the solid core was
exposed to the ambient air for the extended time period the sample was on the tray. It was
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postulated that the OH ion concentrations of the drainable liquid and interstitial liquid were
initially the same, given their common origin, but that the drainable liquid was depleted through
CO; absorption while the drainable liquid was on the tray in the hot cell.

An evaluation was completed using the mechanistic hydroxide depletion model (Section 2.0) and
documented in RPP-RPT- 27902, Assessment of Tank 241-AZ-102 Compliance with Technical
Safety Requirements Corrosion Mitigation Controls Chemistry Limits. The evaluation
determined how long it would take for the pH of the drainable liquid to drop from 12.0 (the
measured value for the interstitial liquid) to 11.5 (the measured value of the drainable liquid)
from exposure to the CO; from the hot cell ventilation air. This exposure time of the drainable
liquid to ambient air is estimated to be from 5 min. to 20 min.

6.2 EVALUATION RESULTS

The results of the Core 317, Scgment 18 evaluations, RPP-RPT-27902, are presented in

Figure 6-1. The figure shows the results of the predicted drainable liquid pH. The initial pH is
assumed to be the same as for Segment 18 upper half IL, pH 12. The drainable liquid pH is
predicted to decrease to the measured value of 11.5 in 5 to 15 minutes assuming that the
temperature difference between the drainable liquid and hot cell air temperature is 2 °F or
greater. Given the initial temperature of Segment 18 (~ 137 °F), and method and timeliness of
sample retrieval from the tank, packaging, transport to the hot cell, and extrusion (within a
5-hour period), a temperature difference of 10 °F or more does not seems unreasonable,

The analyses suggest that the measured pH for the drainable liquid compared to the interstitial
liquid is consistent with OH™ ion depletion that would be expected to occur in the hot cell as
predicted by the mechanistic hydroxide depletion model presented in Section 2.0.

Figure 6-1 Comparison Tank 241-AY-102 Predicted and Measured Hydroxide Concentrations.
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740  CONCLUSIONS

Both the Hobbs model and the mechanistic hydroxide depletion model provide reasonable
CO3 absorption fraction predictions for the SRS H-Area tanks and the Hanford Site DSTs.

The mechanistic hydroxide depletion model more accurately predicts the OH ion depletion
rate for the Hanford Site tanks as the model accounts for important physical parameters in
addition to OH 1on concentrations.

The mechanistic hydroxide depletion model has been implemented and used to evaluate

OH ion concentration long-term trends for some of the 28 DSTs. Continued application of
the model to address OH ion depletion in all non-operational DSTs will be beneficial in
determining an optimum sampling schedule for DSTs to verify continued compliance with
AC 5.16 chemistry control limits and plan preventative actions for tanks that are approaching
the chemistry limits.

The paucity, scatter and uncertainty in the Hanford Site DST OH’ ion concentration data used
to benchmark the mechanistic OH ion depletion model requires continued comparison of
model predictions with actual depletion rates determined from DST sample data to verify
accuracy of the model. This continued model improvement will satisty the following expert
panel findings from RPP-RPT-22126;

= “Core samples from the sludge will need to be withdrawn to establish that the
concentrations of the corrosion inhibitors (hydroxide ion and nitrite ion) are appropriate
for corrosion control and that their rates of consumption are suitably low,”

»  “Core sampling will also be necessary to verity the predictions of the combined chemical
consumption and chemical mixing model that will eventually be used to determine the
(sampling) scheduling frequency.”

Accurate vapor space and supernatant temperatures are required for applying the hydroxide
depletion madel to DSTs. Temperature instrumentation that provides capability to monitor
long-term trends and generate tank profiles needs to be maintained in operating condition
and, where absent, e.g., 241-AP Farm tank vapor space thermocouples, re-configured to
obtain the required measurements.

Accurate DST ventilation flow rate data are required for applying the hydroxide depletion
model to DSTs. Assumed ventilation flows need to be periodically verified either through
cngincering analysis, or preferably from field measurements, to provide updated inputs to the
model.

Consideration should be given for periodically obtaining CO; measurements of DST
ventilation air under test control conditions to reduce the uncertainty in the current

CO;, database and, thereby, improve the validation of the hydroxide depletion model and
confirm it accuracy. As a minimum, DST with no CO; or limited CO; data, as identified in
this repott, should have their headspace or ventilation air CO; concentrations measured,
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1.OINTRODUCTION

Administrative Control (AC) 5.16 is a part of the Technical Safety Requirements (TSRs) for the double-shell tanks (DSTs) and aging
waste facility (AWF) tanks, HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements. Administrative Control 5.16
requires a prygram be maintained to manage the DST waste chemistry to limit corresion of the primary tank wall. The technical
hasis for the chemistey conlrol program is documented in RPP-7795, Technical Basis for Chemistry Control Program.

Maintaining a minimum specified free hydroxide ion (OH-) concentration in DST waste is central to the chemistry control program.
The free OH- ion is consumed or depleted through chemical reactions. Chemical reactions include the depletion of free OH- ion
through the absorption of varbon dioxide (CO,) from the tank ventilation air. The current technical basis identifics the Hobbs
equatian as the free OH- depletion model for CO, absorption, DPST-87-596, Absorption of Carbon Dioxide in Waste Tanks (L),
The Hobbs modet is an empirical correlation of measured €O, absarption rate data (based on solution pH) for eight H-area 1anks
from the U.S. Department of Encrgy, Savannah River Site (SRS), The Hobbs comelation is not a mechanistic based model.

The objective of this document 15 to present a free hydroxide depletion model for carbon dioxide absorption which 1s
mechanistically based and which has been benchmarked using Hanford waste tank data.

The evaloation of the mechanistic hydroxide depletion model is documented in RPP-26676, Double-Shell Tank Hydroxide
Depletion Model for Carban Dioxide Absorption. The Hanford site tank data and the Savannah River Stte data used for the
evalnation and benchmark of the mechanistic mode! is provided in RPP-26676. This engineering notebook provides supportive
technical information.
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2.0 EVALUATION OF HOBBS DATA

2.1 HORBS DATA

A program was conducted in 1986 and 1987 at the SRS ta determine the mechanism and rate of OH- depletion through CO,
absorption, DPST-87-596. The program was conducted for H-area waste tanks. Data from the tests conducted during this program
were uscd to benchmark the mechanistic depletion madel. The data were obtained from DPST-87-596 and arc summarized in
RPP-26676.

Ventilation Flow Rates
Qsﬂ_duml = 430cfm

erl_dnuiz = 231cim

erl_dltaa = 430cfm

Qﬂ'L,dﬂ-ﬂ‘ = 266¢cfm

Qui_gata, = 336cfm

Qﬂ‘l data = 293ctm
SR

%1_“11 = 26dcfm

Qbﬂ_dﬂﬂh = 268cfm

Qg dua = 3licfm
= 4

0"‘“—"3“m = 351cim

OH Concentrations and Absorption Fractions
OHsrl_dulu] = 1'10_4

—

Fsrl_daml =
OHnﬂ_d.mz = 062

Kt dua = 4
OHMl_dua) = .13
l‘,,._“,’ = .58
oHsr[_ﬁa.‘ =25
FsrLdaul4 =.12
Ol{m_dm‘ = 40
Fq da = .70
OHy)_gota = 79
F,,;_qu =75
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OHg_guy, = 89
F“| _d,,,,? =.79
Uﬂsﬂ_m.s = .89

Fsrl_dnla“ = .80
OHurl__datag = 2.51

Fsrl_dnlug = .83

OHsrl_dmm = 6.31

Fsrl_ddnw =76

T“P_M| = 92F
T“p_ﬂ: := 10DF
T“P'ms = 116F
'I'sup_trl‘l = 91F

-l‘s"P-‘ﬂs = 91F

Tsnp_ﬂo = [139F
T:up_srl, = 109F

L sty = 108F
Taup st = 82F
Toup sl = 82F

The average temperature difference between the vapor space and supematant for the non-aging waste Hanfurd tanks (Section 3.3) is
used for the SRS tanks.

d‘l’m . hunford ~— 2.0F
The Hobbs correlation is given by, DPST-87-596,
Fronps(OH) = .165-[14 - hg(%D — 1.569
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l'srl_data =1.10

Tdome srl = Taup__srL — AT, hanford
T5ri_dute

T lsl g

Tdnma_srl =
Tsri_dera

a0 F
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2.2 PREDICTION OF ABSORPTION FRACTIONS FOR HOBBS DATA

Dk = 85ft
2.2,1 Tank 42H

iga = 1

Quent = Qs dara,

dala
ATy = ATye nunford
dT]iq = OF

Tep =T
sup !ﬂ.:;'i_m‘liﬂ‘l

™

OHga = OHgi g M

Dyjq = 4in

lgan = 1982yr

Al == 1986yT — tyan

Viupsat = 600kgal

mole
w

Vsupset

CO3srl = 3.522x 107°M
€03y = CO3stl

20
CO3sr =

At

The mechanistic depletion model is used 10 predict the CO2 absorption fraction for the SRS tests.
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Q:= Qg»g_.m.i
dia
Step 1 - Calculate the Liquid Side Mass "I'ransfer Rates

UHqu_masn_mnsfer = mL)l-l_l.u'.](‘QTIM.; ’ Tsup ' Dliq . Almk! OHllLlll * OHi _guenn)
C03||unn| transfer == O)COJ(ATH{] ' Taup' Dy iq* Avankr CO3pyiks C03i_5ul:.'m)

CO?'mm_lrsnsfcr_liq = mcm_liq(dThquuup'Dliq-Amnk-OHdma-OHl _guesx-C03hqu'(-:03i _gutss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 357ppm
OHdep o %H_air(ATsﬂ*Tsup' Diank Atanks OHi_guess+ CO3;_guess+ Xeo2 bulk gucss]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHy,
Xco2_bulk_calc = b Q."'-——2

Xeo2_bulk_cale = 359.924»[:901

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHd:p_bulk - Z-COLBN_W,“;“ lig

The rate that OH is depleted at the surface is

OHdcp,_surIa:c = Oﬂdep == OHrlcp bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHgep

2

F!ﬁ cale =
Tl X2 ambCair Quemt

Fut cae =2.115% 10 *

OHyepdus, = 2Fat data  "Xeo2_amb Cair' Quent
Yot | darn

OHJUP\-‘I'UH‘ — OHd:p
ta
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The depletion rate based upon the Hobbs model is
OHdephobbsid = 27(r:oz_a.mtzu'ca.ir'Q\wenfth:uh‘r:us[C'Hliam)

13

mnl

OHgep = 43.528 ?
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2.2.2 Tank 48H

Igaa =2

Quene = Qﬂr]_dut&
Tdata

Tsup = sup_srl.
Tdata

OHygtg = OHypy gate M
1dara

Copar -= 19R3yr

At = |986yr — tyay

Vups = 600kpal

mole
yr

50000
CO3s1l =

-At

Vsupsrl
CO3srl = 0.066 M
CO% . = CO3srl
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Q= Qu data,

Tduta

Step 1 - Calculate the Liquid Side Mass Transfer Rates

OHliq_,mass_mnsﬁ:r = mOl-l_liq("!{rliq'Tsu;:r1l Dliql Atank!OHdatal DHi _gucssi]
C03muss transfer -~ w(‘(JB(‘sTliq v Tsup- Dliq J A‘Iﬂ.llk‘ C03bulk ’ CO3i_guess}

Cozmass_transfer_}iq = mct)z_liq(ATliq-Tsup' Dh‘q- Aumlc- OHdaIa- OHi_guess ' C03bu]k- C03i_gucss]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess ‘= 240ppm

OHdep = WoH _air(ﬁTsrlrTsup-Dtank-Atank-OHi guess-co3i guess+ Xco2 bulk _guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OIIdEpJ

2

Xeo2_bulk_cale = 242.185 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Xeg2_bulk_cale = xbu[h[Q-

The rate at which OH is depleted in the bulk liquid is
OHdrp_bulk = 2'Cmmass_m;ﬁ:r_iiq
The rate that OH is depleted at the surface is

OHdcp_wfw:c = OHy, - OHdEp_bulk
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Deplelion rate.

OHyep
2

Fsrl calc =
T lda Xca2_amh Cair Quent

Flu'l_cafc_ = 0327
Ielata

OHgepdata = 2Fsnt dan  Xeo2_amb’ Cair' Quemt
‘eduta Idatn

(:)}-Idep(:ah:_ll-t = OHdEp
tdat
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The depletion rate based upon the Hobbs model is
OHdephobbs_d = 2%u2_amb Cair' Quent Paobbel OHgata)
Tdma

4 il

OHdep =3619x% 10 ?
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2.2.3 Tank 42H
ldata = 3
Quem = Qsﬂ_ama‘m
T

sup - uaap_,.sﬂl‘.|nl

Dthl.a = OH 'LMMM

lar = 1982yt

At = 1986y — Ly

Veups = 600kgal

mole

yr

Viaped

COBsrl =0.07TM

CO3pq = CO3s71l

40000
CO3s1l =

At
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Q= Qi _data,
idm

a

S

1 - Calculate the Liguid Side Mass Transfer Rates

OHqu_mass_rransfcr n mﬂ!—!_]iq[ATliq » Tsnp . Dliq J Arank- OHdnta s OHi__guess]
CO3nass transfer = m(?(]fl(ﬁTliq . Tsup- Dliq » Atanie, CO3pyx, CO3; gucss)

Cozmuxs_lrnmh:r_]iq = mC(R_!iq[ATliq 1 Tsup ’ Dliq ’ Alu.nk J OHdull ’ OHi_gucss ' C03hulk . C03i_guess)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.
Xeo2_bulk_guess “= 220ppm
OHdep = mOH_air(ATsrl'Tsup-Dtank-Alimk- 0Ol Ii_guess -C03i_guess' xoo.’__bu]k_guu&s)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHy
Xeo2_bulk_cale <= xbuu{Q- CP]

2
Xeo2_hulk_cale = 222.38 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
OHyep buik = 2:CO2pu56 yranster liq

The rate that OH is depleted at the surface is
()Hd:p__surfacc = OHdcp i OHdep_bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

Oy
2

F:,rl cale =
fa X0z amb' Cair Quent

E stl_cale, = 0.382
idua

OHJEPJHIHM =2F Jarl_,da.taj “Xeo2_amb’ Cair' Qvent

ata data

UHIJG]JUII]U‘M i OH-!LL'[J

a
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The depletion rate based upon the Hobbs model is
OHdepllohbsid" = 2X02_ambCair Quear Fhoobsl OHases)

1
OHgep = 7.869% 10°—

yr
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2.2.4 Tank 48H
igan = 4
Quent = Qait dara.
bt

b S 3 A
sup sup_s i

OHdnr,a = OHsrl_data’ M
dia

At 2= 1986yr — Ly

Vaupst = 600Kgal

mole
100000 ——- At
w

Vsupsd

3T |
CO3srl, = 0.176M
C(.nbuu = C03m'l4

CQO3srly =
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Q= Qi data

data

Step 1 - Calculate the Liquid Side Mass Transfer Rates

OHqu_ms_msﬁ:r = mUH_hq(ATl!qv Tmp- Dh'q- Agank OHgya. 0H|_ sucss)
COB 1 transter = D03 ATiig. Tup: Drig e Avankr CO3bui- CO3;_yoess)
COZpass_iranster_tiq °= mmr:_liq[ﬁT[iq- Tsup+ Dhiq» Avunk» OHgaras OHj_guess, CO3py , CO3; _gum)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 1OPpm
0Hdep = Won a.ir(ATatllTwptnmuk'Aim-OHLgums-CO:‘i _guess» Aea2_hulk _gam)
Interate on the bulk air CO2 concentration guess unlil it agrees with the calculated concentration.

OHge,
<

Xeo2_bulk_cale = xhulk[Q.

Xeo? bulk_cale = 16.667 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep puik := 2-CO2pps transier_lig

The rate that OH is depleted at the surface is

OHyep_surace = OHgep ~ OHgep buik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHgp
2

L
s Xco2_amb* Cair' Qvemt

Pyt cue  =0.787
T ldata
OHdcpdnlnlm =2 Farl_,dalulm' Xeo2_amb' Cair' Quent

Oqu'n: alc. = 0l Id’P
Tilate
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The depletion rate based upon the Hobbs model is
UHdepmhmm = 2%e03_ambCair Quent Facbosl OHeuz)

)
OH, = 1002 10° 7>

yr
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2.2.5 Tank 49H
idu - 5
Qrert = Qai_data
"Gar

TBI.‘.p = Tnp_ﬁi
Yilwia

OHgya = OHg gaa M

data

terart = 1982yr
At = 1983yT — (g
Vm,lj = bﬂﬁkgal

mole

120000 ——-At

CO3stls := i
Vioon,
CO3stls = 0.053M

C03bu1k = CO3SI’15
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Q= Qsd_dnlm
Step 1 - te the Liquid Side Mass Transfer Rates

OHliq_mass__lranaf:r Gl m()!l_l.lq(d'rliq v Tsnp ’ Dliq +Avanks OHggrq, OHi guess)
C03ma.ss__lransfer = mC()'_'p(ATHq ’ Tsup' Dl'u| Aganks CO3btﬂk-C03i _gucss]

Cozmm_tmmfm‘ liq = m(ﬂz_liq(d'rliq-Tsup-Dliq'Atunk'OHdam- OHi _gnnstDShulh -Cog‘i__gurs%)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = mﬂl
OHd!:p = ml)ﬂ_u’r(ATﬂi'Tsup-Dlmk-Atmk-OHLguas'CO:;i guess» Xeo2_bulk _pm)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

Ol-ldq,
Xco2_bulk_calc ©= xrmn{Q. ]

2
Xeo2_bulk_cale = 90.789 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHd:p_bn.[k = 2CO2m,, transfer_liq

The rate that OH is depleted at the surface is

OHdnp_mrface = OHl:I.:p = OHdcp_bu[k

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OFgep

7
Kea2 _a.mh'cﬂ.ir' Q\'ml
Fgicae =0748
ata

OHdepdaui = 2P due  “Xoa2_amb Cair Quem
ata Tdary

OHdmwlm - OI{‘_EP

Fsr!_caki
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The depletion rate based upon the Hobbs model is
0"'cmpn-wm»:w'l = 2Xeaz_amb Cair Quenr Fhobbsl OHata)

5 mol

OHge, = 1203 % 10° —
yl’
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2.2.6 Tank SOH
]

Quent == Qug duia
tdats

Taup = Ty
” _stl
P P o

OHgga = OHgy) gata M
tdata

byt = 1983yr

At = 1986yr —

Vaugan, = 600kgal

100000%-&

CO3srly = y
Viupsi,

CO3srlg =0.132M

CO3y . = CO3srlg
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Q= Q-:rI_dala
Idata

Step 1 - Calcul uid Side Mass Transler Rates

OHiy s, sranster = 9082 igl ATiqe Taupe« Diiqs Aranks OHgorn» OH;_pyess)
C03nm_-nmﬁ:r = ")OOS[ATliq ’ Tsup- Dhq »Avank» CO3py. CO3; _gum)
CO2, s oamster g = Be02_tigATsiqe Tups Diiqr Ak OFlgaea OHi_guess: COBucs CO3,_goess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess ‘= 54ppm

OHd:p ¥ %&dr(aTm-Tsup-Dlank'A!ank-OHi_gucss-C03i_;ncss-xcoz bulk guess]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHgep

Xeo2_bulk_calc = "buu[q- ?J

Xeo2_bulk_calc = 83.617 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liguid side.

The rate at which OH is depleted in the bulk liquid is

OHgep_putk = 2:CO2mag transéer fiq

The mate that OH is depleted at the surface is

OHdep_surface e Ondep = OquJ_hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

Otlgey

2

F, |_calc =
™ "toz_nmh'cuir‘Q\-mt
Fﬁﬂ _cnlci =(.762

data

OHdCPdalli - = 2]:'..-.1-1,;1;1:3'“.I “%ca2_ambC air' Quent

Oﬁdqmlcim = OHye,
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The depletion rate basad ypon the Hubbs model is
OHdephubbsida = 2%ey2_aret Cair Quent Phiabos{ OHgana)

5 mol

OHdep = 1.06%x 10 ?
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2.2.7 Tank 39H
im — 7

Quent = Qs data.
idam.
Tep =T,
sup “"‘m‘m
OHygr '= OHgy gt M
*data

At = 1986yr — tgar
V‘HP"H = 600kgal
le
10000022 A¢
¥yr
Vmﬂ?
CO3srl; =0.176M
CO3y, i = CO3stl,

CO3sti; =
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Q= Q4 dm_l i
Step 1 - Calculate the Liquid Side Mass Transfer Rates

OHqu_mnsa_uansfer = Moy qu(ATliq ’Tsup'- Dliq- Aank: OHgara UHl_guu.r.s)
Coamass_lmnsfer = mC(}S(AThq ' Tsup' Dliq d A| ank+ C03bulk v C03| guess)

CDQ'I!ISSS_LI’H.IISfel‘_liq = U’CO?_Jiq(‘AT] iq» Tsup ’ I)qu » Aankr OHggas OHi_gucs:i . Cosbulk * Co:,‘i _guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 77ppm

DHdcp = ['BOH_HjJ(ATSI‘l'TSLIP'Dla.l'lk'AlBJJk' OHi_guesS'C03i_guess' xcnl_bulk_gn::s)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHﬂep
Xe02_bulk_cale = Xputk| Q- 2

Xeo2_bulk_cale = 75.972 ppm

Step 3 - Compare the OI Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdep_hulk = Z‘Cozmaa-;wlmnsfnr_,liq

The rate that OH is depleted at the surface is

OHdep_snrt‘noe = OHdl:p = OHdcp_bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHyep
2

Fsr] cale :
idata Xeo2 amb’ Cair' Quent

FSI‘LL'B’C, = 0739
Vdaw

OHdupdutn,d = 2Fgy dulali 'xco2__aulb'c.nir'Qv:nl
Tdatn ‘data

OH l‘lepca]cid = DHdﬂp
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The depletion rate based upon the Hobbs model is
Oaophobbs, = 2 %02 ambCair Qrene Fhobbs{ OHaaa)
1data

I
OHg, = 9971 x 10° ==

yr
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2.2.8 Tank }8H
iduta =8

Qe = erl_da!a_.d

[:V/: ]
Tsup = Leup s
Idata

OHgges == Ol'l:u'],_datai“isll M

2

toran 2= 1981yr
At = 19869 — tyu
Vsupms = 600kgal
mole
¥r

100000
CO3s1lg =

<At

v
supsrl3

CO3stl = 0.22M
€03y, = CO3srly
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Q:= erl_:lun‘_“
Step 1 - Calculate the Li Side Mass Transfer Rates

OHliq__mme_lmsfer = oy qu(ﬁTilq'Twp-Dliqt""lmk' OH g5, OH; _gue.ss)
Co3mnss_lmunl'cr = %U:‘(Jrﬁq-'l‘:up’ Dliq'Atank-COB'hulk-Cosi gucss)

CO2mass_transter_liq = ®co2 1iq['3Tliq-Tsup'Dliq'Alunk'OHdna'OHl _suess» CO3uics CO3;_guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess *= 77-5ppm

OHgep == @og il ATt Toupe Dineks Avasce OH;_gueas» CO3;_ guens» Xoo2 P |
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH
dep
Xco2_bulk_cale = J‘hm[ —2_]

Xeo2_bulk_cale = 78.395 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHdep_balk = 2-CO2pes_transfer_liq
The rate that OH is depleted at the surface is

OHdep_surfl.ce = Ondep = OHdcp_buD&
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHyep

4

F.

