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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 (OST,) and Aging Waste Facility (AWF)
tanks,HNF~SD-WM-TSR~006, Tank Farms Technical Saf ety Requirements . Administrative
Control 5.16 requires: a program be maintained to manage the DST waste chemistry to limit
corrosion of the primary tank walt. The technical basis for the chem istry control program is
documented in RPP-7795 , Technical Basis for Chemistry Control Program.

Maintaining a minimumspecified free hydroxide (OB) ion concentration in DST waste 1S
central to the chemistry control program for AC 5. l6. The tree OH· ion is consumed or depleted
through chemical reactions . Chemical reactions include the depletion of free OH-ion through the
absorption of carbon dioxide (C02) from the tank ventilation air. The current technical basis
identifies the Hobbs equation for usc as a free hydroxide depletion model for CO2 absorption,
RPP~7795 . The Hobbsmodel is an empirical correlation of measured CCh absorption rate data
(based on solution pH) tor eight H-Ar. a 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 based model.

An expert panel was convened in April and July 2004 to rev iew three proposed initiatives tv
optimize the chemistry control program. Th e three initiatives and expert panel recommendations
are contained in RPP~RPT~22126, Expert Panel Workshop f or lIanf ord Sile Waste Chemistry
Optimization. The second initiative included a proposal to minimize core sampling frequency.
The Expert Panel for Hanford Site Double-S hell Tank Waste Chemistry Optimization
recommended. "the current, schedule-bas ed .. . sampling program be suspended as quickly as
possible and be replaced with a sampling frequency determined by measurements of the
concentrationofhydroxide ion in the supernatant layer and the concentrations of hydroxide ion
in the sludge estimated by the recently developed Dynamic Mixing Model." TIle mechanistic
based free hydroxide depletion model for C02absorption described in this report, when verified
against sample data, willprovide an integral engineering toot needed for implementing the expert
panelrecommendation.

This document presents a mechanistic based free hydroxide depl etion model for C0} absorption
and the benchmark of this model using both Hanford Site and SRS data. A description of the
mechanistic depletion model is provided in Section 2.0, along with a description of the Hobbs
correlation. The Hanford Site and SRS benchmark data are contained in Section 3.0, including
Hanford Site OR~ ion concentration sample da ta and the OR- ion depletion rate obtained. from
these data. Section 4.0 presents the results of the mechanistic hydroxide depletion model
bencJunark using Hanford Sit. and SRS data. The benchmarkofthe mechanistic hydroxide
depletion model with the Hanford Site data includesa comparison of the predicted and measured
OH- ion depletion rates and vapor space C02concentrations. The benchmark of the mechanistic
hydroxide depletion model with the SRS data includes a comparison of the predicted and
measured C0 2absorption fraction (fraction ofCCh in ventilation air absorbed by OH-ions in the
tank supernatant).



sese 13 o f 440 of DA06023333

RPP-26676 Rev 1

This report is prepared by John Marvin, Inc., for CH2M HILL Hanford Group, Inc. It has been
independently revi ewed by John Marvin, Inc.• staffper the Quality Assura nce req uirements of
Joh n Marvin, Inc. Th e John Marvin, Inc., reviewer's checkl ist is provided in Appendix A.

2.0 HYDROXl m : DEPLETION :l-IODEL

The free O H-ion concentration of the waste stored in Hanford Site DSTs is maintained within
established ljmits or adjusted if the chemistry control limits are challenged or exceeded.
Hydroxide, along with nitrite ions. in the waste protects the primary carbon steel tank walls from
general corrosion, pitting corrosion and stress-corro sion cracking. The free OK ion is depleted
through absorption ofCO:2 from the tank vapor space, oxidation of sodium sal ts oforganic species,
and reaction with hydrated aluminum oxide, RPP~7795. A description Of UIC OH- ion depletion
mechanism from COl absorption and the Hobbs and mechanistic hydroxide depletion models is
provided in the following sections.

2.1 HYDROXIDE DEPLETION MEC HAl'lISM

Free Olf" ions in the supernatant are consumed through the absorption of C<h from the primary
ventilatio n system air stream. The reactions are shown in Equations 2-1 and 2-2.