Fsrl cule =
 Tdawm Xeo2 a.mh’caj:'Quml

Fm_mk_ =(.782
Tdtn

Oqundan = 2sti_|:!in_ "‘m!_zmh'cair‘Qum
[P idata

OH&P:‘EI“ = Ol ld:p
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The depletion rate based upon the Hobbs model is
OHd:phﬂhhsid = zxcl}z_mbhcai.r'Qvunl'Fhlthi(OHdata]
ata

1
Oy, = 1.004x 10° T

vt
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2.2.9 Tank 43H
idﬂ.‘. =9
Qﬂ:nl = Qsl_lilllil_
idam

—
sup sup_sel
Taup = Toup_set

OHyy, = OHsrl_dataid mM

tan = 1982yt
Al = 1986y1 — Ly,
erm’ = 600kgal

mole

w

5'“1‘5'!9
CO3srlg = 0.176M
CO3,yy = CO3srly

100000
CO3stlg =

-Al
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Q:= erl_dml
dats

Step 1 - Calculate the Liguid Side Mass Transfer Rates

Oﬂliq muss_transfer - moH_liq(ﬁ-rliq"[‘!llp‘l)liI]‘A‘R!.I]k’OHIjIlB'DHI _sucss]
Conmuﬂs_trmsﬁ:r = mCOB(dTqu ’ Tsup' Dliq s Atanks CO3p, CO3; _guam)

Coznmss transfer_lig -~ mC(}Z_qu(AT Ilq'Taup-Dliq'A'Lmk-OHduhv OHi guess-C03hulk- O3, _gucsn]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2 buik_guess = 83.5ppm

OHdcp o mUH_ur(ATsd-Tsup-Dlank-Aun k-OHi _gu&ﬁs-CO:;i_glns- Xeo2_bulk _gm:ss]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

. OHgey |
Xea2_bulk_cak -~ 'mlz(Q- 2 )

Xea2_bulk_cake = 83.875 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep puik == 2:CO2mass_transter_liq

The rate that OH is depleted al the surface is

OH gen_surfuce = OHgep — OHgep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

Oy

F 1 cak -
S tma x(:ol_uml;"Cm.r'Q.w:m

F, arl_calc =0.767
ak
OHM@IIM =2F m_dataiul' x1:0.!2_1:11!:'(:":na'r“~)~er|t

()Humim = OHdcp
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The depletion rate based upon the Hobbs model is
OHdcphobhs_ = zxcoz_amb'cair’ chut' F thbs(OHdum)

Tdata

i
OHy,p = 142 107 =

yr
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2.2.10 Tank 41H

iﬂmﬂ = l“
Q\f:nt = Qsﬂ_duua.,
Tdua

T‘Sllp = mp—ﬂ’lm

OHgy, = OHgy g, M
Idara
Lan -= 1982yr
At = 1986yT — Lo
Vs = 600kgal
n

supss
l
120000 At
CO3srl)q = z
V&umrl i

COBST]]O =0211M
Com - Co%ﬂm
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Q:= Qﬁrl_dutiLd

Idata

8 - Calculate the Liguid Side Mass T'ransfer Rates

OHliq_num_mnslu = mUH_I:q(AThq , Tsup » Dh'q +Agank» OH gy . OF li_guﬂs)
Cosnm: transfer == WOF(ATqu . Tmp' Dliq +Aank: CO3.. 003'_““]

CO2gnass_ransier_liq = B02_tiq| ATiiq +Tsups Dtiq s Avanis OHigara s OH_guecs s CO3puk C03:_;um)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 9l.5ppm

OHdcp A mﬂH_lir(ATulthup-Dlnnk-Atuk-OHi gms*co:"i _guess + *eo2_bulk _gul:sa)
[nterate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH dep
Xeo2_bulk_cale = Xpuik] Q.

2
Xea2_bulk_caic = 91.902 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHd:p_hnlk = 2‘c0%“m,&r_uq

The rate that OH is depleted at the surface is

(Jqu,mu pe OHdcp = Ondcp_bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

Oblgep

2

F. :—
e ki Xeo2 n.mb'cai £ Qv:nl

Fy cnlchh =0.745
Oudcpduln_ =2 si]_data 'xcoz_mrh'cair'Qvent
dme ! chartn

Ol ldcpcalc_ = OH“P
idara
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5 mol

OHgep = 1.251 % 10° —

yr

The deplotion rate based uwpon the Hobbs mode] 15

OH goghobbs.
"o

= 2%e02 amb Cair Quen habbs(OHdata)
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3.0 EVALUATION OF HANFORD WASTE TANKS

JICALCULATION OF OHDEPLETION RATES
The mechanistic depletion model is applied to Hanford site data in the following section. The OH sample data used for the
evaluation is summarized in RPP-26676. The temperature Data were obtained from TWINS 20035, Tank Waste Information
Nerwork System. Waste volume were ubtained from TWINs 2005 and HNF-EP-0182, Waste Tank Summary Repoirt for Month
Ending July 31, 2007, Rev 220.

3.1.1 Tank AN-104
The OH and waste valume data is shown in Figure 4-1. A sammary of the hydroxide data is provided in RPP-26676. The average
waste volume during the period of evaluation is

Vypastc_snd = 1052000gal

The sludge volume is
Vokids_ana = 445000gal

The supernatant volume is
Vsup ; = Viyaste_and — Vsolids_and

Viup, = 607 kgal

Vsonlicls_a.rld
Acank
Zoolidy = 161.584 in

The AN-104 Waste temperature profile is shown in Figure 4-2, TWINS 2005. The TC 17 and TC18 temperatures are shown in
Figure 4-3. The average dome and supermatant temperatures based upon these thermal couples are

Toup_and = 91.6F
Tyrn = B3R

Zsolids ==

AThanfard ] = Tsup_a114 = Tdome_and
AThanfnrd =8A4F
1

Figure 4-4 shows representative supemnatant and dome temperatures for Tank AN-103 which has a similiar heat load and ventilation
flow. The average temperature difference is

AT, 3 = 2.285F

AThs.nfardl = AT,

This is similiar to tank AN-101 and is more reasonable for a supematant without a crust. The Tank AN-104 temperature difference
is an indication of a crust at the supematant surface. Figure 4-2 shows the elevation of the top TC whichis not in the crust since it
has nearly the same temperature as the lower supernatant TC's. The difference between this elevation and the waste level is the
maximum crust thickness.

Lerust_ung = 20in

The crust porogity is assumed to be
E:= .02

This is an emperical vadue applied to all crust tanks.
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Tsupemmel = Taome ana + ATha‘nfﬂfdl

Toup_am1 =91L6F
The initial OH concentration is
4.05M + 3.84M

OHp e =
hantord_data i 2

OHhmfuni_d:ﬂut - 3945M

The primary tank ventilation system flow rate és (Section 5.10.1),
Quent = 132cim
L

mole

20000 —— 10yr
CO3; = i
sup,
€03, = 0.087TM
fgarg = 11
= 1
Dy = 751t
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Q= Qwa_mii
T.'.‘np = Tsupern:mz,_

ii
OHgy, = OH‘!‘tﬂl‘lft‘lrd_dala“

COS-D“]k = COB“
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_guess = 7.834M
Ol'liiq_mass_tmusfer = Oy qu(ATliq-Tsup- L:mm_an4-H' Alank-DHdma'OHi _gucss)

C03‘maqs_n'ansfer =t ['k.U][&Tl.iq ' Tsup- Lcn.wl__an4 . E'Aumk J Cosbulk ’ C03i _guess)
Cozmass__umlsfﬂ_liq =8 mCOZ_ﬁq(ATqu ’ Tsup +Lerust and s E-Avanks OHgagas OHi_guess s CO3pyy - Cogi_gucss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 299ppm
OHdep = mOH_air{AThanfnrdl v Tsup « Dianks Atanks UHi_gucss ' C03i_guess v xcu2_bulk,_gwa)

maole
OHyep = 1.059x 10°——
yr
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
Xeo2_bulk_eale = xbu]k[Qv 3

Keo2_bulk_cale = 299.69 ppm
Step 3 - Compare the OH Depletion Rate and Liquid Ol Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is

OHgep_puik = 2-COZpaqq rransfer_liq

The rate that OH is depleted at the surface is

OHyep surface = OHgep = OHdep bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHdep_and G OHdep
OH Depletion Rate
The OH depletion rate is twice the CO; 1ute and given by
OHgep
OH@_}Eﬂfﬂﬂ_{g&n =
1 V“P

]

—3
OH@M“_W: =4607x 10 ¥

The maximum OH depletion rate is
2%:02_amb Cair Quens

Viup

OHdw_m =
I

OH ey max = 0.028 0

yr
‘I'he depletion rate based upon the Hobbs model is

2%2_anb Cair' Quent I'Fhubby(OHhanfard_dml)

OHgep hanford_hobbs =

vslpl
M
O}Idep_mm_}ml = 0-07-3;
The caustic depletion data is shown in the figure below. The depletion rate is
s M
] =234-10 " —
OHgep pantord_doa = 2 aay

_3 M
OHdep_hanﬁ'lrrl_da!al =8.547x 10 3=
w

The carbon diexide absorption rate based on the Hanford OH concentration data and mechanistic model is

OHdcp_blufﬂrd_dutu]
__T'_ Y Vsur.ll

M:,M'Cair'le

meml =0311

Fhmfarﬂ dau: =

OHep_nanford_ogden |
- :

v

“pl

Fhaoford_ogden =
- e ! xtui_nnh‘clir' Q\u:mi

F hanford_ogden, =0.163
OH = OH
depcalcidm dep
OHdepdatajd = OHd|rp_‘l'san[‘on‘.l_n:latal""’supl
OH% = OHtkp

B-41 of B-280




Page 194

of 440 of DA0OB0D23333

RPP-26676 Hev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

The depletion rate based upon the Hobbs model is
DHdephnhhAid = 2Xe02_umb'Cair' @ Fiobbs OHyata)

at

AN104
4.4 L 1200
r'l 8 5 CEES SESCEChectaeTRen mAm @S e
4.2 1000
- %
e 3
40 —_— 800 o
Z B ¥ = -2.34E-05x + 4.82E+400 e
K} *384 E
2 38 600 2
3 >
38 400 E
# supernatant
3 o ® Waste Volume 2
P = Linear (supermatant)
32 — 0

Figure 3-1. AN-104 Caustic Depletion Data.
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Figure 3-2. AN-104 Waste Temperature Profile.
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Figure 3-3. AN-104 Waste Temperatures.
ANI104
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Figure 3-4. AN-103 Waste Temperatures.
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3.1.2 Tank AN-105

The OH and waste volume data is shown in Figure 3-5, RPP-26676. The average waste volume for the evaluation period is
Vivaste_ans == 1 26000pal

The solids volume , HNF-EP-0182 is

leid_,_ms = 538000ga|

The supematant volume is then

Vsupz = Vouste_uns — V&Ulids_unS

Veup, = 588 kgal

The annual supematant and dome temperatures are shnwn in Figure 3-6, TWINS 2005. The large temperature differance is the
result of a crust floating on the supematant. The average temperature temperature difference (dome/supematant) from Tanks

AN-103 will be used for AN-103. This ts justified since the AN tanks have similiar ventilation flows and heat loads. The average
dome temperature trom Figure 3-4 is

Tdome_unS = 81.8F

Tsupcaﬂ'mle2 = 90F

AThuntord, = Alany

Figure 3-7 shows the elevation of the top Riser 17 TC in the supernatant. The difference between this elevation and the waste level
is the maximum crust thickness.

Lirust_ans = 19in

The primary tank ventilation flow rate is for the time period shown in Figure 3-5 is given in Section 5.10.1.

Quent = 132cfim

2

The initial OH concenration From Figure 3-5 is

3.93M + 3.51M

OHhunfurd_data e
2 2

OHpanford (.iata\2 =372M

maole

4000 10yz

CO3, = Tyr—-
supz

CO3, = 0.018M

fi=2
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Q= Qveruii

Tsup = 'I'.-:ul-u:rmamij

OHgyq = OHhant’nrﬂ_dslau

(:03bulk = COBH

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; guess = 10.064M

(]Hliq_mﬂxs__tmusl'cr S mOH_liq(ATliq ' Tsup' Lcrusl_anS E- Alank- OHann . OHi_guess)
CO3as wransfor = [’)COE(ATqu . Tsnp +Lernst_ans+ E* Atanics CO3p, CO3; _gucxs)
Cozmluis_tmnsli:r_liq = mCCIE__li¢|[‘5Tliq-Tz;ul:;-l‘crusal an3 -E'Atauk-oudata-oui _gness-coz’bulk-co3i _,guess]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_gucss = 298.ppm
OHderl = mOI-!_air(AThanfnrd‘l Tﬂupl Diank s Avanks OHi_gu:ss 1 CDSi_gucss J xctﬂ_bu]k_gucss)
4 mole
¥r
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
Xoo2_bulk_cale = Xpuik| Q- 3

xmf!__b\llk_alc =296.562 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

OHgep = 1.114 10

The rate at which OH is depleted in the bulk liquid is

OHdep_bulk 3 2'COzmass_ll‘n:lsfer_liq

The rate that OH is depleted at the surface is

DHdcp_surfacc = OHdcp - OHdcp_bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass T'ransfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHdep_nnS = DHdep

OH Depletion Rate
The OH depletion rate is twice the COy mate and given by
) OHep
OHdcmenford_ogden__ = v
N sup.

.3 M
()Hdzp_hanford__ogdenii =5003x 10 "y_r'
The maxinmm OH depletion rate is

2’%02_&mb' Cai r Qvenl_“
Vsupu

OHdep_max =

M
OHaep ruax = 0.028 —

yr
The depletion rate based upon the Hobbs model is

2x¢a2_amb Cair va,ﬂ' Fhobbs(OHhanford_dalah)

OHgcp_hunford_notibs, =
? Vsupii

M
OHdep_ha.nfm'd__hohbsii = “-“24;

The caustic depletion data is shown in the figurc below. The depletion rate is

-5
OHdep_hanfnrcl_dam“ =757 T —
i day

M
yr
DHd|:p_hant’nrcl_damii b OHdep_max

OHdep hanford dm‘u =(.028

OHuep nanord_dara,

- 5 vsupﬁ
hanford data, =
i xcuZ_ﬂmh'Ca.ir' Qvent_li
Fha.nfotd_data‘_‘_ =]
DHdep_hanfcrrd_ogdenﬁ
2 ‘Vsupji
Fhanford_ogdenﬁ =

xcuz_amh' C:a.ir' Q\J{:ru;ii

Fha.nfnrd_ogd(mﬁ =0.176
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igata = 10+ ii
OH = 0OH
depcnll:i‘m dep
OHdl:pduaim = OHd:pJunlmﬂ_ﬂuni‘ Vsrnpll

OHdEp..S = OHdEp
The depletion rate based upon the Hobbs model is
OHdtphnhbsih = 2%e2_uanb Cair @ Fhovsl OHtatn)

Figure 3-5. AN-105 Caustic Depletion Data.
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Figure 3-6. AN-105 Waste Temperatures.
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Figure 3-7. AN-105 Waste Temperature Profile.
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3.1.3 Tank AP-101
The OH and waste volume data is shown in Figure 3-8, RPP-26676. The initial waste valume (at the time of the 20(H) sample data)
s

Virasie_spt = 1113kgzal

The final waste volume is
Vwasw_;pl_ﬁnnl = 403.4in- Ay

The sludge volume, HNF-EP-0182, is
Violigs_upt = Ogal

The average supematant volume is then
i A Viuste_apt + Vwaste_apl_final

Wy 2

Vip, = 1112 10 kgal

The annual supematant and dome temperatures are shown in Figure 3-9, TWINS 2005. The average supemalant is

Tﬂqr_apl = 66-F

The average temperature difference
ATha.l‘lfﬂ!"ﬂ = 0.0IF
i

The measured 241-AP Tanks Exhauster 296-A-40 flow rates (2E-99-01324, 2E9901821, 2E-99-02471, 2E-99-02695, 2E-00-477,
2E-00-1319, 241- AP Tank Stack Air Flow) from June 24, 1999 o July 24, 2000 are shown in Figure 2-3. The average stack flow
rate for this period is 887 Acfm. The ventilation flow mte for the individual tanks is not known. The ventilation flow is assumed to
be equal for the eight 24 1-AP Tanks. Thus, ventilation flow rate used for the hydroxide deplction evalualion is | | | Acfm.

The primary tank vemtilation flow rate is, RPP-29806
Qe = 1llcim

3

The initial OH concentration shown in Figure 3-8 is
2.43M + 2.34M

OH =
hanford_data, 3

OHpantond éata, = 2385M
3

30000 2.

15yr
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Q= Qwenl,Ii

Tsup = sup_apl
OH o5 == OHpunford_dota,

CO3y = CO3;,
Step 1 - Calculate the Liquid Side Mass Transfer Rates

003, gyess =026TM

OHqu_mnss_mlu' = “’(JIl_llq( Arrliq . Tmp . Dliq + Avank: OHggga, OH:_swxs)
Cog‘mass transfer = wCDS(Aleq-Tsup- Dliq'mmk'm%ﬂk-col gucss)

Cozmass_mmt‘ar_liq = mCOZ_qu(&Tﬁq ' Tsup- Dliq + Atunk» OHggga OHi_p.unsa + COBpy, CO3, ' guess]
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 135ppm
o“l&:p = Wy 4|I'I(A'l‘|'ﬂ.ﬂlbfﬂ3'Tmp'I)IINH'AI.\II‘.“OHi _gum-co}n guess-xco! bulk _;n:s:)

I

OHg,p =3322x 10' =
yr

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH ]
dep

Xeo2_bulk_cale = J‘rmu;[(.l'- e

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the C0O2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdep putk = 2002, _transfer_liq

The rate that OH is depleted at the surface is

OHgep surtace = OHgep — OHgep ik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH Depletion Rate
The OH depletion rate is twice the CO, ratc and given by
OH
dep
OHgep hanford opden_ = v
* sug

L]

3M
OHdEp_ Imuford_agdenii =7.892x 10 ;
The maximum OH depletion mate is

2xeoz _amiy’ Cs.ir' Q\uml;ﬁ
vs“pll

OHyep max =

M
OHgep max = 0013 —
T

The depletion rate based upon the Hobbs model is
2%c02_amb Caie Quent, Flwbba(mhmﬁurd_dwaﬁ)

VSU Pll

OHdep_hz.ntoﬂl_hdes‘_i =

M
OHep_hantord_nobs | = 001 ;

The caustic depletion data is shown in the figure below. The depletion rate is

s M
a =59410 °—
Hdep_hﬁnford_dmh =
M
Oy, hanford_dara, = 0-022-;

This exceeds the maximum depletion rate for the assumed ventilation flow rate. The data value will he set the the maximum value
for comparison with the calculation.

OHuep vaniord_dats, = OHgep_max
The carbon dioxide absorption rate based on the Hanford OH concentration data is
Oqu_}umfmﬁ_dmn
—2—__ a pr“
Zen2_amb Cair Qw.-cmii

Fhmitd_dnd =

Fhantard_daca =
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OH de |1_hIni'ﬂrd_clgderl.,i
I

2
Xeo2 amb’ Ca.ir'chnLﬁ

'V-"“l‘ij

Fhmlb:ﬂ_ogdenu =

thnford_ogdemﬁ =(.625
iggts = 10 +ii
DHd'-'PCHJCJ.m = DHrjl:p

OHdel:dum_ = OHdcp_hunfwd_dalu_ 'Vsup
idatm i i

The depletion rate based upon the Hobbs model is
'3'}'1uepru:»bbsma = 2%002_amb* Cair Q Fhobbsl OH i)

Figure 3-8. AP-101 Caustic Depletion Data.
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Figure 3-9. AP-101 Waste Temperatures.
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3.1.4 Tank AP-103
The OH and waste volume data is shown in Figure 3-¢, RPP-26676. The average waste volume is

Viaste_ap3 = 282000gal

The sludge volume, HNF-EP-0182, is
Valids_ap3 == Ogal

The supematant volmme is then

Vsup . = Vaste_ap3 ~ Y solids_ap3
Vsup4 =282 kgal

The annual supematant and dome temperatures are shown in Figure 3-10, TWINS 2005. The average supernatant is

Tn,?_aiﬁ = 66.F

AThﬂf\H’di - ODLF

Qvenld = Q\'!mA

The initial OH concentration shown in Figure 3-10 is
0.56M + 49M

OFpasfond data = =5

OHiunfort dua, =0-525M

mole

yr
V,

Kup,

20000
C034 =

< 15wt
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Q:= 'Q\.cnli
T = Taup_spd
OH s = OHpanford daca,
CO3pii := CO3y
Step 1 - Calculate the Liguid Side Mass Transfer Rates

CO3, gess = 0:438M

OHyig mass_tansfer = ®on tigl ATiiq Tsup» Diig: Avankcr OHgagr OHi_guess)

CO3pyass_transicr = mcm(Aan + Tsups Diig+ Avank» CO3pqrc. CO3; _sum)

CO2imas ransir tig = P002.ialAThig: Tsup Drg: Avank OHata- OH,_guess. CO3tuis CO3; guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 135ppm
OHdep o %H_nr(AThnmi- Tsups Dianks Ak OH; gness-cog‘i _goess > Nco2_bulk _gm)
4 mole
yr
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHyep
2

Xeo2_bulk_cale = l34.928ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

OHgep =3.322x 10

Xeo2_bulk_calc = lmtk(Q-

The rate at which OH is depleted in the bulk liquid is

Dl{dep bulk = z‘cozmass_mnmr_liq

The rate that OH is depleted at the surface is

OHgep surface = OHgep — OHgey puic

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH Depletion Rate
The OH depletion rate is twice the CO, rate and given by
OHdcp
OHgep nanford_ogden_ =
p_han. ogdcn, vsupii
M

OHyep_huniord_ogden, = 0.031 -

The maximum OH depletion rate is
2": ol_s.mb'cair‘ Q\re-mii

OHder_rmu = v

U
pii

M

OHdep_mx =005 —
¥r

The depletion rate based upon the Hobbs model 13

2J':(:l:DZ_a.n:llJ'Ca.i.r‘ Qventﬂ' Frwbbs[ OHhmford_duluﬁ)
v,

s

OHgep, nantard_nobns, =

M

OHdEp_hanihrd_hobbsﬁ =N.035 -

The caustic depletion data is shown in the figure below. The depletion rate is

s M
OHdep_hanfmd_dam“ = 538510 Ea—:;

M
O‘Hcler_:_l‘[:l.t'lf(!lrd_t‘.lm_a,;-i = (32 ;

The carbon dioxide absorption rate based on the Hanford OH concentration data is

OHdep_hum‘ord_dataii
2 i Vsu P,

Fhanford_data, =
-t 'lcﬂl_mﬂh'(“air'Q\'ﬁ'ltﬁ

Fhunl'urd_,datuli =041
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OHdep hanford _ogderl‘_i

2 'Vs up,,

Iha]’lthﬂ] agden, :
] n C
XCOZ amb’ —air’ Q\l’!ﬂt__

Fhanfurd_ngdeuji =0.625
g = 10 + i

OHdchalc, = OHdep
13eta

OHdcpdnta_ = OHdep_hanﬁ)rd_dala_'vsup__
idaga ii i

The depletion rate based upon the Hobbs model is
OHdephUbbsidm = 2Xeo3_um' Cair* @ Tnobb o OFlgars)

3
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Figure 3-10. AP-103 Caustic Depletion Data.
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Figure 3-11. AP-103 Waste Temperatures.
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3.1.5 Tank AW-103

The OH and waste volume data is shown in Figure 3-12. The average waste volume is
Vywasee_aw3 = I99ur- Ay

Vipasre_aws = 1099 % 10” kgal

The sludge volume, HNF-EP-0182, is

Vs.:ﬁd!._l.\'3 =273 kga] + 4(]kgal

The supematant volume is then

Vsup, = Vaaste_aw3 ~ Vsolids_aw3

Voup, = 785.843 kgal

The annual supematant and dome lemperatures are shown 1 Figure 3-13, TWINS 2005. The average supematant is
Toap_aw = 65-F
&Tmma = 0.05F

The waste temperature profile is shown in Figure 3-14. There is no indication of a supemnatant crust.

The primary tank ventilation flow rate is (Table 5-1)
Q'"ms = 139¢im

Quent = 139¢im
5

The initial Ol concentration shown in Figure 3-12 is

0.826M + .765M
OH]llﬂlfGI'd,_ﬂﬂH, S

2
OHpnd 4ua, = 0.796 M
2 rnule.zwr
COBs = £
Nupl
it:=3
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Q:= Q\cnli
Twp = lyup aw3

OHyy = OHuanford dara,

COB3yyy == CO3;

Step 1 - Calculate the Liquid Side Mass Transfer Rates

UHquJnm_trwusiex = mCIH_qu(ATqu' Txup- Diig+ Avaniks OH gy, OH, _gucsn)
COBmua_ir:mf:r = mOU!(AThq ' T'M.I]}' D]iq ' Almk' Coa'hulk 'C03i_gms)
CO2ungss ranser tig = P02 tial ATrig: Tsups Diq: Avanics OFlgutas OH;_guess» CO3puicr CO3; gues)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xea2 bulk_guess = 110ppm
OHgep = mm,_m(ATmmﬂ.TwP. Dinais Avnsits OH guces-COB paee xm;_b,m,]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHy.,
2 )
Xeo2_bulk_caic = 108.685 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Xco2 bulk_cale = *nuxt(Q-

The rate at which OH is depleted in the bulk liquid is

Ol Ilicp_bl.llk i Z'Cozmass_musfur_liq

The rate that OH is depleted at the surface is

OHgep_surfuce = OHgep — OHyep buik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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()Hdlp_lﬂaﬂfartl_r.igdc:rl.‘i =0.016 ;‘
The maximum OH depletion rate is

2%065_amb Cair' Q"”“'u

OHyep max = v
sup.
1

OHgep max = 0.0223
1 yr
The depletion rate basad upon the Hobbs model is

21@2_mb'cdr'Q\tn“'thbs(0Hhmfnrd_dmaJ

OHegep_nantord_hobbs_ =

Youi:
M
OHyiep_mnford hotts. = 0.016—
B} = -
The caustic depletion data is shown in the figure below. The depletion rate is
s M

OH =369-10 —
dep hanford_dsta_ s
M

O hanond g, = 0013

The carbon dioxide absorption rate based on the Hanfard OH concentration data is
OHd:p_hm[u:d_,dBtﬂ“

9 2 sup,

B =
h&ﬂfc'l'd.dﬂ&d Fea?_amb' Cair' Q\’enl!i

Fhanford_cata, = 0603

RPP-26676 Rev 1
CAUSTIC DEPLETION JMI-NB-05¢10101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK
OH Depletion Rate
The OH depletion rate is twice the CO, rate and given by
OH,,,
OHdep_hmRm! ogden -~
i V‘WP;,'
M
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OHgep lanford_ogden,
2 .v“"i

"onz_m'cm‘an‘

Fhmfm_@mﬁ =0.698

F bantord_ogden_ =

i = 10 + i
OH = OH
depcahiliau dep

OHdepdm_d = OHdep_hanfnn:l_dau a‘ V:upu
dnta

The depletion rate based ppon the Hobbs model is
OHgepnats, = 25cen sy Cair @ Faoptl Ollee)
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Figure 3-12. AW-103 Caustic Depletion Data.
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Figure 3-13. AW-103 Waste Temperatures.
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Figure 3-14. AW-103 Waste Temperature Profile.
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3.1.6 Tank AW-105

The OH and waste volume data is shown in Figure 3-15. The average waste volume is
153.6in + 152in
vwm_wi T T fvank
2
Vyaste_aws = 420.81 kgal
The sludge volume, HNF-EP-0182, is
Vsnllds _aws = 263kgal
"The supematant volume is then

Vsup i = Vaste aw§ — v?.olids__aws
Vaup, = 157.81 kgal

The annual supematant and dome temperatures are shown in Figure 3-16, TWINS 2005. The average supematant is
Toup_aws = 6L-F

dThmJ& = 001F

The waste temperature profile is shown in Figure 3-17. There is no indication of a supematant crusl.

The primary tank ventilation flow rate is (Table 5-1)
Qe = 139cfm
&

The initial OH concentration shown in Figure 3-15 is

275M + 262M

OHpanfoed daa, = ————————
s 2

OHhmmdm% — [)269 M

male 20yr
C03g= ——L——
sup A

in==6
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Q= Q\-'t:ut“

Tsup = Lsup_aws

OHgus = OHpanford dats,

CO:!bum = C03ii

Step 1 - Calculate the Liquid Side Mass Transfer Rates

{)Hliq_maswﬂur = mOH_Ilq(‘ﬁTliq ' Tsup* Dqu + Atanks OHgga . OH;. gues&)
C03lmss_t.rm15fer == EDCD][‘&Tqu'Tsnp- Dy iqe Atanklcoz'hulk-co"}i_gu:su)

COZmnss__Lrﬂnsfer_hq = wCD‘E_liq(ATliq ' T&up ’ Dliq + Avanics OHyary . OH; guess CO3pyy. C03i_gueﬁs)

Step 2 - Calculate the Yapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

xcuz_bu[k_guﬂs i 259ppm
OHdep = mOH_ajr(AThanfordﬁstup- Dlank- Amnk- OHi_gur.u '(:03i_gl.l.l:!! 'xcul_hulk_guc:.s]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHgep

Xeo2_bulk_cale = Xout Q@ ———

Xeo2_bulk_cale = 260.469 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate

The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
OHyep putk = z'cozmm_uansﬁer_liq

The rate that OH is depleted at the surface is
DHdcp_surfncc = OHdcp = DHdEp_bulk

The OH surface depletion rate must he equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHdep_hanfnrd_ogdenii =0.031 ';r-

The maxtrmum OH depletion rate is
2Xco2_amb Cair Qvemu

OHdap_max =

\’,ml,ii

M
OHgep gy =0.111 —
yr
The depletion rate based upon the Hobbs model is

2‘&1_lm'cw'va1i'Fhﬂs{0HhmM_dani)

OH =
dep_hanfond_habhs_ 5

-
M
OHdtp_hmlnrd_mﬁ e 0072;
The caustic depletion data is shown in the figure below. The depletion rate is
_s M
0 = 1121077 —
Hdep_hwfard_dami day
_3 M
Oﬁdep_hanford_dacau =4091x 10 ;

The carbon dioxide absorption rate based on the Hanford OH concentration data is
OHep_nanford_data
A SRR
2 supy

Fhantord_dara, =
% xco?._amh'cai:'chmu

Fhl.l'lfol’ﬁ_dllx'_ = 0.037

RPP-26676 Rev 1
CAUSTIC DEPLETION JMI-NB-05D10101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK
OH Depletion Rate
The OH depletion rate is twice the CO, rate and given by
OHg,p
OHgep nanjord ogden_ =
% Vap
M
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OHgep hanfoed_ogden
2
xCﬂ?-_ﬁJle. Cm'r' Q"l:l‘l.l.“
Prantre_opten, = 0276
s = 104
OBlupeu,_ = Ol

Oqundaum = Oqu:_hmhﬂ_dn"van

' Vnupu

Elwﬂmll_ugduuﬁ =

The depietion rate based upon the Hobbs mudel is
OHdcphohhsi‘ = 2%e_nantyCaic” Q@ Frottssl OHtura)

Sk
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Figure 3-15. AW-105 Caustic Depletion Data.
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Figure 3-16. AW-105 Waste Temperatures.
70
68
3 X
34 -
C
g B2 \
E 80
58
8
56 v
——Supematant
54 ——Vapor Space
52 A S S S S R
50 r - y v
9/26/2003 1272512003 3/24/2004 6/22/2004 /202004 12/19/2004 3/19/2005
B-70 of B-280




Page 223 of 440 of DADED23333

~ RPP-26676 Rev 1

CAUSTIC DEPLETION JMI-NB-05010101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

Figure 3-17. AW-105 Waste Temperature Profile.
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3.1.7 Tank AY-102

The OH and waste volume data is shown in Figure 3-18, RPP-26676, The initial waste volume during the period is used for the
evaluation singe the data is cormected for the dilution of the nitrite addition

Vaasie_ayz = 639000gal

The sludge volume, HNI-EP-0132, is
Vsotids_ay2 '= 13 Lkgal

The supematant volume is

Vs.upTII = Viasie_ay2 — Violids_ay2

Ve = 488 kgal

sup,

The annual supematant and dome temperatures are shown in Figure 3-13, TWINS 2005. The average dome and supernatant
temperatures are

TSL'I[}_IYZ = 100K

AThanfDn’.lT =31F

The primary tank ventilation system flow rate (Excel file 702_AZ_flows)in 2000 and 2001 is shown in Figure 3-20, The average
over this period is

Qe = 425¢fm
3

The initial OH concentration (Figure 3-18) is

£.055M + .B46M
DHh;mﬁ:.rcl_dm1 e

2
OHpanton_aua, = 0951M
I
60000 o . 15y
CO3; = MRS
aup,

=7
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Q:= Qvent
F:iup = Tsup__ayZ

OH gy == OHhmurd_..tm‘_l

C03bulk - C03ﬁ
Step 1 - Caleculate the Liquid Side Mass Transfer Rates

OHqu,mass_tmnsfm e mUH_liq(AT lig+ Tsup * Dhq ' A:a.nk' OHda:al OHi_gueu]
Cogmass_lransfu = mCO](&Tliq-TsuplDliq-Almk-Coabulk-COBi gues.s)

CO2pass_transter lig °= mCGZ,,qu(ATliq » Toups Diig Adsanice O s OH; s CO3pia, CO3,_gues)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.
Xeo2_bulk_guess -= 97-5ppm

OHg,p, = Woy air[‘!‘Thmfmﬂﬁ-Tsup’Dmnk-A-mnk- OH; guesss CO3;_guess» Xco2_buik _gutss]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OH
dep
Keo2_bulk_cale = xbul.k[o' TJ
Xeo2_bulk_calc = 97.973 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate

The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
OHrlep_huil: = 2-CO2mpsq transtor liq

The rate that O is depleted at the surface is
OHd:p_surfam: = OHdcp = OHdcp_buik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the C0O3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH Depletion Rate

The OH depletion rate is twice the CO, rate and given by

OHdcp hanford ogden +—
" Vsupii

M
OHdeinuford_ogdenﬁ = 0.08 ;

The maximum OH depletion rate is
2 Keo2_amb’ Cair Quen b

DHdap max v
Sllpii

M

OHgep max =0.11—

e ¥r
The depletion rate based upon the Hobbs model is

2% s Cair ’Qn-mﬁ‘ anm( OHhmﬁrd_d’ll)

OHgep heatord_hobbs_ =

Vmpu
M
OHgep_panfond_hotvs_ = 0.081 ;
The caustic depletion dalta is shown in the figure below. The depletion mte is
_4 M

Oqu,hmMﬁzqi = 358:10 day

M
OH ep_nunford_data, = 0-131 -

OHdep_hanford_datai = OHgep_max

This exceeds the maximum depletion rate for the assumed ventilation flow rate. The maximum depletion rate will be used to

compare to the calculation

‘The carbon dioxide absorption rate based on the Hanford OH concentration data is

OHy. p_hanford 'dﬂ‘i

-
2 e’

Fm =
' Reo2 m‘cm'Qmik

Fraators_duta =1
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Fhantord_opden_ ==
A xc:tﬂ_mub'clir'an!ﬁ

Fhanford_ogden, = 0-728
idﬂ[ﬂ := 10 + i.l

OHdepcnI-:Jd = OHgep

OHdepdulaid = OHuep munford_duta Veup,
™ i i

The depletion rate based upon the Hobbs model is
OdePhobbs‘m = 2%02_amb Cair @ rmS(OI-lthl)
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Figure 3-18. AY-102 Caustic Depletion Data.
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Primary Flow {cfm)

Figure 3-20. AY-102 Primary Ventilation Flow Rate.
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Correction of OH Data
Figure 3-12 show a level increase in November 2001. This was a result of a nitrite addition to the tank. This caused a dilution in
the supernatant hydroxide concentration. The seond and third data points in Figure 3-12 were corrected for this dilution to give the
hydroxide concentrations is the dilution did not occur. In addition to the nitrite addition the level increases slowly because of
condensate retumed to this tank later in the evaluation period. However, this water layered on top of the supernatant and did not
significantly effect the bulk supematant OH concentration. This dilation affects of the nitrite addition only will be used for the
fourth point.

The supernatant volume for the first data point is
Vol_sup, := 639kgal — V45 ay2

The supernatant volume for the 2nd points is
VUI_SI.IPQ = 667kg&l B Vsnlids_,ayZ

The supematant volume [or the thivd point is
VUI_Sllp3 = 677kgal = Vsulida_aﬂ

The cotrection for point 2 is calculated.

The measured hydroxide concentration is

OH; = 35M

The number of mele of hydruxide is

molegy = OH;-Yol_sup,

The hydroxide concentration without the nitrite additien is then

molegy

OHy oy = 5 ———

Vol_sup,

Vol _sup,

OHj_jpy = OHy ———
Vol _sup;

OHZ_inil = 0.899 M

Similiarly, measured concentration at point three is

CH, = 0,785M

Vol_sup;

0[‘[3_1-1.&[ = OH:}-W

OH3__inil — 0846M
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3\»107 Tﬂnk AY'lﬁz
The OH and waste volume data is shown in Figure 3-21. The initial waste volume during the period is used for the evaluation since
the data is corrected for the dilution of the nitrite addition

vwmt_:y? = 166in- Ay
Vaase_sy2 = 457.163 kgal
Violids = 310 Aggpye

Violias = 22,032 kgal

The supematant volume is
v;.ups = Vwaste_ay2 — Volids

Veun = 435.131 kpal
sup, E
5Thmﬁm| = 4F
3

The primary tank ventilation system flow rate (Excel file 702_AZ_flows) in 2000 and 2001 is shown in Figure 3-23. The average
over this period is

Qrem. - Q\ru'l?

The initial OH concentration (Figure 3-21) is
S586M + 441M

OHhaﬂiord_dua‘ S T

OHpuntord_canp, = 0.513M

50000 % | syr
CO3g 1= = E
sup,
ii=8
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Q:= Quemi
4 ¢

sup = Lsup_ay2

OHga = {]Hhﬂn]b(d_dﬂh.“

C03bulk = C03ii

Step 1 - Calculate the Liguid Side Mass Transfer Rates

OHqu_mass_tmsfer i mUH_liq( &Tliq ' Tsup ' Dliq ' Aiankl OHdma ' OHi_gur:is)

C03musa_LransIcr = mDOS(é‘Tqustup-Dliq'Am-C03hulk-C03i gucss)

Cozmass_lransfer_liq = mC{)Z_liq(&T]iq ' Ts'up' Dliq ' Alimiu OHdﬂiu' OHi_gucss * Cojbulk » C03i_gucss)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated,
Xea2_bulk_guess = 91.7ppm

DHdep = oy _air(AThanfnrdii ' Tsup ' Dlank +Agank: OH; _guesss Coai_guess s xco:_hulk_guasu]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdep
Xea2_bulk_cale += xbuil(Q‘ 2 J

Xeo2_bulk_cale = 91.713 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
Ol'ldep__hujk = 2'Cozm:m__tnms.fe!r liq

The rate that OH is depleted at the surface is
OHdcp_surfacc = OHdcp = DHdcp_buLk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

B-80 of B-280




Page 233 of 440 of DAOBDZ23333
RPP-26676 Rev 1
GAUSTIC DEPLETION JMI-NB-05010101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK
OH Depletion Rate
The OH depletion rate is twice the CO, rate and given by
OHy,
OHgep nanford_ogden ™=
» Vuupu
M

OHdup_lmlfOId_ogden; = O.OQZ-Y-T-

The maximum OH depletion rate is
Zxco‘l_mnh'cair' Qw:l'ltH

OH dep_max = v

ll]i!“

M
O =0.124 —
H\Iep max v

The depletion rate based upon the Hobbs model is
meLnb‘Ca'chmn‘Fbobbs(QHmﬁ;d mﬂ)

Vv, w“,

OHgep nanord_bobbs =

M
OHyep nanford hobbs_ = 0.086—
3 bobbs *

The caustic depletion data is shown in the figure below. The depletion rate is
1 M

OH = 10510 "—

dep_hanford_datz_ By

M

yr
0Hdep_l’lmfun]_dal..f;\,'i = DHdep_mﬂ.x

'3Hdep_hama-u-cl_:lmaIj =0.384

This exceeds the maximum depletion rate for the assumed ventilation flow rate. The maximum depletion rate will be used to

compare (o the ealculation

The carbon dioxide absorption rate based on the Hanford OH concentration data is

O}Id:p_hsnﬂ!ﬂ_m..
T

X2 amb‘cair‘anlu
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idata = 10 + ii

Ofepcnc, = OHey
Yelnta

ata

OHdeprIah'l_d 3= OHdcp_hanfurd_dma_'Vsup‘_
Lt i il

The depletion rate based upon the Hobbs model is
OHdcphnhhsldé = 2%e02_amby Cair Q' F hubbs(OHdm)

Figure 3-21. AY-102 Caustic Depletion Data.
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Figure 3-22. AY-102 Waste Temperature Profile.
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Figure 3-23. AY-102 Vapor Space and Supernatant Temperatures.
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3.1.8 Tank AZ-101
ii=9
The OH and waste volume data is shown in Figure 3-24, RPP-26676. The average waste volume duimg the period of evaluation is
Vigase az1 = 916000gal
The studge volume, HNF-EP-0182, is
vm]id:_azl = S?DDOgal

The supematant volume is
Vmpﬁ = vwmc_a:l = vsdi.ila_u:l
Vo = 864 kgal

a

The annual supematant temperatures are shown in Figure 3-25,, TWINS 2005. The average supematant temperaturs are
Tarp_az! = 140-F

There is not a vapor space temperature. The average temperature diffcrence for all Hanford tanks will be nsed (Section 3.3)
ﬁTmrm_ = 20F

The primary tank ventilation system flow rate is (Excel file 702AZ_flows)

Queny = 149cim
The initial OH concentration (Figure 3-24) is
0.9M + 727M
whmfnrd_dara" = _2_
OHhanihrd_dara. = 0<8] 3 M
)

5000 2%, 1yr

008, 15—
v’uph

CO03,,; =0.015M
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Q= Qvenlu

T‘up g T.wp_az!

CO]hLIlk = CO3E,‘1

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_gyens = 0.367M

O[‘Iliu_mass_trunsfer == wOH_Liq(AT!.iq -Tsup' Dliq 'Al:u]k' OHdum- DHi guess)

CO}mass_lrusfer S mCUS(AT lig 'Tsup d Dli|:| , Amn.k- C03bulk' C03i_gwcsa]

Cozmass_u'unsfer_liq = wCOZ_liq(aThq'Tsup' D]iq-Alunk-OHduerHi guess-CO3hulk- C03i guess]
Step 2 - Calculale the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xc02_bulk_guess — 48.5:ppm

OHyep == mOH_uiJ{ATha.ufmdii-Tsup-Dmnk-Amnk- OHj_guess: CO3; guess s Xca2 bulk guesa)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdl:p
Xeo2 bulk eale = xbulk[Q'T

Xeo2 bulk cale = #8.525 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
OHdep_hu!k =1 Cozmass_lranmr_tiq

The rate that OH is depleted at the surface 15
OHgep_surface = OHgep — OHyep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH Depletion Rate
The OH depletion rate is Iwice the CO, mte and given by
OHgep
OHgep_nanford_ogden, =
" Vap

yr
The maximum OH depletion mate is

2‘002_mtb'caj:'0\mtﬂ

O‘Hm_mm_wi =0.019

DHdep__rnu = Y,
sup,

M
OHep suae = 0.022—
- T

The depletion rate based upon the Hobbs model is
zxmz_nmb' Cur Q\fenlﬁ’ F, hcbhs( OHy 4 ord_data ]

v,

sup,
Pn

OHdep__hmford_,hobbuH =

M
OH, =0.016—
dep_banfond_hobbs, "
The caustic depletion data is shown in the figure below. The depletion rate is
s M
OHgey nanford_daca = 4.01:107° —
- “a day
M

Ol{a-p_h.m_wt =0.015
L )‘r

The carbon dioxide absorption rate based on the Hanford OH concentration data is
OH gep nanford_data_
VY
2 Py

Fracford_data =
- xoo2_aml1|'Cm’r‘Qw:mil

Fhantoed dotg, = 0-672
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OHep_tunford_ogden_

2 'vsup“

Fhaaford_ogden, =
i . o2 _amb’ C!.i.r' Q\-‘m tl

Fh:nI's:rd_q;dtnii =0.865
id e 10+ 1

OHde peale = DHdep

Idata

OHdePdmald, = OHdep hanfunl,,duta_'vsup,,
a u u

The depletion rate based upon the Hobbs model is
OHdEP*ﬂ!hsim = 2Xc02 g Caie'Q Frontod OHigacs)
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Figure 3-24. AZ-101 Caustic Depletion Data.
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Figure 3-25. AZ-101 Waste Temperatures.
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3.1.9 Tank AZ-102 (2/95 to 10/01)
The GH and waste volume data is shown in Figure 3-26, RPP-26676. The evaluation is hroken up into two periods. ‘'The first is
from 2/93 to 7/99) The average waste volume during the period of evaleation is

{927 + Y97
Voasie az2 = ————=kga

|
Vivaste_azz = 962 kpal

The sludge volume is (Hanlon 2003)
Violids azz = 105000gal

The supematant volume is

Voup, = Veaste a2 = Violis 2

Voup, =857 kel

"The annual supematant temperatures are shown in Figure 3-27, TWINS 2005. The average supemaant temperature is
Tsup_arz = 110.9F
The vapor temperature is not available. The average temperatue differsnce fur all Hanford tanks will be used {Section 3.3)
Arl‘hﬂ.nford = 2.0F

10
The average dome temperatare usged for the cvalvation is

Tdome_azz = Tsup a2 T AThanfordl "

The primary tank ventilatian system flow rate is (Excel file 702AZ_flows)
Quent s 102¢fm
i

The initial OH concentration (Figure 3-26)is
O11M + 02M

2
OHhanford_datam =0.016M

OHhmford_data] " =

mole
T

5000
CO3,yy; =

.][)yr

Vs“"m
€03,,; =0.615M
ii=10
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Q:= Q"“"‘a

Twup = sup_nzl

CO3,,k = CO3,,

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3, gyens = 0.262M

OH lig_mass_transfer - %H_qu(ATliq * Tsup * Dhq + Aani- OHgyry . OH; _3&«5)

COBass_ transer = “’f‘.t’)i(”rhq -Tsup' Dlsq"'\!mk-cosbuﬂvco-ai _gms)

Cozmmm_tmnsfcrﬂliq = mCOZ_l.iq(ATliq ' Tmp- Dliq » hlmk ' OHdnlu- OHx_gucss v CO}bulk ' C03i,,gueaﬁ)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 34.7-ppm
OHep = %H_nh{AThunrnrdn-Tmp-I)tmk-"\unk-OHi_;ueﬁocc”i guess» Xco2_balk _guﬂis]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH
dep
Xco2_bulk_cale *= lmu(o- y )

Xco2_bulk_cale = 34.465 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdcp_bult =2 Cmnus_msfer_liq

The rate that OH is depleted at the surface is

OHgep surfiace = OHgep — OHgep puik

The OH surface depletion rate must he equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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M
OHdcp_m.fud_ogdmi =0014—

yr
The maximum OH depletion rate is

2%c02_amb Caic Queat.
OP{@_M =

Viap,

OHyep ax =0.015 M

yr
The depletion rate hased upon the Hobbs model is

zxcoZ_amb’Cair' Qvenr‘d' Fhohhs(Othnford_d mu)
Vv

s‘Ilpll

OHgep_hanford_hobbs ‘=

OHdzp_hmhﬂ_ms_, =6659% 10 : ‘L—{
s yr

The canstic depletion data is shown in the figure below. The depletion rate is

s M
(§) = 1.14-10 "—
Hck:p_hmfon[_dﬂai o

_3M
OHgep funtond i, = 4164 10 3;

The catban dioxide absorption rate based on the Hanford OH concentration data is
OHdep_hanfnrd_damn

2 'Vsup i
Fhanford_dara =
T )‘ct.'»‘_’_aml."C.‘nir'Q\rl:nl.l
Franfoed_cata = 0277

RPP-26678 Rev 1
CAUSTIC DEPLETION JMI-NB-05010101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK
OH Depletion Rate
The OH deplction rate is twice the CO, rate and given by
OH ey
OHyep hanford ogden =
“  Vep

B-81 of B-280

L A TP MR B £ 40, S e e e AR s -




Page 244

of 440 of DA0B023333

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

O%Muﬂ_mﬁ .
2
%Z_Mb'cw'q\remﬁ

oy

Chantons_vgden, ™=

Fhallfnl‘d_ﬂsmﬁ = 0.9(4
igara = 10 + i

0 Hdgpcalcid =0H dep
aia

m:'[del:uiamlLlll = OHdep_hanfodeuta‘i'Vsup“

w

The depletion mte based upon the Hobbs model is

OHdephobbsim = 2%02_aumb' Cir @ Propoel OHas)
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Figure 3-26. AZ-102 Caustic Depletion Data.
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Figure 3-27. AZ-102 Waste Temperatures.
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3.1.10 Tank AZ-102 (7/2002 to June 2005)
The OH and waste volume data is shown in Figure 3-14, RPP-26676. The average waste volume during the period of evaluation is

Vwasie_vl = 996‘“'@1

The sludge volume is (Hanlon 2003)
Vieolids_sz2 = 105000gal

The supematant volume is

Vwupll = Vyaste_ae2 — Vsolids_az2

Vaup, = 891 kgal

The annual supematant temperatures are shown in Figure 3-15, TWINS 2005, The average supemaant temperature is
Toup_aaz = 110.9F

The average temperature difference for all Hanford tanks will be used (Section 3.3)

ATI:!IM“ = 2.0F

The average dome temperature used for the evaluation is
Taome w22 = Tsup 222 ~ ATantina

The primary tank ventilation system flow rate is (Excel file 702AZ_flows)
Qm‘" = 102cfm
The initial OH cancentration (Figure 3-14) is
A176M + .118M
2

OHyanford_dara =

OHhmford_data“ =0.147TM
5000 mole

COBy, =

Alyr

Py
CO3y = 0.015M
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Q = Qve'nl__

T:.'up = lsup_azl

CO3y,1x := CO3,,

Step 1 - Calculate the Liguid Side Mass Transfer Rates

CO3,_guess = 0267M

OHyig_mass transter = mOH_liq[ATiiq * Tsup+ Diiq+ Acanks OHgara ()Hi_gum)
CO3 pass_teanser = m(ﬂ‘l{ﬁTliq-Tsnp-Duq-!\m-com.co% 8“'55]

Cozrrum_u-.ms fer_lig -~ "')CDZ_IJq(ATqu » Tsup- Dliq + Atanks OH g, OH; _Buess CO3pypy» C03i_ ;uess)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 34.7-ppm
OHd.::p = mOH_ni.u{dThmfmdi-Tsmp'Dumk-Aimk'OHi_suﬁs'C03i guess ¢ Kca!_h.llk_gmu)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHgep
Xco2_bulk_caic = "buu[o-

2
Xco2 bulk_caic = 34.465 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHllcp_bull. (il 2'C0211m5_tmnsfer_liq

The rate that OH is depleted at the surface is

OHgep surface == OHd,p - OHgep_bulk

The OH surface d

letion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH Depletion Rate

The OH depletion rate is twice the CO, rate and given by
OHgep
OHdep_innﬁud_ugl!en._ =
= Vw

P.

u

M
H ; =0.013—
o) dep,,hantnrﬂ_ngdenﬁ yr

The maximum OH depletion rate is
2‘]“:t‘.12__';i1|'1b'Cair'Qv:l:lt’l

OHdep,,ruu ™ v
sup,

M
OHgep_max = 0014 —
yr
The depletion rate hased upon the Huobbs model is

lez_mh'cai:'Qm;me(OHhmm_duJ
V.