(2-1) OH - +CO2 -> HCO,-

(2-2) HCo,- +OH - -> CO,-2 + H 20

Two moles of OH· ion are consumed or depleted for each mole ofC~ absorbed .

2.2 1I0BBS MODI£L

The Hobb s model is curre ntly used to predict the rate of OR- depletion through CO2 absorption
for some Hanford Site DSTs, RPP-7795. The Hobbs mo del is based on an empirical correlation
ofSRS data. The Oll' ion depleti on rate for the Hobbs model is given by Equation 2-3.

Where:
OH",pis the OIl' ion depiction rate (mo les per un it time).
Q,mtis the primary ventilation volumetric flow mte (volume per unit time).

[C02 ] air",,", is the CO2 concentration in the ambient air (moles per unit volum e).

F is the fraction of air stream CCh absorbed by the free Off ion in the supernatant.

2
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The absorption fraction F is given by Equation 2-4.

(2-4)
F = [C02 ] ail;'mb -[C02 ] outler

[C021airlmlo

Where:
fCOd Dulle! is the C02 concentration in the air stream exiting the tank.

An expression for the absorption fraction, F, is obtained using an empirical fit to measured C02
concentrations in the exhaust air streams of SRS H-Area waste tanks. The OH-ion concentration
of the supematant is used to correlate the data. The correlation for the absorption fraction of CO2

is given by Equation 2M5.

(2-5) F ~ O. 165· (14 +Log(OH- )) -1.569

The absorption fraction of CO2 from the air stream is controlled, at least in part, by the diffusion
of C02 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. Therefore, the C Oz absorption fraction
should be functionally related to heat transfer parameters, such as the ventilation flow rate and
temperatures of the supernatant and vapor space. These parameters are not included in the
absorption fraction term of the Hobbs empirical model.

2.3 MECHANISTIC HYDROXIDE DEPLETION MODEL

2.3.1 Model Overview

An overview of the mechanistic hydroxide depletion model is shown in Figure 2-1. C02 enters
the vapor space through the ventilation air stream at the ambient concentration [C02 ] air ..m'
There is a mass transfer ofC~ from the bulk air to the vapor-liquid interface at a mass transfer
rate ofoco; .. Carbon dioxide at the vapor-liquid interface is absorbed into the liquid near the

~~mr

surface. The model assumes that a thin surface layer exists with species concentrations shown in
Figure 2-1. The concentrations of the species CO2, OH-ion, and carbonate (CO].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 species mass transfer rates are OJOH •

wco andwC/L,.. From Equations 2-1 and 2-2 it can be seen that the COz absorption rate from
~ ......1 Iq

the air (Weo .) is one-half the OR- ion depletion rate. The OH- ion is depleted primarily at the
2mr

surface. However, a small amount is depleted in the bulk liquid. The liquid-side OR" ion and
CO2 mass transfer rates are related as shown in Equation 2-6.

(2-6)

3
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The C03-
2 ion mass transfer rate and CO2 absorption rate are related by Equation 2-7.

(2-7)

A more detailed description of the model is provided in the followi ng sections .

Fi"ure2-1 Snpernalanl Ca rbon Dioxide: Cenceutration.

Vapor Space

[C02J ll

~ cvCOj ...

[C02JIdra

2.3.2 Mass Transfer by the Colburn Analog)'

2.3.2.1 Vapor Side Mass Transfer

The solution of low ma ss-transfer rate problems can be obtained by analogy with correspon ding
problems in heat transfer, Transport Phenomenon, (Bird ct. al., 1960). The model is based upon
the Colburn analogy for ma ss transfer. Bird et. al., 1960. The mass transfer rate is obtain ed by
anaJogy to convect ive heat transfer. The heat transfer rate is replaced by the mass transfer ra te,
the heat transfer coefficient is replaced by the mass transfer coefficient and the temperature is
replaced by the COz. mole fraction.

The CCh m ass tran sfer rate from the bulk air to the air-liqu id interface is given by Equation 2-8.

4
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Where:
o'co . is the air-side CO2 mass transfer rate (moles per unit time).

2m,-

I"CO
2
is the mass transfer coefficient (unit length per unit time).

A rallk is the supernatant surface area.
[C02} airl is the C02 concentration at the air-side of the air/liquid interface (M).