OHgep hanford hovks_ =

SIJPLI

_1M

OHMP hanfard_hohbs =8.738x 10 ]—

i _hobbs_ ¥

The caustic depletion dala is shown in the figure below. The depletion rate is

-s M
OH, =522-10 "—
dcp_hmm_dma‘ da)'

M
OHyep tunford_data. = 0019 —
'] YT'

This exceeds the maximum for the assumed ventilation flow rate. The calculation will be compared to the maximum rate.

OHdap_hanfnrd_dataﬁ = OHdep_mnx
The carbon dioxide absorption rate based nn the Hanford OH concentration data is
OHdcp_ha.nford_nalau

2 3 Vsu P,

‘nﬂl_mlb'ca‘ir'mea

Franford daxau =

Fhanford_dara, = 1
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OHaep henford_ogdes,
V.

sup_

2
Xon2_amb Cair meﬁ

Fhanford ogden =

Py ford_ogden = 0.904
id!ta = 10+ ii

OH = 0OH
d:p:a!c!dm dep

OHdepdl.ta’ L = OHdcp_hanfo:d_dstaﬂ' Vaupi

The depletion rate based upon the Hobbs model is
Oﬁambsm = 2%co2_ub Cair' @ Frobn OHutaa)
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3.1.11 Tank AY-101

The OH and waste volume data is shown in Figure 3-28, RPP-26676. The average waste volume during the period of evaluation is

Viasie_ayl = 00.12in- Ay
Vypaste_apt = 182.094 kgal

The sludge volume is (Hanlon 2008)
Veolids,_ay1 == J0kgal

The supematant volume is

Vs.upl2 : waste_ayl — Vsolids_a:.'l

Vyp,, = 86.094kgal

The annual supematant and dome temperatures are shown in Figure 3-29, TWINS 2005. The average supermaant temperature is
'l'dome_ayl = ROF

From GOTH analyses
AThanford =9F
12
The average dome temperature used for the evaluation is
Tsup_ayl = Tdomc_a}'l + AThanfmd“

The primary tank ventilalion system flow rate is
Quet = 340cfm
12

The initial OH concentration (Figure 3-28)1s
3.09M + .782M
DHhanfcrd_datnu = '_"-'""2—

OHhod_darn, = 1.936M

i
60000 | Syr
(e T R . SO—.
et
CO3;; = 2.762M

ii == 12
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Q= chnl”

Toup ™= Taup_ayt

OHjpy = ()Hlmnt‘wd_dnau

CO3, = CO3y4

Step 1 - Calculate the Liquid Side Mass Transfer Rates

OHqu__mm_mfcr = mOH_Irq(AThq * T:up J Dhq v Aumk» OHdam ’ OHi _gncss)

COBnass transter = %3(AThq-Tmp- Diig + Agani> CO3pyp. CO3, _gum)

CO2 s transier_tia = 9002 tig(ATiiq: Tsup- Diiq: Avanks OHgaeas OH|_guees: CO3pates CO3; _gucss)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.,

Xeo2_bulk_guess = 60ppm

OHdcp = (')Oﬂ_xir[AThmﬁ:xdi'Tmp'Dlmk"ﬂimk'OHLglm'CO:;i _g.um'xto'.' bulk guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

(}qu,
Xco2_bulk_cale = Xpat| Q. 2

Xco2_bulk_caic = 60.368 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep putk = 2:CO2p055 jransfer_liq

The rate that OH is depleted at the surface is

OHgep_surtace = OHgep — OHgep_puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be halfl the surface OH Depletion rate.
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OH Depletion Rate
The OH depletion rate is twice the CO,, rate and given by
OHyep
OHgep_nantord_ogden_ =
- Vsupi

M
OHdnp_hanﬁnrd_ngdenﬁ = 0-415;

The maximum OH depletion rate is
2&cz_mab‘cm‘chmu

OH, e
dep_imax vﬂpi

OH g max = 0499 %
The depletion rate based upon the Hobbs model is

2Xeo2_amb Cair va&'Famis{OHhm ford_d uan)

OHyep anford hobbs. =

Vsep,

M
OHMp_hulnrd_hd:b;i =0.3% ;
The caustic depletion data is shuwn in the figure below. The depletion rate is

-3 M
OHdl.’p_hlnﬁnd_dnﬁ =1.12-10 Ea;

M

OHtiep_l'lm'lford_danlﬁ = 0.409;

The carbon dioxide absorption rate based en the Hanford OH concentration data is
OHdcp_hanfmd_dalﬂ“
_"_"é‘__'vsup“I

Phoaford_dua, =
=l Heo2 mnh'cair'Quemﬂ

Fhanm m- =0.819
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OHdep_hanfnrd_ngdenﬁ
2
xcofz_amb‘ Cai.r' Q\'cm\lj

vsupﬁ

Fhmfurd_ugdeuﬁ =

Dhanford_ogden, = 0.832

mole
OHdep_ccnd_rm = K40
¥
i OHdEP_Cond_retum
OHdup_cund_rcimLugdm e
Vmpii
M
OHdEP_cund_retum_agdm =258 —
¥y
OHgep_cond_return_ogden
2 Voup,

Feond_retwm =
xocz_amb‘ C air’ chntﬂ

Feond_reum = 0316

g 104

OHde[Icalc‘_d" = OHdep

GHdepdala_d = OHgep nanford_data,* Vsup.
Tdaru i i

OHgopgn = 1333 10° 22
Tdara yT

The depletion rate based upon the Hobbs model is
Ol gephobbs. ™= 2Xeo2 b Caie' @ Fhbiosl OHuta)

Yl
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Figure 3-28. AY-101 Caustic Depletion Data.
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Figure 3-29 Tank 241-AY-101 Vapor Space Temperature
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Figure 3-30 Tank 241-AY-101 Waste Level.
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Figure 3-31 Tank 241-AY-101 Primary Ventilation Flow.
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3.2 AVERAGE DOME AND SUPERNATANT TEMPERATURE DIFFERENCE

The temperature difference between the dome and superatant is not know for the SRL tanks. The average of the three Hanford
Tauks (nol Lo include the Aging Waste Tanks) is osed in Section 3.2,

12
Z AThan ford,

i=1
"—“Thmuford_ave = 12

ATthfUId_uve =2.228F
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4.0 LABORATORY HYDROXIDE DEPLETION TESTS
4.1 INTRODUCTION

A scrics of test were performed in the laboratory to evaluate the effects of CO, absorption on low hydroxide samples contained in
beakers, FH-030263(, Report on the Evaluation of Potentiometric Titrations to Determine Hydroxide. These data are used 1o
benchmark the hydroxide depletion model presented in Section 2.0.

The tests to measure the CO, absorption rate from vials used 15 to 20 mL scintillation vials which contained 10 mL of Ol M
hydroxide selution, Figure 5-1. The samples were slowly stirred for varying times and the hydroxide titrated to determine the
concentration at 20 minute intervals, FH-0302360. It is assumed that the samples were in thermal equilibrium with the ambient air.

Figure 5-1 Kelly Carothers November 14, 2005 E:mail.

Donald dian

Fram: "Ogden, Donald M" <Donald_M_Ogden@RL .gov>
To: <dmogden@icehouse.net>

Sent: Monday, November 14, 2005 8:07 AM

Subjeci: FW: Core 317, Segment 18 DL evaluation

----- Original Message--—--

From: Carothers, Kelty G

Sent: Wednesday, November 09, 2005 7:45 AM
To: Ogden, Donald M

Subject: RE: Core 317, Segment 18 DL evaluation

Don,

The reference with the data is letter FH-0302630, "Report on the Evaluation of Potentiometric Titrations
to Determine Hydroxide." The section on the carbon dioxide absorption effect on hydroxide staris on
page 25. If you have access to RMIS, you can view the report through that database; otherwise I can fax
you the 3 pages of the report with the discussion.

The beakers used in the tests were 15-20 mL scintillation vials with 10 mL of 0.01 M hydroxide
solution. The internal diameter of these vials is | inch. The neck is narrower, but the solution would be
at the | inch diameter region.
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The hydroxide depletion rate based upon the CO2 absorption tests are shown in Figure 5-2. Measurements were obtained every 20

minutes. The OH-ion depletion rate is calculated for each 20 minute period as shown in Figure 5-2.

_s M
ounhp_llh’ = 6310 E
OHgep 1ay, = 6.78: w"sﬁ
= 2103 M
OHdgp_lub] =710 o
OH,jiy = 009695M
OH,jy = 008435M
OH i = 00708M
OI-I,,i,,i = .00568M
Figure 4-1 CO, Absorption Test Data.
0.012 0.00008
g 0.01 s = A 0.00007
& A 2
¥ 0.008 1 0.00006
£ 3
E 0.006 0.000056
| O + OH Concentration Data ’
g 0.004 - —h—o"i m‘pleﬂm Rate L 0.00004
5
>
T poo2 0.00003
0 - - - - 0.00002
0 10 20 30 40 50 60
Time (minutes)

Hydroxide Depletion Rate (M/min)
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4.2 CO; ABSORPTION TEST INPUT PARAMETERS

Input parameters for the CQ, absorption test are given in Figore 5-1 and FH-030263(). The inside diameter of the vial iz

Dyia = lin
The surface area is
£ e D,
4
Ayia = 0.785in”

The vial used for the test is shown in Figure 5-3. The volume of the right cylinder below the neck is

.
Viial_eylinder = Aviar[lm t Elﬂj

Vvial_cyljnﬂer =24,132 ml

The sample volume in the vial is

V“mple = 10ml

The sample depth is
vsamplc

Dampte = 5

Dyl = 038810

Diiq = Dgample
The sample is assumed to be near equilibrium. The assumed temperature difference is
AT, iu = 2F

The temperalure 1s assumed to be
T(:B]] = 72F

The initial OH concentration is

DHvial_init = 0097TM

The tima pericd between measurements is
Aty = 20min
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Figure 4-2 Scintillation Vial.
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4.3 HYDROXIDE DEPLETION RATE EVALUATION

There is a column of air above the sample in the vial. The analyses assumes that the air in the vial neck is mixed either by natural

convection or from the slow stirring of the sample that occurred during the test. The CO2 concentration of the bulk air exists in the
vial bottle neck.

Xeu2 = 360ppm
AThq = 5P
CO3yiq = -000001M

4.3.1 Hydroxide Depletion Rate for Period 1

Step 1 - Calculate the Liquid Side OH Mass Transfer Rate
The OH mass transfer rate on the liguid side is calculated first based upon a guess at the OH concentration at the liquid interface.

The iess is revised until the OH depletion rate agrees with the liquid side OH mass transfer rate (step 3).

OHjq mass_transfer ™= %thlﬂThq"l'un- Daamplc - Aviat: OHyias , OH; pm)
Step 2 - Calculate the Vapor Side OH Depletion Rate

OHyep = @om_siel AT Teent- Diats Aviats OHi_gucss CO3viats Xeo2)
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate

The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.
The OH interface concentration is adjusted and the three calculation steps are repeated until these numbers agree.

The molar depletion rate is given by
OH,
dep
OHdep_:alc =
< vsnmple

_s M

OH =8673x 10 "—
S, min

The measured molar depletion rate is

s M
OHgep 1y =63x 107°—
-1 min
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4.3.2 Hydroxide Depletion Rate for Period 2

Step 1 - Calculate the Liquid Side OH Mass Transfer Rate
The OH mass transfer rate on the liquid side is calculated first based upon a guess at the OH concentration at the liquid interface.

The iess is revised until the OH depletion rate agrees with the liquid side OH mass transfer rate (step 3).

OHjig mass_trunster = 0H _|iq(ﬂT|iq-Tceu- Dgampie  Aviat: OHyiat - OH; _gum)
Step 2 - Caleulate the Vapor Side OH Depletion Rate

OHdcp = mOH_si!(ATvinbTceler\riul'Avial' OH; _puess CO3iar. xcnl]
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate

The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.
The OH interface concentration is adjusted and the three calculation steps are repeated until these numbers agree.

The molar depletion rate is given by
OH gep

V.

OHd: p_cale_ =
sample

s M
OHyep cue = 7.562 10 - =

The measured molar depletion rate is

OHyep i, =678 % 107 =

mn
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4.3.3 Hydroxide Depletion Rate for Period 3

Step 1 - Calculate the Liquid Side OH Mass Transfer Rate
The OH mass transfer rate on the liquid side is calculated first based upon a guess at the OH concentration at the liquid interface.

The iss is revised until the OH depletion rate agrees with the liquid side OH mass transfer rate (step 3).

OHjiq mass_ramsfer = ﬂhma.{ﬁqu-Tmn-Dum#-m-OHﬁmz-Uﬂa m)
Step 2 - Calculate the Vapor Side OH Depletion Rate
OHgep == @on aiel ATviat: Teets Duiats Avial: OH;_guesss CO3viat Xeua)

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.
The OH interface concentration is adjusted and the three calculation steps are repeated until these numbers agree.

The molar depletion rate is given by

H OHdcp
E ﬁuk’ - Vﬂ.ﬂ'lpll
s M
OHep_catc, = 631 10 e

The measured molar depletion rate is

OHgep.jap, =7 % 107 5 %
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OHeae = OHyia ~ OHyep cate Abvial
Ochh;z = OHcalc] = OHdep_:a.lc:' Atyig

OHeue = OHou:, = OHaep catc Al

0 A
796x 10 °
OHye = LM
6448 x 10

5.186% 107>
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Figure 4-3 Predicted OH Depletion Rate.

0.012
¢ Data
0.01 . —e— Calculation
' —Linear (Data)
g B
c =-6.7E-05x + 9.7E-03
_g 0.008 +—
£
&
£ 0.006 |
8 Kﬁh
4]
5,
E 0.004
-
£
0.002 =
0 : : .
0 10 20 30 40 50 60
Time (minutes)

The predicted OH depletion rates are compared to data in Figure 4-3. The is reasonable agreement for each 20 minute period. The

average depletion rate over the entire lest period is
OHyjg — OHyjq
137 0 3
OHdep__data_avo F

60min
_5s M
OHdep_daln_am =6,602% 107 —
min
OHyiy — OHege,
OH W - AT
dep_calc_ave P

_s M
OHch cale_ave = 7.515x 10 5_.
o min
s M

OH wave = 6.7:107
dep_daty_uve bk

The there is excellent agreement with the average OH depletion rate.
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5.0 DATA COMPARISON WITH VAPOR SPACE SHMS DATA

5.1 TANK AY-102

The OH and waste volume data is shown in Figure 5-1.

Vi, 1= 828000gal
Vi, = 467000gal

leldﬁ = Iglﬂ'A‘mk
The supematant volume is
vu.y!sup y = Viaste = Violids

\'.Jig;lu.apu3 = waste, — ¥aolids

ATM = ATm rndﬂ

The initial OH concentration (Figure 5-1) is
OH&YZ,_ = .061M

OH,, = 58M

z

OH“Q = 082M

3
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5.1.1 Period 1
Quyz = 425cfm
Tsup = Tsvup_aﬂ
OHgga = OHay?f

20000 2% 1 gyr
COByyy = i
Vayzsupl
€03, =0.123M
ATy = 0F
Dj;q 1= 4in
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Q= Qa)‘?.

M -

CO3yyi = mjayl

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3,_gyeys = 0.356 M

Ol Illq_mass_lraml'er = mﬂ}[_liq(a']'liq , Tsup . l)ll'q + Aanks OH gy, OHi_gmm]
COBuss trunsfer = C“COI%(ATqu-Twprnliq-Allnk-CO3hulk-C031 _guess)
Cozmassutrmsfctﬁliq = ('k't}z_luq(ATqu-Twp- Dhq'%&-OHdm-OHi_gum-COJ‘m]k-co}l __guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xu2 bulk_guess = 291ppm

OHyp = %H,-ir(ATs_n‘z-Tmp- Diank: Avank: OHi_guess- CO3;_gyess: Xcaz_bulk )
[nterate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH,
Xeo2_bulk_cale *= ’M{Q- g cp]

Xeo2 bulk cale = 290.692ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH de

letion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

0}']dep‘buik = z'cozmass_mnsfer_liq

The rate that OH is depleted at the surface is

Ol ldep_mrfare = OHdep =3 OHdep_hulk

The OH surface depletion rate must be equal to the mate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

B-116 of B-280




Page 269

of 440 of DAOBOZ23333

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

x002_pnr|l = 400PPm
The carbun dinxide absorpiion rate based on the Hanford OH concentration data is

OMlacp
2
Fyp = ——————
aﬂ' Xeo2_amb’ C:air‘ Q
Fayzl = 0193

szl = xi:aZ_}'n'uﬂ'(l = Fayﬁl)
Copz = 322991 ppm
1

i = 23
OHdepcalci f OHdep

it

CO24,1. == 299ppm
CO24ata
Xz02_pnal

'D[-Idt‘:pdalaitI = 2[1 7 ]'xcol_amb'cair'q

The depletion rate based upon the Hobbs model is
OHdL'phuhbsid = 2%t Cair"Q Frobbosl OH gt

ats
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5.1.2 Period 2

The analyses for this period was done in Section 3.1.7.

DHd.cpcak:s
2

Fﬂ.ﬂ =
2 Aco2 amhb’ Cair Quem "

Fayz, = 0493

Cen2 ay2 = Xen2 _pnrﬂ'(l - Faﬂz)
Couz_uy2 = 202.692 ppm

fgaa = 24
OHdcpcalc = C‘['[dm.)ca]c
Idma %

CO024,, = 144ppm

CO%,
OHdepdata_d & |:[I - & J'XGGZ_nrnh'Cair'Q:|‘2
tdata

Xco2_prnt

The depletion rate based upon the Hobbs medel is
DHdephohbﬁjdm = 27‘{:02_amb’cajr'Q'Fhobbs(OHdatﬁ)
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5.1.3 Period 3
OH gy, = OF l.ﬂ!
Q:= Qay.‘.

Tsup = Tsup_uyl

COBpyp = CO3yy
Step 1 - Calculate the Liquid Side Mass ‘I' ransfer Rates

CO3, guess = 0.356M

OHHq_mm_mﬁ:r = m()H_{iq(ATliq . Tsup . Dliq » Aganks OHdau- Ol{i gutsa)
COB pas_sranster = ©003(ATiiq: Toup- Dig: Arank- CO3pai- CO3;_guess)

CO2pes_tramster ig = Oc02._siql ATiiq - Tsups Dhiq» Acanic: OHgatar OH;_guess . COB3pui» CO3; guens)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 238ppm

OHdep = oy _ai:(drayZ-Tsuy-Dluk-Auu.k'OHt_;u:stOl_gms'w_hlk_gm)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH@
Xeo2 bulk cale ™= Xbu Q-—z-

Xeo2_bulk_cale = 260.757 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The mate at which OH is depleted in the bulk liquid is

OH-lcp bulk = z'cmmns_mﬁrr_hq

The rate that OH 1s depleted at the surface 1s

OHgep surtice = OHgep — OHgep

‘The OH surface depletion rate musl be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Xco2_punt = 400ppm
The carbon dioxide absorption rale based vn the Hanford OH concentration data is
OHgep
s

P S—
4 X2 amob'Cair'Q

By, = 0276

Ct.ul‘ =5 x1:::z1_{.‘ll!!.1(1 = Fryla]
sz} =289.73ppm

i:l.nta p
OHdernlm = OHy,,
CO244. = 299ppm

CO24z,
OH =2[1-—=| CarQ
depdata ( Xeo2 [) Xeo2 amb

The depletion rate based upon the Hobbs model is
Oqu:dehsim = 2Xeod_smb CairQ Fains OHara)
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Figure 5-1. AY-102 Level and OH Data
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Figure 5-2. AY-102 CO, Data.
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5.2 AZ-101
The analyses presented in Section 3.1.8 15 used.

OHgep = OHyep_nantord_ogden, Vaup,
OHesy

2
xco!__arnb' Cair‘ Qw.ntg
F,; = 0.865

Con2 = Koz pnar{! — Fuzt)
Ceqz = 53.91 6 ppm

Ful e

idan = 26
OH = 0H
depeae, dep
CO2y,, == 97ppm
CO2y
ondepdll_ = [1 - }xcul_uxt'cair'Q'z
‘data Xco2 pan!

The depletion rate based upan the Hobbs model is
OHdcphd:bsih = 2%02_amb Car @ Fhobba{OHhufnrd_dara')
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Figure 5-3. AZ-101 CO, Data.
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Anatyses parameters presented in Section 3.1.9.