[C02lair is the CO2 concentrationin the bulk air stream (M).
bulk

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

The mass transfercoefficient is given by Equation 2-9.

(2-9)

Where:
Sh is the Sherwood Number (Nusselt Number with Prandtl number replaced with the
Schmidt number),
DcO:>. is the CO2 diffusion coefficient in air.

L is the characteristic dimensionwhich is the tank diameter for the vapor space.

The Shenvood number is obtainedfrom the McAdamsnatural convectionheat transfer Nusselt
number for heated horizontal surfaces, Equations 2-10 through 2-12, from Principles ofHeat
Transfer (Kreith 1973).

turbulent natural convection

(2-10)

(2-11)

Sh ~ 0.14·(Or· Sc)'

laminar natural convection
I

Sh ~ 0.54 .(Or . Sc)4

(2-12)

vapor hotter than the liquid surface
I

Sh ~ 0.27 ·(Or· 80)4

Where:
Gr is the Grashofnumber.
Sc is the Schmidt number.

5
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The Grashofnumber is defined by Equation 2~13, TIle Schmidt number is defined by
Equation 2~14.

(2-13)

(2-14)

2 -
P · ·g·fJ·D k'

Gr= air tall .!J..T
p2

v
Sc=--

Dca,

Where:
Pair is the air density.
g is the acceleration of gravity.
f3 is the coefficient of thermal expansion.
D,ank is the characteristic length for the mass transfer (waste tank diameter).
AT is the temperature difference between the vapor space and the supernatant.
fl is the air viscosity.
v is the kinematic viscosity (viscosity divided by the density) of air.
DC02 is the C02 diffusion coefficient in air.

2.3.2.2 Liquid Side Mass Transfer

The mass transfer for the liquid species (WOH' coco and meo . ) are given by equations
3 altq

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 layer. 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, Heat Transfer (Holman 1968):

(2-15)

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 C~ concentration at the air-liquid interface in Equation 2~8 is determined using Henry's
Law, Equation 2-16, Krieth 1973.

(2-16)

6
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Where :
~Vj is the part ial pressure of C0:2 in the air at the air- liquid interface.

/I, is Henry' s Law constant.
{C02h iqj is the concentration otTOz in the liquid phase in equilibrium with the gas

phase.

2_1.3.2 Ca rbon Dioxide Concentration liquid Side of Air- Liquid Interface

The CO 2 concentration in the supernatant is assumed to be uniform as a result of mix ing by
supernatan t convection. The concentrat ion near the surface is given hy the equilibri um equation
for CO2 absorption. The equilibrium C~ absorption equatio n can he solved for the C~
concentration, Equat ion 2-17.

(2- 17)

Where:
[C02 1uqj is the concentra tion ofC(~ in the supernatant.

[CO.l-2] i is the concentra tion of carbonate ion in the supernatant,

f 0 11 - Ii is the concentrat ion of free OH · ion in the supernatant.

KcOz is the equilibri um co nstant for Equation 2- 1.

KIIC~ is the equilibrium constant for Equ ation 2-2 .

Figure 1-2 Vapor Sid t' Ca r bon Dioude C nllcc nl,,' ...."".'". '-. "I

"

i
J ,..
•J
1•
~ 100

D.DiMCOJ
O.1M COJ
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Equations 2-16 and 2-17 can becombined to give the Co, concentration on tbevapor..ideof the
airlliquid_. Thevapor-side Co, concentration is shown inFigure 2-2 as a function of
the free OR' ion conceotration on the liquid-sidevaporlliquid interfilce. For low OR' ion
coaceotrations, absolplionof Co, approadIes zero andthe Co, concenIrali",! "'! the liquid side
of the air-liquid inIaface approaches theall!lblClll air concentration. As the lillCi'OWion
concentration increases, the Co, concentration decreases until theCo, concentration approaches
zero.

2.3.4 BnIk Llqu1d Cllrbonate Coneentratlons

Theco,,2 ion concentration for th. bulk supernatant liquidis estimated from thepredicted
co, absorption rate. The estimated~t bulk Co,-2 ion molarity is given by
Equation 2-18.