S5 3TANKAZ-102
Q= Q\rentlo
rrsup = Tsup_azi

ATaz?. = AThanfordm

OH gyq = 0.02M

ATﬁq = 0F
Dyy == 4in
6000 2% 20yr
03, = .
Vsqu

CO3,,, = 0.037TM
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Q:= Qventm

'l‘sup = T!.up_s.zz
CO3yy = CO3,,,

Mi‘ 1 - Calculate the l..iin.id Side Mass Transfer Rates

CO3;_gpess = 2.23-COBygp

OHiiq mass. transfer = D0kt Jigl ATiiq - Tsup+ Diig+ Avaaks Olatar OH;_guess)
C03ml.su,,l.ra.miw = ml,‘lB(A'rliq » T.wp- r-’liq + Aranis CO3pyikcs C03i_g.uesa]
Cozmass_transfer_ﬂq i mCDZ_qu(ATliq»Tsup- Dliq-AlmkvOHdam-OHi guess: CO3py1k. CO3; _guesa)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_pulk_guess = 268.5ppm

OHgep = ®08_sil ATa2. Tsup Diank Ataniks OHi_goess»CO3;_gness Xoo2_bulk M)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

(8]
Xeo?_bulk_cake = xbulL(Q-THdep)

Xeo2_bulk_calc = 269.35 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHyep pulk = 2-CO2pyss_transfer_tiq

The rate that OH is depleted at the surface is

OHyep surtace = OHgep — OHaep pulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
e il e
2 yr

OHaep
2z
Fs e
-, Xcoz_amb Cair' Q
Fyy =0.252
2

CcuZ = x\.‘u?_pnul'([ - Fnﬂi)
Ceoz =299.277 ppm

igan = 27
OHdePcdcimu = OHdtp

CO24y, = 243ppm
CO2yya
Keo2_punl

OH-dcpdntnidm = [1 = ]'xcuz_,amh’cair'q’z
4

The depletion rate based upon the Hobbs model is

OHdephohhsld = 2Xee2 amh'Cnir'Q‘Fhuhhs(OH]mnfurd_dntnq)

LIEY

Figure 5-4. AZ-102 1999 Carbon Dioxide Data.
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5.4 AWF Ventilafion Dain
5.4.1 TANK AY-101 August 2000

Parameters taken from Section 3.1.1 1,

Q:= Qyenr ,
Qy1=Q

Taup = Tsup_ayt
ATyt = AThangord
OH,,, = D.00006M

ATy = OF
Dy, := 4in
le
15000 —— 15yt
003,y = X
Vsuplz

CO3,,; =0.69M
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Sii 1 - Calculate the Llﬁd Side Mass Transfer Rates

CO3; guess = 1.0001.CO3y5

OHlilmms_lmshr = mClH_]iq(aTliq-Tsup- Dliq +Agank» OHgaras OH, _gucss]
C03m“, transfer = “JCOS(dTqu-Tsup-Dliq °Atmk-C()3hulk'COSiJuc&sJ
CO2mass tranter_tia = @02_igl ATig Toap: D+ Atank» Odata: OHi_guessr COBputir CO3;_guens)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xea2_bulk_guess = 359.9ppm

Oqu-l = %“_lﬂ(‘&-rlyl‘Tﬂlp‘DM°A(mk'OIil guessoCO:"i _;mss-xtoz,,b\uk_xncm)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

I Oqu,
Xeo2 bulk_calc = Xbul "—2'-

Xeo2_bulk_cale = 360499 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHd:p_bmk = 2-CO2p55 transher lig

The rate that OH is depleted at the surface is

OH dep_surface *= Oﬂdup i Ol'ldlcp_ bulk

The OH surface depletion rate must be equal to the rate of mass transfer Lo the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Ollsep _ _ 1.g9q 20l
2 o
OHarp
% 2
Fopri= ———— ———
% J‘-:02_&111I:u'Cair'Q

Fy =-1.387% 107°

Cooa = xcoﬂ_punl‘(l i Fayl)
C,oz = 400,355 ppm

OHdep,y; = OHyep

The depletion rate based upon the Hobbs model is
OHdephobbsay) = 2%cez_amnCair Q-Fronbel OFgara)
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Figure 5-5. AY-101 Carbon Dioxide Data.
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542 TANK AY-102 August 2000
Parameters taken from Section 3.1.7.

Q = Qveut?
Qaﬂ =0
Tsup = Tsup_aﬂ

AT = AThanford?

OHy,., = 0.012M

ﬂT[iq =0T
Dyjq := 4in
|
15000 —<. | Syr
o R —
ay2 -—
V.sup,‘r

CO3yyp = 0.122M
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Si 1 - Calculate the Liin'd Side Mass Transfer Rates

CO3_guess = 1905 COByy

()Hliq_,ma.as_tnns[cr = Wy qu[ATiiq'Tuup-DHq- Amnk-()Hdmn'OHi_guuxs)
COSlnus_uunsrcr = mCDﬁ(ATqu-'[‘snp- [)Hq + Atank» CO3pyik, CO3; _,uuv:ss]
Cozmm transfer _liq = mOﬂ!_liq[&Tliq'TuupvDliq-Atank-OHdma-OHi_gutm-CO:;bulk'C03i _guwis)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 347ppm
OHdcp = (')()}I_arr('Q'Thazlfm'rl,.!I s 'I.sup‘ Dunk- Aunb OHiJ.MB * CO?’i Euess xcnz_lmlk_gum]

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

) Uqu,
Xeo2_bulk_cale == Q. -

Xco2_bulk_cale = 347-204 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OF {dapubullr. = ?-'Cozrnm_t:ansfer_qu

The rate that OH is depleted at the surface is

OHyep_surfuce = OHgep = OHgep bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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o
How _ 3 616 10720

yr
b
2
F SR ———
. Xco2_amb’ Cuir Q
Fay2 = 0036

Cctﬁ = "coz_pnnl'(l - F&yl)
Copp = 385.782 ppm

OHdep,y; == OHgep

The depletion rate hased upoen the Hobbs model is
OHdephobbs,y = 22 amb Cair @ Frohiosl OHguia)
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Figure 5-6. AY-102 Carbon Dioxide Data.
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5.4.3 AZ-101 August 2004

Parameters taken from Section 3.1.9.
OHdap = DHdep__hanﬁ‘n‘d_agdeng'vsupg

OHgye,n
F "
e
= oo _anh'cair‘anlg
Py, =0.865

C{.tﬂ = Xeg2 pnnl‘(l = Ful)
Ceo2 = 53.916ppm

OHdep,;| = OHgey
Quz1 = Qventg

The depletion rate based upon the Hobbs model is
OHdephobbsa: = 2can st Cair' @ Probts OHastord care )

5.4.4 AZ-102 August 2000

Results fram Section 5.3 are used here.
OHgep = OHgepcac,,
OHgep

2

xcol_umh’cuir’Q\'enlm

Fug =

Fyps = 0.252

Cer = &mzm‘(' = Flﬂ_)
Cenz = 299.277 ppmt

OHdep,,; == OHd,_p
Q= Q‘mlo

The depletion rate based upon the Hobbs model is
OHdephobbs, 2 '= 2%X02 amb Cair Qazz: Fhobbs((.02M)
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OH Molarity

0.4

Figure 5-7. AZ-102 Carbon Dioxide Data.
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5.4.5 AWF Vent Results
Quwt = Quy1 + Quya + Qo + Qa2
im = 28
OH@WBE — OH(.ED“[ + GHdcp,ﬂ + OH(kpul + OHdep,ﬁ
‘3wz

1
OHgopeaie  =8.101x 10° 7
igaa

Fawt =
X2 _ami' Cair Qawe

Pyt = 0.167

Cez = xcn!_pnn.l'(‘ l Fw’f)
CCOZ =333372 pPpm

OH‘mm.m = OHdephobbs,; + OHdephobbs,,, + OHdephobbs,;; + OHdephobbs,,>

CO2yy = 325ppm

COZ%n
OHdcpdma,_ = (l o 'xcnz_mb'cw'ozwf 2
feintx Xeo2_pnnl
|
OHyopgae. = 9119% 10° ==
L TEY y[
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Figure 5-8. AWF Carbon Dioxide Data.
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5.5 TANK SY-101

Q1 i= 333cfm
T:iup_syl = 80F

The vapor space/supematant temperature difference for Tank SY-103 is used since thesc data are not available for SY-101. The two
tanks have ahout the same heat load since the ventilation flow rates and supematant lemperarures are about the same.

ﬁTs,[ =27
Viup awt = 736kgal

ATy, = OF

500 mu]el

CO35Y' =

8yr
Vsup awl
CO3,,, =7.179x 107 °M

Ltmt_syl = l6in
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Q = Osyl
Tsup = Tsup_syl
CO}hu]l: — C03ﬁ).1

Si 1 - Calculate the Liid Side Mass Transfer Rates

CO3; yuess = 490-COBy

OHqu_mass_msfcr = mﬂﬂ_liq[ﬂTliqeTsnp'l'\.ml._;yl'E'AunkaHdn'OHi _guu'i)
CO3ass. tramster = Bc03(ATiiqe Teup: Leruse_syt « E-Aanks COBtuiks CO3;_guess)

Cozmm_mmrzr_liq £ mCD?_liq(ATliq-Tsuancml _sth'Atnnl-OHdma-OHi _gm::.s'COSbulk-cosi _gum)

Step 2 - Calculate the Vapor Side OH Depletion Rate
'The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess *= 343ppm
OHdtp = ‘DDH_air(‘aTsyl -Tlmp- Dinics "‘lmk’OHl_gu.'ss‘CO3i_guess- Xeo2 hulk_guc.u]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

O
Xeo2 bulk calc = -"bulk(Q- 7"@)

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based u

The rate at which OH is depleted in the bulk liquid is

OHdcp_bnlk &= 2'C02111u5_l.rnn.afc.r_hn

The rate that OH is depleted at the surface is

OHgep surfice = OHgep — OHgep buik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

n the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.
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o
Bio _ 1 006x 16° ™2

yr
Ofep
2
iy = ———
Y Xeo?2_amb’ Cair' Q
T, = 0039

Ccaz = xcc.uz_pnnl‘(l = Fsyl]
Cc02 = 384.41 ppim

idlll = 29
OHW‘kih = OH@
CO24yy, = 360ppm
OH =|1-
o

OHdepyy i= OHyep
CO%y, = Cenz

X:02_poal

]'xmz_amb'cair‘Q‘z

The depletion mte based upon the Hobbs model is
Uﬁwmiw = 2%ce_anb Cuir' @ Frote{ OHdats)
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Figure 5-9. SY-101 Carbon Dioxide Data.
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Figure 5-10. SY-101 Waste Temperature Profile.
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Figure 5-11. SY-101 Carbon Dioxide Data.
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5.6 TANK SY-102
5.6.1 Tank 5Y-102 Period 1
Qs}-: = 330cfm
Ts.p_wz = 65F
ATWQ — AF
OH”:I = 0074M

OH,y, = .182M

Vi i= T4Tkgal
Vy2saiias = 145kgal

Vaupayz = vsyZ = ¥sy2solids

Aleq =0F
Dhq = 4in
25000 2% 200r
CO3,,, = = -
Veopsy2

€03, =0219M
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0 DHsyEI
O = QB)Q

Toup = Taup sy
C03|m|k — C03‘Y2
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3,_gyess = 0373M

OHliq_m:ss_mier = Wy _hq(AThq'Tsup- Dliq»AunbOHdau-OHi _;ucsa)
COBnass_transor = okfnl(ATiiq'Tmpl Dliq' Alnnk’C03huIi.°CO3i_guess]
Cozmlun_m.nsfur_]iq o '-UCO!__ qu(’—\Tliq . Tsup- I.’qu' AranbOHdnm' OHi_guexs -Coghulk- C03i__gueus)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 265ppm
OHgep = Do_aill ATey2: Toupr Dink Atasks Oi_guess-CO3; guess» Roa2_bulk_guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHg,
Xeo2_bulk_cakc -~ Xpu] Qs 2

Xea2_hulk_cale = 264.066 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side,

The rate at which OH is depleted in the bulk liquid is
OHgep puik = 2-CO2ug5 trunster liq

The rate that OH is depleted at the surface is
OHM_W = OH*p - OHdrp_bnlk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Oty
2
F5 _———
o Xeo2_amb CairQ
Fyyz = 0.266

Ceoz = xcol_pnnl‘(] — Fsyzl)
Ceoa = 293.406 ppm

im =130

OH =0H
depeale s dep

CO2yyry == 297ppm

[ CO24,

Ol =
depdat -~

The depletion rate based upon the Hobbs maodel is
OHdenhobhih = 2X02_aa> Caie'Q Fobtel OHcara)
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5.6.2 Period 2

OHgup = (][-Isﬂz

ATgyy = 1F

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; guess = 0.878M

OHjiq_mass_transter -= m(_)H__]iq(ATqu + Teup+ Diig Aanks OHggras DHi_guess)
C03rmm_mefer = mCOS( ATiiq ’ Tsup ’ Dqu ' Aumk- COBhulk- COBi_guesb]

Co%m;s_lransfer_liq = m(n'.‘_liq(griiq-Tsnp-Dliq-Alamk'OHdsm-DHi_gunss-CO?‘hulk-CO?‘l _guess)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xoo2_bulk_guess *= 103ppm

OH ep == m()l—l_air{&’rsyz-Tsup-DLmk'Atank'OHi _guess+ CO3; _guess-xcoz_bujk_gms)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHgep

Xeo2 bulk cale = xhu];k(Q- 2 ]

Xeo2_bulk_cale = 104.714 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHdup_bulk = 2'C02mﬂas_u:msﬁ:r_1iq

The rate that OH is depleted at the surface is

OHgep surface = OHgep — OHgep pulk

‘I'he OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Ol

oo
i )

F,ﬂ’ =0.709

Ceo2 = Xea2 _pnul'(l = Fsyzz)
Ceoz = 116,349 ppm

1ggra >= 31

OH =0
depede, Hep

CO2y,, = 122ppm

H, =] =
0 depdaia__ [

OHdep,, = OHy,

CO%y = C2

The depletion rate based upon the Hobbs model is
OHeephobin, = %o anbCair Q Frobtn{ OHn)

J‘ku‘;_am'cm‘(}?
Xco2_ponl
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Figure 5-12. SY-102 Carbon Dioxide Data.

1.40 [o0
1 goo
1.20 : <
B : 5 700
= 100
E EOO .‘-é
E A
E 0.80 750 @
] 3
5 G
O 060 o~
3 : &
% * Hydroxide i i
E 0.40 —=— Waste Volume
B lod
L 200
0.20 . =
*
0.00 ' - 0
1/5/88 77248 2/9/39 8/28199 315100 1ar/m0 441901
Figure 5-13. SY-102 Waste Temperature Profile.
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Figure 5-14. SY-102 Vapor Space and Supernatant Temperatures.
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Figure 5-15. SY-102 Carbon Dioxide Data.
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5.7 TANK SY-103

Quy3 i= 333cfm
Tsup sya = 80F
ATy = 2F
OHgy, = 1.72M
V3 = 747kgal

Vs

Zygs 5= ——

Ak
tayy = 271.242in

Viatcake_sys = 342kgal

. Vﬁ:ﬂ p vsullcalte_sﬁ
vsnp_syﬁ s 2

éTﬁq = 0F

Lcmst_sy&‘ = 26in

Ex=.2
mole
5000 ——- 10yr
yr
COJ_.;’-J =
Vmp__sﬂ

CO3,; =0.065M
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5.7.1 Period 2
Q=Qp
Toup = Toup_sys
CO3yy = CO3,y5
Step 1 - Calculate the Liquid Side Mass Transfer Rates

COB;_yyess = 5218M

OHliq mass_transfer \— %ll_liq(‘sTliq"r:up- I'ctml_sy?--E'Am&-OHdma-oul guess]
CUBmass_l.mnsfa = %(ATEQ . Tsup . l-:ms:_sy] JE: Al:ml: * C03‘hu.ll: ’ COJ; _guc-\:)

Cozmm_traml':r_liq = %I_qu(&-rqu ’ Tﬂ.l.p' l‘cn!bl_sﬁ B Ay OH gy, OH; guess» CO3pui. C03i_g'ms)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Koo bulk _guess ‘= 283-ppm

OH@ = m(]ﬂ_ai.r(ATsyj-T -Dmk' A-m:lk' 0H1 _gm:ss-oo3: _;L::ss-"col,buli _gness)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

_ OHgep
Xeo2 bulk_cale = Xpu Q-T

Xeo2_bulk_calc = 285432 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

Oﬂdcp bulk -= Z'Cozmnss_mnmfar_liq

The rate that OH is depleted at the surface is

OHm_,mﬁw = Och.-p = OHi!cp_bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHyey
i =,
A S
T R b T Q
Foy3 = 0207

Cctﬁ = X2 punl'(l - Fsyfi]
Ceyz = 317.146 ppm

OH =0
c[sp-:al:l‘m1 Hdcp

CO24 = 335ppm

onmm% = [l _ CO%u

Xco2_punl

) “Keu_amb' Cair Q2

The deptletion rate based upon the Hobbs model is
0I'[dm:l:lut:lhssid.r = 2203 ami Cair Q@ Fhabba[DHdall)
' ]
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5.7.2 Period 1
Q:=0.33Qy;
Tsup = Tsup_sy3
CO3px = CO3gy5

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; guegs = 4.696M

OH lig_muss_transfer = mDH_liq(Aleq » Ly up* ]-‘crusl_ij B A'Lunk' OHd atar OHi_gucss)
C03maﬁs_mnnfer = mC{}E[‘sTliq -Tsup']-‘:rusl__syi}' E'A(ank-C03bqul CO?’i_gu:ss)

cozmass_tmnsfer_liq £ mCOﬁ_qu[é‘Tqu-Tsup-]—'crusr_syG'E‘Amnk-OHdnm'OHi _glle.qslcog'hulkncoa'i __gues.s)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rale is calculated.,

Xco2_bulk_guess = 149-ppm

OHdep g m()ﬂ_air{ATuyJ'Tsup' Dyanks Avank. OH; _guess-CO?’i _puess» "oal_hulk_gue&s)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHg,
Xeo2_bulk_cale = xhulk(Q’ 5 )

Xco2_bulk cale = 146.532 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep_putk = 2-CO2nass. teanster lig

The rate that OH is depleted at the surface is

OHdep_surfar.e = OHdcp ps OHdep_hulk

The OH surface depletion rate must be equal to Lhe rate of mass lransfer to lhe surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHep

2
Kea2 amb’ C air’ Q
Fyy3 = 0.593

Fs),_" =

Ccu2 = xcu!_pmﬂ'(l . Fsy3)
Cooz = 162,813 ppm

COLyy3p = Cop

Figure 5-16. SY-103 Waste Volume and OH Concentration.
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Figure 5-17. SY-103 Waste Temperature Profiles.
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Figure 5-18. SY-103 Carbon Dioxide Data.
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5.8 SY-Farm Ventilation Data
5.8.1 SY-101

Q= sti

T“'p = T'ﬂlp_&_\'i

C()ahnl]t = (:()3,5}.1

AT, = .IF

$i' 1 - Calculate the Llrld Side Mass Transfer Rates

CO3,_gyess = 90-CO3py

OHiiq mass wransfer = 0t tigl ATrig Taup+ Diig - Aranics OHigaga OH;_gyess)
CO3nass_transfer = “’OU.![ATliq -T:npv Dhq +Avanic» CO3puix, Co?‘i_gnus)

CO?-mam transfer_lig = m(?()l_liq(aTliq-T.wp'Dliq-Atmk'OHdu°0Hi _gucs!t'CO}hu!k'CO:}i guns)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2 bulk_guess = 167ppm

OHdcp = mOH_ui:{ATsyl o.[‘sup' Duulh' Apanks OH; _guessvcog*l _guess» Xco2_bulk _guﬂs)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

O}Id,pJ
2

Xeo2_bulk_eale = 168.902 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side,

Xeo2_bulk_cale = "hulk[Q-

The rate at which OH is depleted in the bulk liquid is

OHgep puik = 2:CO2ma0s_rranster_liq

The rate that OH is depleted at the surface is

OHdcp_mrﬁl:t = Olld,l, — oudrp__hu&

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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DHyep
2

Xe02_smb Cair @
Fyp =053

Fsyzl =

Conz = xcoz_pnnl'(l - Fsﬂl)
C.z = 187.669 ppm

OHdepgy := OHgep
Cmﬂy‘i =Cem

The depletion rate hased upon the Hobbs model is
OHhobbs.1 = 2%52_umb Cair' @ Phobbsl OHata)

Figure 5-19. SY-101 8/3/00 Waste Temperature Profile,
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5.8.28Y-102
OHyyyq = l.l?M;— 1.06M

ATy, = IF

Tsup = Tsup_syz

CO3py = CO3yp

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_yuees = 0.646M

OHliq_mass_Lm.nsfer = (')D[-[_qu(AT!iq s Tsup ] I)liq + Avanks OH g OHi__gucsu)
CO3imass_transfer = mCO?o(ATqu -Tsup' Dliq- Atan» CO3py 1. CO3; _guess]

Cozmm_t.ramﬁ:r__[iq 5 mCDZ_liq(ATqu 'Tsup' Dliq'Alu.nl'OHdalu-OHi_guEss-cojbulk' CO}i _gllesﬁ]
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess == 103ppm
OHdep e wnri_air(ATr:yz-Tsup- Dlank‘Atank-OHi_gucss'Cosi _Bucss " xcn.?_buik_guuss)
Interate on the bulk air CO2 concentralion guess until it agrees with the calculated concentration,

OHdcp
Xeo2_bulk_eale := Xputk| Q. 2

Xeo2_bulk_calc = 93.637 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH 1s depleted in the bulk liquid is

DHdcpJJul.k =2 Cozmass_lrunsftr_liq

The rate that OH is depleted at the surface is

DHdep_surﬁ\ce = OHdep = DHdcp__hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Fop =
syzz

Keaz_amb CairQ

Fy =074

Ceoz = xcoz_plml'(l - Fayz 2)
C.p2 = 104.041 ppm

DHdepsyz = OHdup
C025y2 = CCDZ

The depletian rate based upon the Hobbs model is
OHhobbsyz = 252 ambCair' @ Frobbsl OHuata)

Figure 5-20, SY-102 8/3/00 Waste Temperature Profile.
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5.8.3SY-103
OHyyy = 1.86M
ATgys = 2.5F
Q= Qqya
Tsup = Tsup sy3
CO3pyic = CO3gy3
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3y_gyess = 5.218M

Oth_mass transfer = mOI-i_]jq[ﬁTliq-Tsup-]-'-:msr_sy:‘.- E-Appk OHgara. OHy _glmsm]
C03masx_rmnsfcr = mC()_"-(ATqu ’ Tsup ’ Lcru&t_xyii L A'lmk' Cojb-ulk * CO3i_guess)

Cozmass transfer liq *— (“CO?._liq[ﬂTliq-Tsup-]-‘cnml_sg,'.'hE'Atank-OHda:a- OH; _guuss-C03bu1k-CO31 _gul:ss]
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.
Xeo2_bulk_guess = 235-ppm

OHgep = @op_sil ATsy3s Toups Diaaks Avanks OH_guess» COB;_guess +Xeo2_bulk gj:ess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdEp
Xeo2_bulk_cale = Xbulk| Q. 3

Xeo2_bulk_cale = 233.54 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHdcp_bulk = 2'cc)zn'n.i.s.\i__lmrlsl'ur liy

The rate that OH is depleted at the surface is
OHdep_surface = OHdep - OHdepJJulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHey
e 2
s Xca2_amb CairQ
Py, =029

Cen2 = xco!_pnnl'(l = Fsyzs)

Ceon =281.711 ppm

OHdep, 5 := OHy,,
002 =Cua

The depletion rate based upon the Hobbs model is
OHRobbSy3 = 24cq2 b Cair Q Fraid OHata)
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5.8.4 SY Farm Vent Evaluation
(le = BQ“,I
ida:a = 33

OHtpklh - Ol'ldcp‘,l + 0%&,2 + OH(hpgy-‘
mol
OHgepene  =2497x 10°—
‘data vr

OH*MIM = Olﬂlobbs,,. + OH"IOH)S,YI + 0“]1(%5,,3

o C%l + COZ;’.Z + C%:i
i 3

C02,,

CO2y = 191.14 ppm
CO2y,,, == 240ppm
CO24a
o“d:pd.lmlh = [l - — ]"uﬂ amb’ Cair Qiy 2
_pnnl

le
o = 1913x 10° 2=
qu)dnih *

Figure 5-21. SY-Farm Carbon Dioxide Data.