(2-18)
OH t.t

[ CO -2J = d<p. ....
3 bulk 2 VOlmp

Where:

[CO,-2J_ is the molarityofCo,,2 ion in thebulksupematant (moleslliter).
OHd'P is the OR' ion depletion rate (molesperunit time).
t.t....is theapproximate operationtime ofth. tank (unit time).

Volsup is the supernatant volume (unit volume).

2.3.5 Vapor Space Cllrbon Dioxide Bulk Concentration

Themole fmction of co, in the bulk vapor spaceair is determined through a mass balanceof
co, above the supernatant, Equation2-19.

(2-19)

Where:
Xcv,."",., is the mole fmction ofco, in the bulk air-stmun.

xcn. . is the mole fractionof CO2 in the ambient air.-,-...
"'co,"" is the co, mass transferrate to the interface (molelunit time).

Q_ is the primary ventilationvolumetric flowrate (volumelunit time).

Cal, is tbcmo1arity of the ambient air (molea'volume).

8
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2.3.6 So_ Methodology

The equations above are solvedusingMalh<:ad'. The bulkair co, concentration givenby
Equation 2-19 is alimction ofthe mass trIllSfer rate givenby Equation 2-8,whic:llis a function
of thebulk concenlralion ofCo, in the 1Ilalream' Similarly, the co," ion and:0H" ion
concentrations at the liquidinterface aie.~on ofth. mass transfer ratefiom thebulk liquid,
wbichare 8 function of theinterface vahB. An iterative solutionis ob!ained'hyguessing the

valuesofxC"""" ,[CO,-21" and [OH-1, and iterating until Equations 2·6, 2-7 and2-19 are

satisfied.

2.3.7 Summery of Important P1aysleal Conltllnb

Thevalues for several important physical constantsused in the mechanistic depletion model are
given in Table 2-1.

Ill""'; . -", ~«"'''' ~ 1~ "''l:i~ ' ' lj~ jDJ''''~~''''~ . ---'If< _ " . .... _.,"" .~ J'" •• """ , .
1

mole Kotz, J C.,-.P, 1999,--Hemy's LawConataDt. - 4.48x1O-5 liter Chemlmy & Chemk41
He mmHg JIM£tIvIty

Equi1ibriumCoIIItanl, K co, 3.S4xlO' AppeodillD

&Juilibrium CoIIItanl, K HCo, 4.63xllY Kotz, et aL, 1999

Diffusion Coefficient, Dco"u 0.64 ft' Kridh 1973
hr

DiffusionCoef6.ci_ Dc~ 6.9xlO·$ ft' Krieth 1973
hr

.

ft' Maclnnc, D,1961,17IeDiffusion Coefficient, D OlIIitl 2.05xlO-4
hr Principles ofE/ectroclwm;sIry

Diffusion Coefficient, Dco,.. ft' laytsev, I, Aseyev, G., 1992.
2.7xlO-s Prop<rlia of.Iquequ8

hr Sol."';;JE"";;';'"

3.0 HYDROXIDE DEPLETION DATA

Measured data related to OK" ien depletioo for hoth SRSand IIaoford Sitewastetanks is used to
benchlDlll1l: the hydroxide depletion~ presentedin Section2.0. Dataused for the
benchmark ofthe depletionmodels are presentedin this section.

3.1 HOBIIS CARBON DIOXIDEABSORPTION DATA

A programwas conducted in 1986and 1987at the SRSto detennine thelTIllChaJ)ism andrate of
OR'ien depletion through co, absorption, DPST-87-596. The program was condneted for

1 Mathcad is a register trade mark ofMatbSoft, Inc;Cambridge. Ma.

9
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H-Area waste tanks. A mode1 was developedfrom the data obtained which predicted the time
dependent iDbibitor ccmcenIralion in solution fur theH-Area waste tanks. A schematicofa
H-Area waste tankis shown in Figure 3-1. Thetank design differa from theHanford Site DSTs.
There are several important features to note for theOH' ion depletion study. Thewaste tank
diameter is 85 ft, 10 ft larger than the Hanford Site DSTs. Both the SRS H-Area tanks and the
Hanford Site DST, are purged or ventilated to prevent the build-up offlammablegases. This
air-stream provides continUOUB avaiIablUty ofco, which is partially absorbedthroughchemical
reactions with the free OH'ion in the supetnalant.