;

150 4 ® SYI0) Calmision
Y102 Caleiarion

A SY100 Case 2 Cakculanon

100 e G- Vol Caicadaion ']
® SV Fanr Vort Data |

Carbon Dioxide Concentration (ppm)
8

0 " : : : ;
71811999  10/17/1989  1/15/2000 4142000 7132000 10/11/2000  1/8/2001

B-164 of B-280




Page 317 of 440 of DAOBDZ23333

RPP-26676 Rev 1

GAUSTIC DEPLETION JMINB-050¢10101, Rev 1
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

5.9 TANK AW-101

Quw1 = 229fin
Tsup_awt = 80F
ATy = 47T

Viup awi = 736kgal
OH yy := 3.6M

ATy = OF

le
500021

CO3WI —

Oyr
vsq;_ml
€03, = 0.018M

L:mu_nrl = 30in
E= .02
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Q= Quu
Tsup = laup_awl

C03hu|.k = C03awl

Stei 1 - Calculate the Liiid Side Mass Transfer Rates

CO3;_guess = 672-CO3py

Uﬂiiq_muss_Lmnsfer = wﬂ]—l_]iq( ATliq' Tsupr L'(:ruﬁl awl E- AIrmk' OH(IﬂIn’ OHi guem]
COBmuss_ersfcr = mCDS(ATqu ' Tsup' Lcru.sl_uwl E: Almkl C03bulk . Cosi_guess)

Cozmass_r.ransfar_iiq = w(.UZ_qu(ATliq-Tsup-[fcrust__nwl -E'Alank-OHdmu'OHi_gucss-CO3bu1k-CO3i _guess]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2 bulk guess ™= 325ppm
OHdup i mOH_xir(ATuwl -Tsup'Dlunk'Atunk- OHi_gucss'Coji RUESS Xeo2 bulk guuss)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdep
Xco2_bulk_calc = "hulk[Q- T)

Xoo2_bulk_cale = 328.805 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid 1s

OHn.IqJ_hulk = Z'Cozmasx_lmmﬁ:r_liq

The rate that OH is depleted at the surface is

OHgep_surtace == OHaep — OHygep_puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

B-166 of B-280




Page 319 of 440 of DAOB0Z23333

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

OHgep
—
xcol_amb'cajr'q
Fyuy = 0.087

Fow1 =

Ceaz = xcuz_pnnl'(l = anl)
Crg2 = 365.339 ppm

OHdepyy = OHyep
idate = 34
OHgepeate. = OHgep
Idata
CO2y,, == 379ppm
CO24q,

Xeo2_pnnl

OHgepdata, = [l = )'xmz_mnb'cnir'oz
idata

The depletion rate based upon the Hobbs model is
OHduphnbbsu“ = 2%ea2 nmb'culr'Q'Fhobhs(DHdnta]

4

Figure 5-22. AW-101 Waste Level and Hydroxide Sample Data.
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Q= .33Quq

Sbei 1 - Calculate the Liiuid Side Mass Transfer Rates

CD:!LB“E“ = 550'C03hu1k

Uth_mass_rra.nslbr o mOH_liq[ATliq ' 'l‘sup' Lcrust_uwl E- Amuk' OHdnlu v OH-i _guess)
CO3nass_transfer = (')COT(&Tqu'Tsup'L:I'IJSI_aW1 VE- Aganies CO3, CO3; __g'uesﬁ]

Cozmns»;_tmnsfer_liq = mCO?_iiq[ATliq-Tsup-Lcrus!_nwl -E'Amnk- OHdnla»OHi _guess-co:ihulkvcog'i _guess]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 284ppm
0Hdep = mUH_u.ir(ATawl * Tsup- Dl.mk ' Alil]k ’ OHi_gm:mi ’ C03i_guc:ss ' xcol_bulk_gucss]
Interate an the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
Xo02_bulk_cale = Xbm(Q. 3

’-n:u!_bu]k_calc = 278.586 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

{)Hdcp_bulk o 2’C02nlasuxmsfu_liq

The rate that OH is depleted at the surface is

OHdep_snrfaoe = OHdep *® OHdep__hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHgep
e
Xeo2 amh'cair' Q
F,y = 0.226

F

awl =

Cegn = xcoz_pnn]'(l - IJa.wl)
Ceog2 = 309.54 ppm

Figure 5-23. AW-101 Carbon Dioxide Data.
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5.10 AW-Farm Ventilation

Figure 5-24. AW-Farm Carbon Dioxide Data.
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Table 5-1. AW-Farm Ventilation Flow Rates.
l- Total
(cfm) (cfm)
AWI101 125 229
AW102 70| 174
AW103 35 139
AW104 35 139
AW105 35 139
AW106 35 139
[Total FCD Flow (cim) 335
Total Farm Flow (cfm) 960
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5.10.1 AW-Farm Tank AW-101

There temperature profiles for Periods 1 and two are shown below. The analyses for Section 5.9 will be used.,

Quu1 = 229cfm
Ofidep,,; =9.499 10° 2%
wr
Ofdepyw
2
F 1=
N Reo_amdCair Quwi

Fyy = 0.087

Cipz = "cnz_pnnl’[’ = anl]
Ceoz = 365.339 ppm

The depletion rate based upon the Hobbs model is
OHhobbs,,,| = o}ldephd:bs‘m

Figure 5-25. AW-101 Vapor Space and Supernatant Temperatures.
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5102 AW-FARM TANK AW-102

Q2 '= 174cfin
Tsup awl T TOF
AT = 1.F
Vsup_aw? = 600kgal
OHgyp, 1= STM

30000 2. 1gyr
CO3,,0 3= i

Vsup awz

€03,,,=0.132M
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Q:= Qu2
Tsup i Tsllp__:tw?

C03hulk = CO?‘&WZ

Stei 1 - Calculate the Liiuid Side Mass Transfer Rates

COSi_guws = 3'5C03bulk

DHliq__ mass_transfer *— QOH iiq(ﬂT1 iqe Tsup » Dliq » Atank» OHgata 01'li_ guess]

CO3mgss wranser = @03(ATig, Tsups i Avanks CO3pu: CO3i_giess)

Cozmuss_umsfer_!jq = ("’COZ_qu(ATliq' r-l‘:iup'I-Jliq +Atanr OHduerHi_guess! CO3pyx. COBi_gucss]

Step 2 - Caleulate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.

*coZ_bulk_guess = 61ppm

DHdep i wOH_ai.r(aTawl'Tsup'DlaBl'Ala.nk'OHi _gu&ss'coz’i_gucss-xcﬁ_bulk _gutss)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHy
Xeo2 bulk_cule = xbulk(Q' EP)

2
Xco2_bulk_cale = 62.995 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdep_bul.b; = 2'C021mqs_umsfcr_liq

The rate that OH is depleted at the surface is

OHgep_surface = OHgep — OHyep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Cenr = xcn!_pmll'(l i anz)
Cioz = 09.994 ppm

OHdep,ya = OHgep

The depletion rate based upon the Hobbs model is
OHhObS 12 = 2Xcq2_armbCair Q Fropel OHgara)

Figure 5-26. AW-102 Waste Volume and Hydroxide Data.
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Figure 5-27. AP-107 Waste Volume and Hydroxide Data.
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Figure 5-28. AW-102 10/10/99 Waste Temperature Profile.
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Figure 5-29. AW-102 Yapor Space and Supernatant Temperatures.
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5.10.3 AW-FARM TANK AW-103

Quws = 139cfm
Top_aws = 10F

The vapor space temperature exceeded the supematant temperature for two out of three data points.
AT,y = —.1F

Violidsaw = 313kgal
vsup_uw3 = S"}kg‘ﬂ . VsolidsuwS
OH gy = 5™

30000 2% 10yr
CO343i= i
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Q= Qaw3
Taup := Tsup_aw3
CO3py = CO3yya

Stei 1 - Calculate the Liiuid Side Mass Transfer Rates

C03i_gur.ss = t'4'C03hu1k

OHjiq mass_transfer = @i I_qu(ﬁTuq + Tsup + Drig» Avanks OHggra s OH; _gucss]
COBnuss_transter = mCOIi(ATliq ' Tsup ' Dliq + Atank, CO3pyi, CO3;. guess)

Cozmass__transl'er__l!q = mcm_liq(ATliq ’ Tsup- D]iq s Avanks OH g UHi_gu:&'i L CO3y C03i_p_.u::s)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess *= 217ppm
OHdep ¥ wGH_nir(Aanj-Tsup'Dlnnk'Ainnk-OHi_guess'C()]i _guess» en2_hulk _guersx)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHMp
Xeo2_bulk_eale = *putk] Q. >

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdcp_bqu = Z'Cozna&s_msfer lig

The rate that OH is depleted at the surface is

OHdcp_mrfacc = OHd:p 1at OHdepﬂhulk

The OH surface depletion rate must be equal to the rate of mass (ransfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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2
Xca2_amb Cair Q
Eyqs = 0.402

Fﬂw"\ =

Cegz = xco?_pnul'(l = Fawl]
Ceoz =239.119 ppm

OHdep,y; = OHyep

OHdepgua

2
Xcoz_amb’ Cair Qaw3
Faws = 0.402
Ceoz = xcoz__pnnl’(l =B, uw3]
C.pn =239.119 ppm

Fuwa =

The depletion rate based upon the Hobbs model is
OHhObDS 43 = 2%cc2_aunb'Cair' @ Fhobbs{ OHaata)

Figure 5-30. AW-103 Waste Volume and Hydroxide Data.
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Figure 5-31. AW-103 10/10/99 Waste Temperature Profile.
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Figure 5-32. AW-103 10/10/99 Vapor Space and Supernatatn Temperatures.
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5104 AW-FARM TANK AW-104
Q,uq = 139cfm
Tsup awd -= ?OF
AT‘.W" — ].-SF

Vlﬂidﬁ.ﬂ - 15?kgal + ﬁﬁkgdl

OHg,,, = 0™

rnale_ L0yr
CO3,q = N .
pr_wd

€034 = 0.089M
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Q= Qgya
Tsup s Tsnp_nw:t
CO3y = CO3s

Stei 1 - Calculate the Liiuid Side Mass Transfer Rates

C03i_gum = 3-6'C03b|11k

OH]jq__mnss__mef:r o m(_)l-l_liq(ATiiq ’ Tsup ' Dliq + Aanks DHduIB . OH; _guess)
CO?’mass_lramfer = tﬂ'(:l:).'i(“—\'rlim:i s Tsup- Dqu s Atanior COB3py, C03i _guesu)
Cozmass_msfer_liq = wCO!_qu(ﬁTHq'Tsup-Dliq v Avanic: OHgara, OHi__gu:ss 'Co3hulkrco3i__gul:ss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_pulk_guess = 123.5ppm

OHdr.p = ﬁk)ﬁ_alr(ATawallTsuprDIankl Alank’OHi_gul:ss'COBi _gur::.'s'xco,'l_bulk_gu:s:a]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdep
Xeo2_bullc_cale = Xputk] Q>

2
"ooz_hulk_cnlc = 123.657 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHdl:p_hulk =2 C%aﬁ_lrmfer_qu

The rate that OH is depleted at the surface is
OHdep__surface = OHdcp = Ol'ldep_hnik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Obgey
2

Fppg = —————

- Xco2_amb' Cair @
Fl'l" = 0.657

Cecz = %eo2 pant(! = Fawd)
Ceo2 = 137.397 ppm

OHdep,yq = OHyep

OHdepyws
2

—‘ "cni__m'h'clir'q”tt
Fows = 0.657

Ceaz = xouz_plwl'(l ~ Fyes)
Ceo2 = 137.397 ppm

Pt

The depletion rate based upon the Hobbs model is
OHhobbSgs = 2Xcq2 ambCair Q Frobbsl OHuaca)

Figure 5-33. AW-104 Waste Volume and Hydroxide Data.
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Figure 5-34. AW-104 10/10/99 Waste Temperature Profile.
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Figure 5-35. AW-104 Vapor Space and Supernatant Temperatures.
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5.10.5 AW-FARM TANK AW-105

Qs = 139cfm
Twp_ws = 70F
ﬁTawg = ~1F

Violidsaws = 263kgal
Vuup_u.ws = 425kgal - Vgidsaws

OH g = 25M
I
10000 == 10yr
CBe=——F .
vsnp_;u.ﬁ

0345 = 0.163M
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Q= Qus

Tp = Toup aws
CO3pyx == CO3,5

Sti 1 - Calculate the Liiuid Side Mass Transfer Rates

C(x;i_su“ = 2‘C03bul.k

OHliq mass_transfer -— mﬂH_iiq(aTHq -Tsup- D‘qu + Apnies OH e OHi_gm:ss]
COByas rnnsier = 0c03(ATiig. Tup: Diig - Avaniks CO3uti- CO3,_guess)

Cuzman_umllw by = m(.‘U!_liq[ATliq-Tsup-Dliq'AlmkoOHdmmOHi _guus*C(Bbulk-CO:;i_gum]

Step 2 - Caleulate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_goess = 217ppm
OHdcp = ﬂ’(]l!_nr(‘s—rxwﬁ"rsup' Dunb Aunk- DHi_;ucss'CO3i_gm' Xeo? bulk. gmss)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
dep
Xco2 bulk _cale = lmm(Q- )

Xeo2_bulk_calc = 215.208 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
‘The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OI'Idep__bqu = Z'Coznuss__kramfer,_llq

The rate that OH is depleted at the surface is

OHm:p surfuce = OHdcp = DHf]ep_hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OHap
B ——— e
e Xco2_amb Cair Q
Fiys = 0.402

Ccoz = xcoz_,mnl'(l = FIWS)
C.p2 =239.12ppm

OHde Paws = Oqu,

OHdepgws
2

E Xco2_amb’ Cair Qaws
Fous = 0.402

Ceoz = Xeo2_pnar'(1 = Faws)
Cogp =239.12 ppm

Fﬂs <

The depletion rate based upon the Hobbs model is
OHhobbS s = 2Xcco_uty Coie' Q Frotivs OHlgara)

Figure 5-36. AW-105 Waste Volume and Hydroxide Data.
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M0

Figure 5-37. AW-105 10/11/99 Waste Temperature Profile.
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Figure 5-38. AW-105 Vapor Space and Supernatant Temperatures.
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5.10.6 AW-FARM TANK AW-106

Qs = 139%cfm
ngp_-m = 85F
ATgus = .1F

Volidsaws = 283kgal

Vmp_m = kagﬂ.l = \"!l'lldm

Sae AW102 for OH concentrativn for last transfer.
OH,,., = .58M

30000 22 10yr
yr
vsup_a*ﬁ

CO3ug =0.173M

CCB“‘, =
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Q= Quws
Tsup = Laup awé
CO3py = CO3,p6

Stei 1 - Calculate the Lliuid Side Mass Transfer Rates

CO3 g = 2.5CO3p

OHI:q_mm_msﬁ'r = gy !_qu( aThq . Tmp . Dlxq . A!.lnk’ OHduu- OHi ;ueu)
COBpmass._transter = D03 ATiig Tsupe Drig» Avsnks COatc CO3,_gess)

Cozmm__lnns[l.'r_liq = mCD?_liq(ATl.iq-Tsup-Dliq-Atank»OHdlia-OHl _,gucss-CO:ibulerOSi,guuss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess *= 97ppm

OHdep = WpH air('aTaufstup' Dianks Aganis OH; _guess-cosi _guess+ Xco2_bulk _gucss]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH,.,\
Xco2_hulk_calc = %us(Q- ;tp)

Xca2_bulk_cale = 97.751 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep nutk = 2-CO2nax_ransier._liq

The rate that OH is depleted at the surface is

OHdep surface = Ol{dcp = 0}{dcp_hujk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Ky
2

Pt
- Xeo2_amb’ CairQ

Fous = 0.728

Ci2 = xcnz_pnnl'(l = stﬁ]
Ceoz = 108.612 ppm

OHdepyys := OHgep

OHdep s
2

F wh =
. Xea2_amb Cair Qawe

FM = O.m
Ceaz = "m:_.mr(l — Fous)
Ceoz = 108.612 ppm

The depletion rate based upon the Hobbs model is
OHObbS 3y, = 2Xc02_ambCir' @ Froos OHgasa)

Figure 5-39. AW-106 Waste Volume and Hydroxide Data.
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Figure 5-40. AW-106 10/10/99 Waste Temperature Profile.
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Figure 5-41. AW-106 Vapor Space and Supernatant Temperatures.
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5.10.7 AW_Farm Results
Qu = Omrl"" Qe + Quwes + Quwt + Quas + Qs

ith\la =33
()]'{f_},p,:a]‘,1 i= OHdep,,,; + OHdep,,, + OHdep,,; + OHdep,4 + OHdep,,5s + OHdep,ys
dala
1
OHgopents, = 2239 % 107 7
Vilata yr

OH“"m“nd = OHhabbs,,; + OHhobbs,,,; + OHhobbs,,3 + OHhobbs,, 4 + OHhohbs,,s + OHhobbs,,¢
ata

CO2y,, = 252ppm

COZ4a1a
OHM'M = [l =

]'&oz_amb‘ Cair Q2

1
OHyepans = 1699 x 107 =
idata y

T
——
Xo02_amb’ Cair Qaw
Fou = 0.488

Ccol = "co?_punl'(l i Faw)
Ceor =204.914 ppm

Faw =
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5.10 TANK AN-101

5.10.1 Period 1
Qup i~ 92cfm

Tsup_unt = 65F
AT, := 043F
Viuieake == Okgal
Viatcake
Atank

Lgancake = (N
V!Hp_l.‘lll = (S?mA(mk] g Vsaltrake

Zgultcake =

OH gy, = 4M
tl\'l'l,,1 =0F
1
20000 2= 15yr
' N yr
CO}-:I n
sup_anl
C03,,, = 0.505M
Dy =4in
Table 5-2. AN-Farm Ventilation Flow Rates.
Tank FCS Flow (cfm)
Total Average
FCS Total
ECN Flow Flow
Number ECN Date AN101 AN102 AN103 AN104 AN105 AN106 AN107 (efm) (cfm)
710248 5/6/1999 60 60 100 100 100 60 60 540 764
661166 8/31/2000 80 60 60 60 60 60 60 420 764
666412 5/7/2001 60 860 B0 80 80 60 90 450 764
666600 6/27/2001 80 90 60 60 60 60 60 450 764
Total Tank Flow (cfm;
ECN
Number ECN Date AN101 AN102 AN103 AN104 | AN10S | AN106 AN107
710248 5/6/1999 92 92 132 132 132 92 92
661166 £/31/2000 109 108 109 109 109 109 109
666412 5/7/2001 105 105 105 105 105 105 135
666600 6/27/2001 105 135 105 105 105 105 105
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Q:=Qu
Tsup = Tsup_unl
CO3y1 = CO34py
Step 1 - Calculate the Liguid Side Mass Transfer Rates

CO3; yess = 0.687M

OHIM__mass_rmnsfcr = Oy i_liq(ATliq' Tsup- I)liq + Avanks OH gy, OH; _gucss)
CO3nass transfer = mf‘.f).‘i(ATliq-Tsup-Dqu-Amnk'CO%ulk-CO3i _guess]

COnass transter fig = Oc02_tig{ATtiq Tsop: Diig- Atanks OHasias OHi_guess» CO3puc: CO3;_guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated,

Xco2_bulk_guess = 84-ppm

OHdL‘p = mDH_HiI'(A'l‘ml "]_'“p, Duulk"ﬁllllll’ OHl_gueSS ' COBLB“BSS K02 bulk guess)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdcp
Xeo2_bulk_cale = Xputk| Q. 2

Xeo2 bulk_cale = 84.264 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdcp_bulk = Z'COZH'ILISS_,IIBTI.EI'G]’_,"{]

The rate that OH is depleted at the surface is

OHdnp_nurfscc == OHdcp = DHdgp_hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OMicp _ | ea7x 1000k
yr

OHy,p

2

Xco2_amb Cair Q@
Fnp =0.766

Boyii=

anl

Coaz = chz..pnnl'(l = Fanl]
Croz = 93.627 ppm

igata = 36
OHdEpCﬂlC‘ = OHdep
Tdata
CO24,0 = 73ppm
Cozﬂulu

Xeo2_pnnl

OHd::pdatu_d = [] == ]'J‘(:oz_:a.i:n‘u'Ca.ir"Q'2
Idara

The depletion rate based upon the Hobbs model is
OH gephobbs L S 2%c02 amb* Cair’ @ Fropis OHigare)
Tdata

OHdataan!| := OH g,

Figure 5-42. AN-101 Waste Volume and Hydroxide Data.
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Figure 5-43. AN-101 7/15/98 Waste Temperature Profile,
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Figure 5-44. AN-101 Vapor Space and Supernatant Temperatures.
75 2
70 1
©
c g
= g
g £
B es p B
g g
2 g
" 2
§
60 -1 L
55 ‘ ' - : T 2
1/5/98 224/98 4/15/98 E/4/98 7i24/98 9/12/98 11/1/98

B-201 of B-280




Page 354

of 440

of DAOBOZ23333

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEBQOOK

JMI-NB-05010101, Rev 1

Carbon Dioxide (ppm)

&

Figure 5-45, AN-101 Carbon Dioxide Data.
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5.10.2 Period 2
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Q = le
Tsup = sup_anl
CO3pk i= CO3yy)
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; yuess = 0.601M

OHliq_mass_lransfcr = Wy [_qu(JSTqu ' Tsup ' I-)'liq ’ Atan]c' OHdﬂlﬂ s OHi_guess]
Cogmu.ss_msfer = 0)(:03( ATqu ' Tsup v Dliq + Agank» CO3pyx. CO3; _guess)

Cozmass_msfer_-liq = mcuz_liq(ATliq ‘ TBI.'lp ' Dqu ’ Atﬂl‘lk’ DHdam' (]Hl_,gus 4 CCBI:mlk ' C03|_gucss]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 230 ppm

DHdcp = mOH_n.ir(ATnnI -Tsup-Dlank- Ala.nk-OHi guessy C035 guess Xco2_hulk guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHgep

Xgo2_bulk_cule = Kbun;(Q- 5 ]

Reo2_bulk_cale = 227-904 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHd':p_hulk = Z'Cozmaxs_lmnsfcr_liq

The rate that OH is depleted at the surface is

OHep_surtace = OHgep ~ OHgep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
€ _ g o5 x 107200
yT
ClHdcp
z
E 1 T ———
o Xco2_amb CairQ
Fo = 0367

Cegr = J‘1:172_[')1'"11‘[1 = I:"aa.nl)
Con =253.227 ppm

igata = 37

OHdemahiml = OHdcp
CO2sa == 281 ppm

CO%u
X0z pnnl

OHdepdalaim = (1 = ]'xcoz_mnh'ca.ir' Q2

The depletion rate based upon the Hobbs model is
':)Hdcphobbaim = 2%cq0_ymbCair' @ Fiopbl OFlguca)

OHdataan | := OH g,
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Figure 5-46. AN-101 Waste Volume and Hydroxide Data.
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Figure 5-47. AN-101 7/15/98 Waste Temperature Profile,
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5.11 TANK AN-103

Qs = 132cfm

Tyup_un3 := 100F

AT, = ATos

Vialtcake := 439kgal

Vaup_and = (349in. Alanlv.) = Vialiouke
OHggy = 5.0M

OHdata,gy == OHyyes

ATy, = OF
I
9000 =8yt
€03, = =
L

€03,y = 0.038M
e sy = 250+ —=

Lo s = 3750
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Q= Qun3
Tsup = Tsup_arl.'l
OO,y i= CO3,p3

Stei 1 - Calculate the Liiuid Side Mass Transfer Rates

003, guegs = 195-CO%yy

OHqu_m&ss_Lransl‘cr o mOH_liq(AT]iq g Tsup + Lcrum_ml v B Aggnks OH gy, OHivg ues s)

C03rnass_wansfcr o mCDS(ATllq * Tsup' LcmsL,anB JE- Alank‘ C03bu!k * C03i_gucss)

Cozrn.ass_fransfcr_liq o mCOZ_qu(ATqu-Tmp'Lcmsl_an.’l -E'Atank-OHdnlmOHi guess'C03hulle03i_guess)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculared.

Xea2_bulk guess *— 3295ppm

OHdep = mOH_nir(ATaM-Tsup- Dtank'Aiank-OI'Ii_guess-C03i__guﬁs'xw2_ bulk guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdep
Xeo2_bulk_cale = xhu!k[Q- 2

Xe02bulk_cale = 330.34 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side,

The rate at which OH is depleted in the bulk liquid is
OHdep_bu]k A= 2'C'Dznmss_tnrm!;fer_qu

The rate that OH is depleted at the surface is

OHyep surface = OHdcp 2 OHdep_hulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH, 1
0 _oemx 100 2
yr
OHaep
2
| I T—
" Xea2 amb Cair'Q
F,s =0.082

Copn == xcoz_pnnl'(l —FK an3)
Cenz = 367.045 ppm
OHdepang, = OHdep

igara i= 38
OHdepcalc_ = I[)Hdep
idatn

C024;, = 355ppm
CDzdata

OHdepdﬂmid = (1 = J'me_amb'Ca.ir‘Q'z

Xgn2_pnnl

The depletion rate based upon the Hobbs mode] is
0Ht:Iepl'u‘.lI:lt‘.lsirla = 2%02_mnb' CarQ Fhobbs(OHdata)
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Figure 5-48. AN-103 Waste Volume and Hydroxide Data.
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Figure 5-49. AN-103 Waste Temperature Profile.
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Figure 5-50, AN-103 Carbon Dioxide Data.
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5.12 AN-104

Xeo2_pnnl = 410ppm
OHdEp = 0Hdc11_an4

OHgep
2
Fang =
Xco2_amb’ Cuir‘ Q\'cnll
Fous = 0.168

Cear = xcnz_prml'[l = F:m-l]
Cio2 =341.314 ppm

idata = 39
= OHdcp

ATR

OHd:pcu]cid

CO24y4, := 365ppm

OHgepdata, = ([ =
it

CO24ua

xcu!_pmll

] “Xeo2 amb Cair Q2

The depletion rate based upon the Hobbs model is
OHgephabhs, = 2Xca2_amb*Cair @ thhhs( OHpanford_data )
Tdata 1

Figure 5-51. AN-104 Carbon Dioxide Data.
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5.13 AN-105

OHd:p = anql_anS

UHEI:p
2

E 5=
= Xco2_amb' (-:air' (\:!\rel'll2

FM!S =0.|76

COQZ = xcoz_pru:ll'(l = Fani)
Cioy = 337.751 ppm

igaig = 40
Oudepcalc_ = OHdep
'durm

CO24,, = 369ppm
COde

OHdEpdnta, =la=
‘dna Xco2_pnnl

OH .
dE[:vhut:lIJ:sidil

]'xco‘z amb' Cair Q2

The depletion rate based upon the Hobbs model is
= 2Xe0_amb Cair' Q@ Fhubbs(OHlnmford _dataz)

Figure 5-52. AN-105 Carbon Dioxide Data.
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5.14 TANK AN-106
The waste temperature profiles for the two measurement periods are shown below. The supematant temperature exceeds the vapor
space temperature for both periods.
Q.s = 92cfm
VSIp_H’Iﬁ = 38kga!
The OH concentration is shown in the figure below.
OH gyp = .22M
mole
10000 ——-6yr
CO3 5 = ———
Vsnp_mﬁ
C03,,6 = 0.417M
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Q:= Qﬂ.!lﬁ
Tyyp = 64F
AT, = O0IF

CO}bﬂlk = COB&IIG
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; s = 0.58M

DHliq _mass_transfer ‘= mDH_liq(Aleq ' Tsup » Dliq + Aqanks OHgaa OHi_guess)
CO%ass. transfr = {DC'U3(QTqu-Tsup- Dliq-mank-CDJhqu'CO:}i_guess]

Cojﬁnass_msfur_liq = mCOE_liq[ATliq ’Tsupv Dliq ' Alnnk! OHdam- OHL_gucssr C03bu1k-(:03i_gucss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the COZ2 mass transfer rate is calculated.

sz_mfkm = ll9-ppm
DHdep [ mOH_uj.r{ATnnﬁ . Tsup ’ Dl:mk- Amuk- DHi_guess . Cog‘i_guess * xtaﬁ_bulk_guess)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHd:p
Xeo2_bulk_cale *= xbuik(Qt 3

Xeo2 bulk cale = 118.926 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air 1s compared to the OH mass transfer rate on the liquid side.

OHdep_hulk =2 Cozmaﬁs_lransfe.r_liq
The rate that OH is depleted at the surface is

OHdep surface OHdep i OHdep bulk
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
T [
yr
OHgep
2
gt s
. xcoz_,amb‘cuir'Q
Fy = 067

le i xcnl_pnnl'(l ) Fﬂnﬁ]
Ceoz = 135.443 ppm

idal.l =41
OH = OH
dmlcim dep

I

CO2yuta = 190ppm

Cozdﬂln
OH g, = 1=
depdata, [

X¢o2_pnnl

]'xco!__amh'cair' Q-2

The depletion rate based upon the Hobbs model is
OHdcph'.bbuim = 23002_&1 nb’ Ca’u' Q Fllobbs( OHd ma)

OHdata,, = OHyyu

Figure 5-53. AN-106 Waste Volume and Hydroxide Data.
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Figure 5-54, AN-106 Waste Temperature Profile.
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Figure 5-55, AN-106 Carbon Dioxide Data.
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514 TANK AN-107
Q.07 == 92cfm
Tsup_an7 = 85F
AT, .7 := 54F
Viaheae = 237kgal
Lsalrcake = R
Zyglicske = 56.057in
Viup_an? = (381in Ay — Vigreae
OHy,, = 0.002M ; 0011M

OHyy, = 1.55% 107°M

OHdatag,; := OHyyy,

ATy = OF

mole
yr

sup_an?

CO3,,; =0.059M

12000
C03anT —

- 15yr
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Q:= Qu
Tyup = T
CO% = €03y

Step 1 - Calculate the Liquid Side Mass Transfer Rates

sup_an?

CO3,; gess = 0.071M

OHliq_maﬁs,uansfcr i wClI-l_qu( ATliq , Tsup ’ Dliq » Aank- OHgga, OH; _guesa]
CO3us5 transfer = %03(6Tﬁq ' Tsup ' Dliq + Ak CO3py1, CO3; _gucss)

Cozmnss_iransﬁ:r_liq = mCClz_liq(ATliq-Tsup-Dliqu(ank-DHdam- OH; _guess-CO3hillk- CO5 _mless]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 322'ppm

OHgep = mOH_air(ATanT'Tsup~Dtank-Almk' O gnos+ CO%, guqus Koo, iniik. gees)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OHdePJ

2

Xeo2 bilk_cale = 326.554 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Reo2. bulk_cale = xbulk(Q’

The rate at which OH is depleted in the bulk liquid is
OHdep bulk = z'cozmnss_transfcr_]jq
The rate that OH is depleted at the surface 1s

OHdep_surfwc = OHgep — OHgep pulk
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH,,
P _2046x 10720k
¥yr
Oy
2

Fpg = ————

T XKoozt Cair Q
Fm';l = ﬂ.m3

Coo2 = Ko2_punt'{1 — Fia7)
C.q2 = 371.908 ppm

igare = 42
o) =0
H-depcalcih Hdep
CO24,, = 299ppm
CO2%ua

Rco2_panl

OHm:pdm_a = (l = ]'&m_mb'cgﬁ'Q'z
dama

OHdep,y; = OHgep

The depletion rate based upon the Hobbs model is
O}Idephnhhslu = 2%e02_amb' Caie’ Q Fhabtasl OHgara)
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Figure 5-56. AN-107 Waste Volume and Hydroxide Data.
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Figure 5-57. AN-107 Waste Temperature Profile.
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Figure 5-58. AN-107 Carbon Dioxide Data.
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5.15 AN Ventilation Data

Measurements were obtained for two periods. The first January 1999 to August 199% and the second July 2000. Both periods will

be evaluated.

Figure 5-59. AN-Farm Carbon Dioxide Data.
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5.15.1 Tank AN-101

There temperature profiles for Periods 1 and two are shown below. The 2nd and 3rd TCs are used for period 1 to estimate the
supernatant/ vapor space temperature difference, which is shown below. The vapor space is hotter than the supematant for much of
this period. The 3rd and 4th TCs were used for the second period, The temperatures are shown below. During this period the
supernatant temperatures are greater than the vapor space temperature. The analyses for Section 5.10.2 will be used for the first
period where the vapor space temperature is greater than the supematant and the analyses for Section 5.10.1 were the supematant
temperature is greater than the dome will be used for the second period.

Qlyy = 92cfm

Q2,41 = 92cim
OHdeplw i, OHdepcnlc“

The depletion rate based upon the Hobbs model is
OHhobbs 14y = 2Xcq2_amb: Cair Q Fronns| OHdataan 1)
The depletion rate based upan the Hobbs model is
OHhObbS 2,1 = 2Xe02 amb-Cair' @ Fnope OHdataan1 )

Figure 5-60. AN-101 April 1999 July 2000 Waste Temperature Profiles.
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Figure 5-61. AN-101 April 1999 Vapor Space and Supernatant T'emperatures.
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Figure 5-62. AN-101 July 2000 Vapor Space and Supernatant Temperatures.
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Q= Q2y,

Teup = T0F

Al o= IF

CO3up = CO3yy5

OH gy, = 4AM

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_gyess = 0.702M

OHliq_ma.ss ransfer — WoH _qu(ATliq'Tsup'Dliq- Alank-OHdala-DI'li_guess)

C03mass__lransfur = ('-"COJ["—“THQ ' Tsupl Dliq ' Aiank' CD}bqu * C03i_gucss)

Cozmasa_ transfer lig -~ ®@eo2 qu(ATI':qusup-Dliq' Agank» OH 10 OH; guess +CO3y1x . COF; guuss)

Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2 bulk_guess == 33.5-ppm

OHgep = m()H__alr(&Tanl > Tsup s Diankes Atanks OHi_guess» CO3;_puess xcoz_bulk_gucss)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHyep
Xeo2 bulk_cale = xhuik(Q- T]

Xco2_bulk_cale = 33101 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared (o the OH mass transfer rate on the liquid side.

The rate at which OH 1s depleted in the bulk liquid is

OHdep bulk *= 2'C(:)Zrm.mi transler lig

The rate that OH is depleted at the surface is

OHgep surface = OHgep — OHgep puik

The OH surface depletion rate must be equal o the rate of mass transfer to the surface

Siep 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHye,

OHdep2,,,, =
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5.15.2 TANK AN-102

The waste temperature prufiles for the iwo measurement periods are shown below. The supematant temperalure exceeds the vapor
space temperature for both periods.

ATy = 2F

Ql ;7 = 92¢fm
Q2,02 = 92ctm
Veup_anz = 1050kgal
Tyup_anz = 83F

'The OH concentration is shown in the figure below.
OHyy, = -176M

5 mole )

15yt
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Q= Qlyn:
Tsup = lgup an2
CO:’:.,,,& — C03m2
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; guess =0294M

OHjig mass_trunsfer = %H_,hq(d"l‘hq-Twp*Dhq“xlmbOHdlvOHi_gms)
C(Emm_mﬂc: e mOOl(ATliq -Tmp ' Dhq » Ak CO3, Coai_zncss)

COZmass_transter_tig = ml.‘t)“.-._liq[ATqu-Ts.up-Dh'q'AhnI:-OHdla-OHi guess» CO3pyx, CO3; gurss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2 bulk_guess -= 29.8-ppm
OHdcp = ‘*’OH_W{QT "-Tsup-Dlmk-A'lmk'OHi _gusst03i _guess» Xeo2_bulk _gne&«)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdcp
Xeo2 bulk_cake *= Xpuik| Q-

2
Xea2_bulk_cale = 29-625 ppm
Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liguid side.

The rate at which OH is depleted in the bulk liquid is

OHdap_hulk i 2'Ccmrnmis_lramil'ar_liq
The rate that OH is depleted at the surface is

OHgep surfuce = OHdcp = OHyep_pulk
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHdepl,; = OH,

OHhobbs 152 = 2Xc0 wnbCair Q@ Fhoptos O gaca)
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Q:= Q2%

T:mp = Tu:rp_.'ml

CO3yyx = CO3yn

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3,_ s = 0.302M

nHliq_mus_transfcr = mOH_qu(ATliq-Tmp- Dliq-Atnnk-OHdntn-OHi _3ur.’s:~']
COB3yes transter = c03(ATiig Tuups Drige Auuaks CO3utes CO3,_guess)

Coznnﬁ_lrmh__liq = Weo qu(AThqtTnup-Dliq'Aw:bOHdm’OHl _gncss'(:()gbnlkrm31 _gunns)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = S0-ppm
OHdcp = tn(ﬂl_nr(‘sTmﬂvapv Dun'k- Aimk-OHi_gmss'C03i_guu;'xc02 bulk gms)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

E l:(Q OHgep
Xco2_bulk_cale = Xbul -—-'2 )
Xeo2_bulk_cuic = 28.709 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHyep putk = 2"CO2musy trunsfer_lig

The rate that OH is depleted at the surface is

OHdep_surfscc = OHdep B OHdcp_bulk

The OH surface depletion rate must be equal to the rale of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHdep2,q2 = OHgep
OHhobbs2,5 = 2Xe07_smbCair' @ Faoibe OHgurs)
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Figure 5-63. AN-102 Waste Volume and Hydroxide Data.
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Figure 5-64. AN-102 April 1999 and July 2000 Waste Temperature Profile.
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5.15.3 Tank AN-103

There temperature profiles for Periods | and two are shown below. The analyses for Section 5.11 will be used.

le = |32¢fm
Q2,43 == 132cfm
OHdepl ;5 := OHdep,,;

The depletion rate based upon the Hobbs model is
OHhOobbS 1453 = 2Xc2_ambCair Q Frobbe{ OHdatay;)

Figure 5-65. AN-103 April 1999 and July 2000 Waste Temperature Profile.
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Q:=Q2,3

Tsup 5 Tsnp_anl
(?(}3},“]& — C03l.l'l]
OHyyy == 5SM

Stei 1 - Calculate the Liiuld Side Mass Transfer Rates

COB[JU“,‘ = 161 'COSM“.‘

Ouliq mass_transfer “— mOH_qu(AThq-Tmp' I'\:nlsL,an:l-F" AtanK'DHdala-OHl,mlem)
COBppes_irasier = D03 ATig: Tiap: Lerust an B Aranc: CO3paik- CO3;_gucss)
CO?—mm transfer liq - = Ucon hq(ATlsq Tsup me_mfi E Ak OHdnu OH; _gw:u-(-(nhlk CO3; _gms)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2 bulk_guess = 313“““

OHd:p = _a‘r{ATmTl-Turp- Dlmlk- Aluk OHi _guess* COJ, gucss Xea2 bulk_,;ma)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHm \
Xeo2_bulk_cale ==

Kea2 bulk cale = 315.342 Ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the

CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep_butk == 2:CO2pass trunsfer liq

The rate that OH is depleted at the surface is

OHdL'p_mllcc = OHdcp - ()qu)_'l'mlk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHdepI.u, = OHdcp
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5.15.4 Tank AN-104

There temperature profiles for Periods 1 and two are shown below. The analyses for Section 3.1.1 will be used.

Q1,44 = 132cfm
02.:,41 132c¢cfm
OHdepl 4 = OHdep,,4

The depletion rate based upon the Hobbs model is
OHhobbs lm = mez_.mb- CmQ' Fm(ﬂ“mm_wl]

Figure 5-66. AN-104 April 1999 and July 2000 Waste Temperature Profile.
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Q:= Q24
Tap = Tmpmme‘
OH gy == Oﬂmm_ml

CO}bu[k = C03]

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_pyess = 7.66M

OHijig_smass_transter "= @OLtigl ATiiq. Tsup: Lerust_ant E-Aranks OHgara. OH;_guess)

CO3mass transfer = “-'CO,!( &Tliq-Tmp-Lcmsl_m-l-E' Ayank. CO3py . CO3, _;m:ss]

Cozmm_tmsfer_hq = %OZJNI(&'I‘I-N] ’ Tsup- L'I:rust_|n4 + E-Aggnics OHggyq, ()H:_gucss * Coshulk .CO3, _gmn)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess == 297ppm
OHyep = mou_,ain{m'mml-T..up-Dnm-AiquHi gucss - CO3; _gm:nvxwz_bulk_;mu)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OH, )
ep

2

Xeo2_bulk_cale = 280.192 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Xco2_bulk_cale == "bulk[Q-

The rate at which OH is depleted in the bulk liquid is
DHdep_hulk = z'cogmnsa_transfer_liq

The rate that OH is depleted at the surface 1s

OHgep surface = OHgep = OHgep buik

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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5.15.5 Tank AN-105

There temperature profiles for Periods | and two are shown helow. The analyses for Section 3.1.2 will be used.

Ql s = 132¢fm
Q2,5 = 132¢fm
OHdepl,,s ;== OHdep,,s

The depletion rate based upon the Hobbs model is

OHhobbs1,,5 = zxcoz_amb'cair‘q’ K hobbs(OHhmfurd_dmz)

Figure 5-67. AN-105 April 1999 and July 2000 Waste Temperature Profile.
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Q= Q2ys
Tsup = Tsupemale:
OH gy = Othnfurd_dumj

COjb“!k = C032
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3

=285TM

i_guess

OH!iq_,mass_transfcr ) mDH_l'lq( ‘51‘11{1 'Tsup- Lcrusl_uns' E'Atmk-OHdatu-OHi_ _guez.s)
C03masn_lranxfer = mCO][A'I‘qu ' Tsup 1 L::rusl_:mﬁ ,E: Ata.nk’ COSbulk ' COBI_gucsx)
Cozmuss_l.raﬂsfer_liq = mcm_liq(dTiiq ’ Tsup-Lcnm_anS +Er Ak, OH g5 OH; _puess» CO3py., CO3; _gue:s)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess - 236.5pprn

OHdep = G’Cil-l_a.il'{A“[‘l'ua\nfc-rl'dz' Tsup' Dlank' A(uk' OHl_guess- COSi_guess- xccz_hulk_gucss)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.
OH ey

Xeo2_bulk_cale ©= xhulk[Q~ TJ

Xeo2_bulk_cale = 288.097 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHgep puk = Z'C%ms_mnsﬁ:r_liq

The rate that OH is depleted at the surface is

OHdcp_snrfm i OHdep = OHr‘]ep_hulk

The OH surface depletion rate must be equal to the rale of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHdep2,,5 := OHygp
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5.15.6 Tank AN-106
Ql g = 92cfm
Q2,4 = 92fm

OHdepLyng = OHgepeac

The depletion rate based upon the Hobbs model is
OHhobbs Lung = 202 umbCair' @ Frobtre( OHdatag)
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Q= Q2
Ty = 64F
AT 6 == .01F
CO3 = CO3,6
OH gy = 22M
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_guess = 0.605M

OH]iq_mass_tmsfm' = Oy I_'liq[ATliq ' Tsup ' Dliq ' Aumk' (]Hdalal ()Hi_gm:ss)
CO3mass transier = (“(D!(&Tliq -Tsup'Dliq- Agank» CO3py. CO34 _gums)

Cozmm mamsfer lig == ©coz liq(ATlin_ ] Tsup L Dlil] »Avanks OHda:a ' OHi_guzss ’ c"0-."’hulk U COBi_guess)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

%02 bulk_guess == 1 lg-ppm

0Hdt:p = mUHﬂair(ATané"rsup-Dlmk! Alunk' OHi_gucssvcosi _gucusrxcoz_bulk _guess)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHge,
Xeo2_bulk_cale = Xpulk| Q. 5

Xco2_bulk_cale = 118.926 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

OHdt‘p_bulk = 2'COZI]i:Iss_Lrln’l.~1ﬁ:r_|.'lq

The rate that OH is depleted at the surface is

OHyep_surface = OHgep — OHgep puk

The OH surface depletion rate must be equal to the rate of mass transter to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

OHdep2,,6 == OHggp
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5.15.7 Tank AN-107

There temperature profiles for Periods 1 and two are shown below. The analyses for Section 5.1.4 will be used.

Qlgp7 = 92cfm
Q2,7 = 92cfm
OHdepl .7 = OHdep,,7

The depletion rate based upon the Hobbs model is
OHObbs 17 = 2Xc02_ambCair @ Fobha OHdatayy7)

Figure 5-68. AN-107 April 1999 and July 2000 Waste Temperature Profile.
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Q:=Q2,y

Toup = Tsup_m-;

CO3pu = €030

OH g, == 0.043M

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_gyess = 0.193M

Ouliq_umss_trmlsfer ¥ mOH_liq(ﬁTliq ' Tsup ' D1iq +Aganks OHdm . OHi_gunsﬁ)
COSmasx__tmmfer = mCDB(ATqu ’ Tsup' Dliq ' Alu.nk' Cosbu]k' C03Lguusa]

Cozmnss_tmnsfer_liq = wCOl_liq[’STliq ' Tsup- D!iq » Ai:mk * OHdma ’ DHi_gucﬁs . CO3huIT-: . CO]i_gucss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated,

Xcog__bum = 167'”111

OHdcp = mOH,njr(ATan? -Tsupt Dlank! Atunk' UHi_gucss'CO3i _guess* Xeo2_bulk _gucss)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHdi:p J

2

Xeo2_bulk_gale = J‘I:n.1ll;.(Q-

o2 bulk_cale = 168.491 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OHdep_,bn]]: = 2'CG"Zmass_lmllsfer_lj|:|

The rate that OH is depleted al the surface is

OHyey surface = OHgep — OHgep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be hall the surface OH Depletion rale.

OHdep2,q7 = OHgep
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5.15.8 AN Vent Resulis

Qun = Qlany + Qlgpy + Qlgs + Qlypg + Qlays + Qlyng + Qlany

Period 1

Igpte =43

OH""P"'“"W = OHdepl;; + OHdepl,,; + OHdepl,,y + OHdepl,,, + OHdepl s + OHdepl,q + OHdepl,y,;

h

CO2,,, = 298ppm

CO244a
OI'Id::pclaluidIl = (1 =

XcoZ_pnml

] “Xea2_gmb Cair Qan2

Fpi= ————/———
Xco2_armb Cuir' Qun

Fyp = 0132

Cccz = xcuﬂ_pnnl'(l = Fan)

Coo2 =278.74 ppm

OHyephobbs,  := OHhobbs 1y, + OFhobbsl,,, + OHhobbs s + OHhobbs 1,y + OHhobbsly,s + OHhobbsl,,q + OHhobbs 1,
1

Period 2
gty = 44
OHgepcale,  += OHdep2,y + OHdep2,,; + OHdep2,,y + OHdep2,,4 + OHdep2y,s + OHdep2,, + OHdep2,,;

Tluta

CO24y. ;= 195ppm
N (1 _ CO%ua

Xea2_pnnl

OHdepdata_

Tilata

OHdepcak:.

Tdata

]'xcoz_amh'cair'Qm'z

2
xcoz_m:nb'cu.ir'Qa.u
F.. = 0404
Ceoz = xoaz_punl'(] N Fan)
Cooz = 244.184 ppm
OHgephobbs, = OHdeplyy + OHdepl 305 + OHdepl s + OHdepl, 4 + OHdepl,s + OHdepl,,s + OHdepl,,7
it

a

B
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Figure 5-69. AN-Farm Carbon Dioxide Data.
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5.18 TANK AP-101
Qqa] = erl
Qupt = 111 cfm

Toup_apt = 65F
ATa.pl = 001F
Vialicake = Okgal

Vsaltcake

Zalicake *= %
rank

Zyalicuke = 011
vxlp_q:l = (4049!!1‘%3) = Valteake
OHdull = 2.5M

ATy = OF
250002 154
¥r

sup_apl
CO34p = 0.089M

Dyiq = 4in

Cojnpl —
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Q:=Qy

Tsup = Twp_lpl
COlhum - C03.?1

1 - Calculate the Liguid Side Mass Transfer Rates

CO3; yyess = 0.267M

OHyig mass_transfer ‘= WoH _hq(“xrliq°Tsnp-Qiq-Aunk-0Hdn-OHi guess]
CO}mm_:msfcr - mLUJ(ATliq-Tmp-D!iq-Aunk-CO}bujl-CO?‘i ;uu)

CO2nans pranster big = ﬂkfoz_iiq[ﬁTliq-Tsup-Dhq-&m»OHu.-Oﬂrmn-CO%n-COl m]
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

lﬂ'ﬂ_bnlk__;um = 134-ppm
OHdep = wOH_uu'(ATupl -Taup- ntanb Atank- OH; _guess'CO3i guess xcul_buluums)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH
Xea2 bulk_cale = o‘hulh[Q- 'bp]

2
Xea2 bulk _calc = 135.802 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
quep_bulk = z'cozrnass_lrmsfct_liq

The rate that OH is depleted at the surface is
OHd,p_m.fxe = OHdep —OHyep bulk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
hucioc, ST L
yr
OHyep
2
Flpl .