PIpre 3-1 Savumah RIver Site Type m Cooled Watt storace Taak.

1.----

..._....Nt__ Nt ....

"

.

---

The program to evaluateCo, ebsorpticn measured the primary tankventilation air flow rates, the
inlet and outlet co, concentrations in the ventilationair streams andthe supetnatant pH. The
fuor parameleIs were monitored over roughly a one-yearperiod for the eight H-Area tanks
shown in Table 3-1. The Co, absorptionfraction from the ventilation air stream was computed
based upon the measuredco, concentrations using Equotion2-4.

A summary of the measured inlet CO:! concentrations, primary ventilation flow rates, average
supernatant temperatures,computedabsorption fractions andsupernatantpH measurementsare
shown Table 3-1. Thefree OH' ion concentrationis computed from the pH, also shown in
Table 3-\. Table 3,1 data are reported in DPST-87-596, from the SRS study.

Thesupernatanttemperatures fur eacb tank are shown in Figures 3-2 and3-3. Vapor space
temperatures were not available. The average temperature difference between the vapor space
and supetnatant for selected HanfordSite waste tanks is used fur the SRS tanks. Theaverage
temperalur1: difference used fur the SRS data is presented in Section 3.2.

10
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Ta ble J.} Savannah River SUe Data Summary.
Average

Inlet vcntueucn Supernatant CO,
ICOll Flow Rate Temperature Absorption

100IlTank inn";i Idm\ (oF) Fraction oil
3811 359 268 92 0.80 14 1.00
3'JH 3.0 204 ' 00 0 .79 14 1.00
4111 366 351 11 6 0.76 14.8 6.3 1
4211 364 430 91 0.58 13.1 0.13Ihizh OIl )
4211 355 430 91 0.10 ' 0 0.0001(lnw Oil )
4311 361 311 139 0.83 14.4 2.51
48H

350 266 109 0.72 13.4 0.25{hiJ!h DIll
4XII 361 231 109 0.40 12.8 0.06(low OHl
49H 357 336 82 0.70 13.6 0.40
son 362 293 82 0.75 13.R n.ss

t'lgure 3-2 SRS Sup('rnatant Tempuarures for Tanks 3R", 31)" , 41" and 4 2H.

I~r:
, f ~;A.
'. '/''';.:~:--. ~~.
_?..,,~'~<r - __ 7 '<,..?\........ _.
· " 7 -

--· ""• ""......... .t1H
__ 42H

c
Sep-!l5

100

".

''0

1 OH-concentration derived from pII (pH - 14 t Log[OIr] ).

11
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Fig ure .1·3 SRS Super nalant Te mpecHt llces ror Tanks 4311, 4811. 4911 and 50 11.
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"-•:; loa

~c, 80
E
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.~~=--

----~:::=-..

r -v '= ."" ---.. ..- -- .
----=I ~.-..:.;...- .-.-..

-- ~-

- ...... "3 H
- . - 4lIH

- .-49H

-'- 50H

Mar-a6 Sep·86

3.2 HANt'ORV SITE H YDROXIDE DEPL ETION DA TA

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 len waste tanks with useful data for the depletion
model benchmark. The tanks included in the benchmark using the supernatant 01r ion
concentration data arc identified below.

L 241-AN-104
2. 241-AN-IOS
3. 241-AI'-101
4. 241-AI'-103
5. 24 1-AW-103
6. 241-AW-I OS
7. 241-AY-101
8. 241-AY-102
9. 241-AZ-101
1O.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 :

• Primary tank ventilation flow rate.
• OH"ion concentration,
• Supernatant volume, and
• Supernatant and vapor space temperatu re difference.

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, arc obtained
from the sources listed in each tank-specific section. Thc primary tank ventilation flow rates
have been obtained from sources identified in each of the sections.

Table 3-2 summarizes the da ta 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 variat ion of the parameters
listed above and shown in Table 3-2.

Table 3-2 Han for d Site Data Summary.