Xco2 amb CairrQ
Fypr = 0.623

Cia = xcr.ﬂ_]:m'al‘(l = Fapl)
C.oo = 154.663 ppm

CO2y = Cop
lgu = 45

OH = OH
d.epcakim dep
CO24yn = 250ppm

OHepis = [I -

]"mz‘m{—'.ir'(}z
%02 panl

The depletion rate based upon the Hobbs model is
OHdrphuhbsih = 2Xeq2_ambCair' @ Fotbd OHigara)

OHhobbs.p; = 2X02_umb’ Cair Q Frobbsl OHeiara)
Figure 5-70. AP-101 Carbon Dioxide Data,
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Figure 5-71. AP-101 Waste Volume and Hydroxide Data.
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Figure 5-72. AP-101 7901 Waste Temperature Profile.
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Figure 5-73. AP-101 Carbon Dioxide Data.
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5.19 TANK AP-102

Qapz = chnt‘
Qupz = 111 cfm
Tuup_yp2 i= 65F
ATy = OIF
Vialtcake := (Ykgal
—_ Vialicake
Atank

Zgaltcake = 00

Viap_apz = {W-ﬁ“‘ﬁcmk) ~ Vsalake

26000- 2% 10yr
OHyyy:=053M-2——F

Vunp_th

OH gy = 0.407M

ATy, = OF

I
20000 ==

003:.,92 =

-15yr
il

sup_apl
CO3,p; = 0071M

D'liq =4in
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Q:= Qapﬁ
Tsup = T.'iup_-lpz
CO3pk := CO3yp2

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; pyess = 0.249M

OHliq_mass_Lrnnsfer o mOH_qu(ATqu-Tsup-Dliq'Amk-O]']dala-OHi gums)
CU}mass_u-ansfcr = mCU3(Arl‘qu ' Tsup' Dliq ' Alu.nk’ C03bulk 1 COBi : gucss)

Cozmﬂss_uansfer_liq e m(Z‘.Iillz_liq("-"Tliq-Tsn.lr.l-DI{q'"f*tank-'DHdala-[}Hi _gucss-CO3hulk~C03i _gm:ﬁs)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2 bulk guess = 134:ppm
()Hdep ae mOH_ajr(ATapZ' T sup* Dtank"’\mnk' OHi_gucss' COJL_gucss' xco?:_hulk_gucss]
Interate on the bulk air CO2 concentration guess unlil it agrees with the calculated concentration.

UHdup
Xeo2_bulk_cale ‘= Xpulk| Q- 2

xcn!_bnlk_cuk =135.802 Ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from airis compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHgep buik = 2:CO2mass transter Tiq

The rate that OH is depleted at the surface is
OHdcp_surfa’c = OHdcp % OHdup_bulk

The OH surface depletion rale must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
B _ 1 655% 10720
¥I
OHgep
2
R S—
% %e02_amb CairrQ
Fyp = 0.623

Cop = xcuz_plml'(l - FapZ)
Cean = 154.664 ppm
COZ4p3 = Conz

OHdep, == OHgep

idapy == 46

OH‘ieP“"l“,-dm = OHygep

CO2yq, = 230ppm

| OO0
X002 _pon!

OHdcpdaLa,da = [1 ]'xccz_,amb'cair'o'z
Tdaa

The depletion rate based upon the Hobbs model is
OHdephnhbsim = 2302_ambCair' @ Fhabbsl OHgara)

ta

OHhobbs ;yy = 2xc62 amb' CairQF hnbbs(ondata)

B-251 of B-280




Page 404 of 440 of DAOBOZ23333

RPP-26676 Rev 1

i : CAUSTIC DEPLETION JMI-NB-05010101, Rev 1
g MECHANISTIC MODEL
ENGINEERING NOTEBOOK

Figure 5-74. AP-102 Waste Volume and Hydroxide Data.
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Figure 5-75. AP-102 3/28/01 Waste Temperature Profile.
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Figure 5-76, AP-102 Carbon Dioxide Data.
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5.20 TANK AP-103

Qap3 = va'

Qup3 = 111 cfm

Tsup_ap3 = 65F

ATyp3 = 0.01F

Vialeake = Qkgal

Vialcaxe

Agank

Zalicake = (1101

Viup_ap3 = 284kgal — Vygucgee

OHgy, = 0.59M

Zsaltenke =

.&Tuq = 0F
mole
yr

Va papl
0.14M

10000
C(.)—'lqﬁ =

15y

€033 =
Dyq =4in
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Step 1 - Calculate the Liqguid Side Mass Transfer Rates

CO3, yyexs = 0.321M

OHquHmass_lmnsfcr = mOH_]iq(ﬁTliq ~Tsup . Dliq * AanL OHdnla- OHi _gu:ss)
Cosmuss_tm:sl'rr = m(.‘(ﬂ(ATEiq ’ Ts.'upl Dliq + Atankes CO3py1, COBi_gu{-.ss]

CO?*mass_mxfnr_liq e wCOE_qu(ATqu’Tsup-Dliq-A«ank-OHdma-OHi guess-CO3hulk-C03i _gucss)

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 134-ppm

OHdep = WonH ﬂjr[aTﬂpf‘ v Tsup- Dianke Atanks OHi_gur,ss » C03i_gucss , xcu?_,buik_gucbs]
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
2

Xeo2 bulk cale = 135.802 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the COZ absomption rate from air is compared to the OH mass transfer rate on the liquid side.

Xeo2_bulk_cale = xhulk(Q-

The rate at which OH is depleted in the bulk liquid is

OHdep_hulk 1= 2-CO2py55 transfer_liq

The rate that OH is depleted at the surface is

OHyep_surtace = OHyep — OHgep_buik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH |
e RS
2 yr
Oy
Fi: =
g
X KCOZ_amh'Cair'Q
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000 = Coct

OHdep,; = OHy,,

OHhobbs,3 = 2Xee2 sty Cair Q Fnobivsl OFlgas)

Figure 5-77. AP-103 Waste Volume and Hydroxide Data.
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Figore 5-78. AP-103 7/31/00 Waste Temperature Profile.
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521 TANK AP-T04
Qupa = Qvem4
Qopa = 111 cfm
Toup apa = T5F
'5Tap4 = .
Vialteuke = 89kgal
e = Vialicake
Agank

Laiteae = 32,317 in

Vsup_am = (403i“'Atank) — Voaltcake
OHgyo = 1.26:M

ATy, = OF
mole
w
Vs

CO3ypy =0.078M
an =4in

20000

13yr
CO3ypy =
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Q= Qyupu
Toup = Toup aps
CO3pyp = CO3yp4
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3

; guess = 0.256M

OHtiq mass_transfer ‘— ®@oH liq[AT}liq ' Tsup' DliqvAmnkvOHdnm »OH; _guess)
C03muss_lmnxl'er = m(;'(}](ar[.liq ’ 'I‘sup9 Dhq ' Almk' COSbulk ' C03i_gutss]

Cogmass_uanst‘m_liq a=E mCDl_liq[ATliq-Tsup-Dliq' Amnk-OHdma-OI'II__g*.lesstC(Bhl.llk-(:03:' _gucxs]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess == 137.5-ppm

OHygp = mOH_ajr(ATnpd-Tsup»Dlsnk-Amnk-OH| _guess+ CO3 _g,ucss-"cnz__hulk_guess)

Interate on the bulk air CO2 concentration guess until il agrees with the calculated concentration.
OHMJ

2

Xeo2 bulk cale = 137.561 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Xeo2_bulk_cale = xbulk(Q*

The rate at which OH is depleted in the bulk liquid is

OHgep bulk = 2:CO2pa60 yransfer lig

‘T'he rate that OH is depleted at the surface is

OHgep_surtace = OHgep — OHgep_purk

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH
% 1y gt
yr
OHep
2
Fypyg = ———mm—
e Xeo2_amb' Cair Q
Fyps = 0.618

C::u‘l ol xcul_pnnl'(] I Fup‘i)
Cor = 156.666 ppm

COZps = Copn
OHdep,pq := OHgep
igata = 47

OHdcpculcidm = OHdcp
C02,,, = 250ppm

CO24y1q
"coﬁ_pnnl

OHdupdatu_dl = [1 - ]'XCUZ_MLb'Cm'Q'z
Tdata

The depletion rate based upon the Hobbs model is
OHdephnbh;,‘h = 2Xe0_amb* Cair* Q Frabbs| OHgara)
Tdam

OHhobbs5s = 2X:02_amb’ Cair @ Faobbs( OHqacs)
Figure 5-79, AP-104 Waste Volume and Hydroxide Data.
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Figure 5-80. AP-104 5/9/01 Waste Temperature Profile,
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Figure 5-81. AP-104 Carbon Dioxide Data.
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5.22 TANK AP-105
Qups == Q\'en14
Qgps = 111 efm
Teup_aps = 05F
ATyps == .OIF
Vealteake := 39kpal

Vsa]rc.ake

A1a.|:lk

Zaaltcake — 32317

Vsup_&pi == 1132kgal - Vycue
OHyq == 22M

Zsaltcake =

ATjiq = OF

17000 12

CO3,ps =

20yr

Vsup_api
CO3,y5 = 0.086M

Dyjq = 4in
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Q= Qaps
Tsup = Taup_aps
COByyp = CO3p5
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3; guess = 0.284M

OHliq_mass_transﬂ:f Wt m[)H_IIq(ATqu . Tmp ' Dliq Aganks OHgapa. OHi_guess]
C03mass Aransfer *= U)COS[éTiiq ' T:up- Dliq . Alzmk ' C03bulk v C'I:Bi : guuss)

Cmmu&h_lrmafu!_liq = mCU.Z_I.iq(ATIjq ' Tsup- Dﬁq » Aanks OHdnlnl []Hi_gu:s'd 1 Cosbulk . C{)}i‘guzhs)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2 bulk_guess = 135:ppm

OHyey = mOH_,air(ATaps » Toups Dank» Atanks OHj_guess+ CO3; guess xt:u.’.J)qu_gul:ss)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration,
DHdep]

2

Xoo2_bulk_cale = 134.129 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

Xeo2_bulk_cale ©= xbun{Q-

The rate at which OH is depleted in the bulk liguid 1s

DHdep_bulk =2 COme_trausfcr_ltq

The rate that OH is depleted at the surface is

OHgep_surface = OHgep — OHgep_puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Fpps e ———————
x Xco2_amb’ Cair' Q

Fyps = 0.627

OHdep, s == OHgep

le‘ & xcn".!_pnni'([ i FapS)

Ceoz = 152.758 ppm

C02,p5 = Cegg

OHhobbs,,; = 23(“.02__Hmb'Calr'Q'Fhobbs{O"data)

Figure 5-82. AP-105 Waste Volume and Hydroxide Data.
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Figure 5-83. AP-105 7/31/00 Waste Temperature Profile.
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5.23 TANK AP-106
Qups = Qen,
Qups = 111 cfin
Tsup aps = 75F
ATy = UIF
Vaaltcake := 8%kgal

Vsalrcake

Asanic

Zealirake = 32317in

Vaup_aps = [4”3i“' Amlk) = Vaalteake
OHgyn = 1.24M

Loalicake =

ATy, = 0F
mole
yr
Viap_ap6
CO3,p5 = 1078 M

Dyjq =4in

20000 15yt

COB,p5 =
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Q= Q.pb
Tmp - Tsup_an
C03hulk = C03ﬂpﬁ
Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3, gyess = 0256 M

OHqu_mans_Lnnsttr e m(')!i_liq{ﬁ'rliq-'rsup-l)liq' Apunks OHgqqs . OH; _gums}
C03mms _transfer *= “)COS(ATliq"I.xup- D|Iq' Arank-co%ulk'COJLgucss)
CO2nuss. trunsiier tiq = ﬁkuz_lsq[ATliq-Tqup-Dm--‘\cm-OHm-Uﬂi _guess» CO3pyix . CO3; gucss]

Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_guess = 137.5-ppm

OH&'p = m()H_sir(ATayG ' anp- Duu:lr.- Alan.k- OHi_guzss . C03i_guuss +Xc02 balk xucss)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OHgep
Xe02_bulk_cule = Kmu[Q.

29

F A

Xeo2_bulk_cale = 137.561 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is

OH gep_pulk ‘= 2:CO2pna¢5 transter lig
The rate that OH is depleted at the surface is

OHyep surface = OHgep — OHgep puik
The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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Cenz = xuoz_pnnl'(l - Flp&]
Ce.q2 = 156.666 ppm

COZ#, — sz
OHdep,ps = OHge,
1gata = 48

Oqut'kiﬁ‘ = OH‘bp
CO2y,y = 155ppm

CO24410

] “Reo2_amb Cair @2
Xeo2_pnnl

0““""““”._, = 2%c02_umb Cair'Q Fobbos OHoaca)
OHROobbS,.6 = 2Xcq2 sy CairQ Fuobin OFgaa)
Figure 5-84. SY-102 Waste Volume and Hydroxide Data.
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Figure 5-85. AP-106 11/27/00 Waste Temperature Profile.
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Figure 5-86. AP-106 Carbon Dioxide Data.
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5.24 TANK AP-107
Qup7 = Quent 2
Qup7 = 1L cfm
Teup ap7 = 65F
AT,y = DIF
Vsaltcake = (kgal
Vialicake

A
Zoalicuke = 340
Voup_apr = 1000kgal — Viicake
OHgy, = .6M

Lealicake =

AT, = OF
mole
¥yr

B_ap7

10000

1y
CO3,,7 =
ap7 Vsu

CO3,7 = 0.026M

Dyq = 4in
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Q= Qy

Toup = Taup_ap7

CO3yyy = CO3,7

Step 1 - Calculate the Liquid Side Mass Transfer Rates

CO3;_pyees = 0211M

OHqu_rnass_lrnnsfcr = mﬂli_liq(é'rliq * T.'mp 1 Dliq ' AIim!t! OHdﬂla * OHi_gucs:i)

CO3nss transfer = cj3C03(‘ﬁTHq ! Tsup , Dqu +Agante, CO3py1i. CO3; _g,uess)

Cozmuxs_lrunsl‘cr_hq 7= mCOLliq(ATliq»Tsup-Dliq-Alank-OHd,u!n'O[' [i _gu3551C03bu1k-C03i_guess)
Step 2 - Calculate the Vapor Side OH Depletion Rate

The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xeo2_bulk_guess = 134:ppm

OHdcp = mOH_air(ATap'I'Tsup' Dhank: Atank» OH; _3nesst031_ Zuess? xcoi_bulk_guess)

Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

DHdep
Xco2_bulk_cale = Xpui] Q. 5

Xeo2_bulk_cale = 135.802 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side

The rate at which OH is depleted in the bulk liquid is
OHgep_pulk = 2'CO2p455 transfer _lig

The rate that OH is depleted at the surface is

OHyep surface == OHgep — OHyep puik

‘The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.

B-271 of B-280




Page 424

of 440 of DA0OB0D23333

>

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHANISTIC MODEL
ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

OH
o . f6s%s ot
2 yr
Oy
2

P S—

e KmZ_MIh‘Cuir'Q
By = 0.623

Ceo2 = Xeo2 _,punl'(j = Fap?)
Cep2 = 154.663 ppm
COZap-; = CCDE

OHdep,,7 := OHgey

OHhobbs 7 = 202 amb' Cair' Q Frobbsl OHaata)

Figure 5-87. AP-107 Waste Volume and Hydroxide Data.
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Figure 5-88. AP-107 7/31/00 Waste Temperature Profile.
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5.25 TANK AP-108
Qupy == Q\rﬂll‘
Qqps = LLL cfm
Trep. a8 = 62F
AT, pg = OIF
Vialtcake := Okgal

vsaltcake

Zsaltcake = A
tank

Zsaiteake = 01D
Vaup_sps = 33kgal — Vg,
OHgy,, = 0.89-M

-ﬂTﬁq = UF

9 mnle‘

1Sys
CO3yp3 =
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Q:= Qapl!
Taup = sup_aps
COJbulk — C03up3

1 - Calculate the Li

w

id Side Mass Transfer Rates

CO3;_pyess = 2.642M

OHjiq_mass_transter = m(]i-l__liq(ATliq s Tsups Diig+ Atank: OHgara . OH; _gucsx)
C03ma.-ss_ transfer += wCOi(ATliq-Tsnp- Dli:|-Amnk-CO3hulk-C03i _guem)

COyy00s trnser lig == mCOZ_liq(ATliq! Tsups Diigs Avanks OHgagar OH;_guess CO3py C03i_gucss)
Step 2 - Calculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

Xco2_bulk_puess == 134-ppm
OHdcp = mOHwair(ﬁTapB'Tsup'Dlm:k'A(unk-OHi_gucss-CO?'i _gucss-xcul_,bulk_,gucss)
Interate on the bulk air CO2 concentration guess until it agrees with the calculated concentration.

OH,
Xeo2_bulk_cale = xbull(o' 2 UPJ

Xco2_bulk_cale = 133.36 ppm

Step 3 - Compare the OH Depletion Rate and Liquid OH Mass Transfer Rate
The OH depletion rate based upon the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bulk liquid is
OHdcp_bulk =12 Cmmass_tmsfer_liq

The rate that OH is depleted at the surface is
OHgep_surface = OHgep — OHgep puik

The OH surface depletion rate must be equal to the rate of mass transfer to the surface

Step 4 - Compare the OH Depletion Rate to the CO3 Mass Transfer Rate
The CO3 mass transfer rate should be half the surface OH Depletion rate.
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OH I
— % _ ven 1ot 222
2 yr
OHgep
2
By i o
2 Xeo2_amb’ Cair Q
Faps = 0.63

Ceo2 = xm?_pnnl'(] = i aps)

Ciaz = 151.883 ppm

C()quﬁ = CI:OZ

OHdep, 55 := OHyp

OHhobbs ups = 2Xeu2_aniCuir Q Fhabs( OHigars)

Figure 5-89. AP-108 Waste Volume and Hydroxide Data.
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Figure 5-90. AP-108 7/31/00 Waste Temperature Profile.
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5.26 AP Vent
Qup = Qup1 + Qupz + Qupz + Qups + Qups + Qups + Qupz + Qups

idata = 49
OH"‘P‘“'CLM = OHdep,,) + OHdepy,y + OHdepyys + OHdep,py + OHdep,ys + OHdepy,s + Ol—Idepap-, + OHdE]Japg

mol
OHyepege = 2.648 % 10° —
Tdua

yr

OHgephobbs = OHhobbs,,; + OHhobbs,;» + OHhobbs,,3 + OHhobbs,y + OHdep,,s + OHdep,,s + OHdep,,; + OHdep,,3
i

Lilata
CO2yy, = 175ppm
CO2yp + CO2,pp + CO2yp3 + CO2py + CO2yp5 + COZp6 + CO2yp7 + CO2,p8
8

Cozapcalc =

CO2peqc = 154,578 ppm
Cozda[ﬁ
me_pnnI

OHdepdmn_ = [I = ]':"aﬂ_nmh'':::Lir";lul:r'2
dam

OHyopgus  =2437x 10° 22
idatn yr

Figure 5:91. AP-Farm Carbon Dioxide Data.
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ipoe = 1..49
OHdzpdala_ OHdepcalc_ = OHﬂePhﬁbbﬁim =
" — ma TeeTi0d] e
2,068:104 —_— 43.528 i) : o
aazm10d| T 3e910d] 5.991-104
1.194-10% 7.86G-104 1.224-105
9.168-104 1.002-105 8.171-104
1.126-105 1.203-105 1.086-105
1.052-105 1.069-105 1.016-105
9.984-104 5971104 8.259-104
1.026-105 1.004-105 9.399-104
1.236105 1.142-105 1.201-105
1.277-105 1.251-10% 1.467-105
1.964-104 1.059-10% 5304-104
6.319-104 1.114-104 5277-104
5.314:10¢ 3.322-104 4.288-104
2.178-104 3.922-104 3.892-104
4.009-10% FEFTETT 4822104
2.444-103 T84-10% 4304104
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Donald gden

From: "Ogden, Donald M* <0onaid M Ogden@RL.gov>
To: <dmogden@icehouse.net>

Sent: Monday, November 14, 2005 8:07 AM

Subject: FW: Core 317, Segment 18 DL evaiuation

-----Original Message--—

From: Carothers, Kelly G

Sent: Wednesday, November 09, 2005 7:45 AM
To: Ogden, Donald M

Subject: RE: Core 317, Segment 13 DL evaluation

Don,

The reference with the data is letter FH-0302630, "Report on the Evaluation of Potentiometric Titrations
to Determine Hydroxide." The section on the carbon dioxide absorption effect on hydroxide starts on
page 25. If you have access to RMIS, you can view the report through that database; otherwise I can fax
you the 3 pages of the report with the discussion.

The beakers used in the tests were 15-20 mL scintillation vials with 10 mL of 0.01 M hydroxide
solution. The internal diameter of these vials is 1 inch, The neck is narrower, but the solution would be
at the 1 inch diameter region.

C-2
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p INTRODUCTION.

The purpose of this notebook is to define the equilibrium
constantg for the reaction of carbon dicxide with the OH
ion.

2. BASIC EQUATIONS

The reaction of concern is:

COy + OH =HCO;~ (2.1)

and

HCO,~ + OH™ = CO;  + Hp0 (2.2)

The problem is that we have the equilibrium constant for
the pecond equation (Kotz, Treichel 1999, Ref 4) but not
the first equation. We do have some papers from Wikepedia
that gives the eguililbrium constants for the formation of
Carbonic acid due to the reaction of CO, with H,O0 and then
the decomposition of Carkonic acid into HCO, and HCO,
into co3q. The Wikepedia information is attached. Thus
we have:

COQ +H20=H2C03 (23)
where:

Kp := 1.70 X 10 (2.4)

at 25°C.

H;CO3 = HCO4 + H™ (2.5}

where:

Bai = 2.5 X107 td.6
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at 25°C. This second equilibrium coefficient is similar to
the value given in [Ref. 1, p489), 1.3e-4, for this
reaction.

The dissociation of the bicarbonate ion into the carbcnate
ion is:

HC03—=CO32_+H+ {2-?}

where:

-11 (2.8)
Koz 1= 5.61 X 10

at 25°C. This is similar to the equilibrium constant given
in [Ref. 1, p.489], 4.Be-11, for this reaction.

These reactions, with their associated equilibrium
coefficients can be converted into the equations for the
reaction of CO, with the OH ion to form HCO; and the
reaction of HCO, with the OH ion to form CO32— by
substituting the ions of water in for the H' ions and for
water in the above equations and using the equilibrium
constant for water in the appropriate places.

The equilibrium equaticn for water is:

H,0 = H* + OH™ (2.9)

where, [Ref. 1],

14 (2.10)
Ky :=1.2 X 10
at 25°C.
Egquations 2.3 and 2.5 can be combined to cbtain the

combined acidic reaction of Co, with water to form the
bicarbonate ion.

D2
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CO, + HyO = HCO, ™ +H' (2.31)

where

o7 {2.12)

Kip := Ky -Kay =|4.25 X10

The value for this equilibrium constant is nearly equal to
that given in [Ref. 1, p.48%], 4.2e-7.

Substituting Equaticn 2.9 into this equation gives the
alkaline reaction of CO, with water to form the bicarbonate
ion.

€O, +H' + OH™ =HCO, +H' {2.13)
canceling the hydrogen ions cut on each gide of the
equation gives:

COp + OH™ = HCO; " i2.14)
where:

. = ey 655

Ky 1= = - o =|3.542 X 10

X, et =)
Adding OH to each side of Equation 2.7 gives:

HCO3™ +OH = 032" + B* + OH” (2.18)
Combing with Egquation 2.9 gives:

E' + OH™ = H,0 (2.17}

{2.18)

HCO; +OH™ =C03%  +H;0

where:

e —— g = e Ty R & o ey g Ty
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(2.19)

K &
K = —— =|4675]

Ky

This value of the reaction constant is nearly identical
to that given in Ref 4. Therefore, this methodology
appears to give a referenceable value for the reaction
constant for Equation 2.12.

To verify that this is so, we will use the acitivity
coefficients that Rob Bratton gave me to determine the
egquilibrium ccefficient for equilibrium reaction 2.14 and
2.18.

The equilibrium constants are given by:

_ o]
Kig = [Con LOH'j (2.20)

and

(2.2%)

where the items in brackets are the activities for the
species whose name appears inside of the brackets. From

the data for T=25°C,
(2.22)

[1.2166 X 10 ‘.I +07
KlB = - = 4.453: X 10

-2 : -11
3.2718 X 10 i8.3227 X 10

and

; -11

14.6919 X 10 ]

Ksp i= = - -—————:;—— =I4634| {2.23)
L1.2166 X 10 J ‘[8.3227 X 10 |

We now have a referencable basis upon which to state the

D-4

e —————— + e Wk et
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value of the equilibium constant for the two reactions.
The equilibrium constants obtained via the three sources
are given in Table 2.1.
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