Primary Assumed Average Su pernatant v apor Spae e Der-ived

Tank 241-
Ventil ation Initial 01.- volume Durill~ Tempera ture OH- Depletion
Ftnw Rate Concentra tion Evaluation Period Di~~~llce Rate

(cernl 1M> 'k..11 ,., "'I",
AN-I04 132 3.9 60J 2.3 0.009
AN· I OS 132 3.7 58R 2.3 0.028
M -lOl II I 2.4 1113 0.01 0.013
AP-103 III 0.S3 282 0.01 0.020

AW-I03 139 0.80 ". 0.05 0.013
AW- IOS 139 0.27 158 -O.Ol OWl
AV-I Ol 340 1.9 86 9.0 0.41
AY-I02u m 0.51 435 4.0 0.12
AY-102b 425 0.95 '" 3.1 0.11

AZ· I0 l 149 O.XI 864 2.0 0.016
AZ-102 riod I 102 0.02 R5J 2.0 0.004
AZ-102 (oe riod 2) 102 0.15 891 2.0 0 .014

The table includes the free OH-ion molarity depletion rare. These values have been derived from
the measu red supernatant OK ion concentration data and arc further discussed in Section 3.2.1
through 3.2. 11. TIle differences betwee n vapor space and supernatant temperatures are shown in
Table 3-2. The average temperature differences for the Hanford Site tanks shown in Table 3-2
were used for the SRS data evaluation. The average temperature difference is 2.2 OF.

3.2.1 Tank 241-AN-104

The OR"ion depletion tor Tank 24 1·AN-I04 is evaluated for approximately fifteen years,
between Apri l 1985 to July 2000. The tank waste volume and measured supernatant Of r ion
concentrations are shown in Figure 3-4 (TWJ1\S 2005). The measured OIl"ion concentration

13
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data arc summarized in Table 3-3. The tank volume during the evaluation period is nearl y
constant at 1052 kgal . Th is tank contains 445 kgal of saltcake solid waste. HNF-EP-OI 82,
Rev 220. Waste Tank Su mmary ReportJor Month Ending Ju ly J I . 2006. The supernatant
volume during the evaluation period, by difference, is 60 7 kgal .

F1a:urt 3-1 Tank Z" l ·A.'Ii·l~ lIydroud(' Ion COD('('ntntioD Data.

AN104

200

"00

"00
..~ . ~ -_...-- •

I' .
v» -2. 34E~5>: " " 82E+OO

•

• .......
-

~__Wa~ VOlume

- Line. (SJUPIIlT'etel

3.6

•••

•.,
.~
•
~ ...
5

1 2 0

Jul-83 Jul-85 JuHl7 JuI-89 Jul-91 Ju l-93 Jul-95 JuI-97 Jul -99 JuI·01 ..lUI-OJ Ju l-05

The OIr ion concentrations shown on Figure 3-4 represent the calculated supernatant
composition in Apri l 1985, aft er the tank received slurry waste from two evaporator campaigns,
and mid-poin t values of the other two sample events. The ini tial value at the beginning ofthc
eva luation period is 4,05 M, RPP~2673 7 , Tank 241-Al",,'-J04 Supernatant and Interstitial Liquid
Hyd roxide Concentration . An ave rage value of 3.9 M is used for the eval uation. A linear
reg ression of the Ol l"ion co ncentration data provides an estimate ufthe OH' ion depletion rate
for the evaluation period. TIle Olf ion dep letion rate is approximately 0,009 M/yr. The
maxim um rate based upon the venti lation flow rate , with 100% CCh absorption, is 0.028 M/yr.

The vapo r space and supernatant temperature trends are shown in Figu re 3-5 (n VINS 2005) .
The average temperature difference between the vapor spac e and supernatant is 8.3 <I F. The
Apri l 2005 temperature profi le in Figure 3-6 shows the large temperature drop across the liquid
air interface . Th is temperature difference is signi ficantly larger than the 2.3 <I F temperature
difference in Tank. 241 ~AN-l03. Figure 3-7. The ventilation flow rates for Tanks 24l·AN-103
and 24l -AN-1 04 arc both estimated to be 132 cfm, (Section 4 .3.1 1, Table 4- 14). The estimated
annulus ventilation flow rates are also the same, RPP· 12422. EnxineerinK Evaluation oj
Double-Shell Tank Vapor Space Condensation and Ann ulus Relati ve Humidity, The tank heat
loads are si milar. Tan k 241-AN-J03 has a heat load of 30,20 0 Iltw'hr while Tank 241-AN- I04's
heat load is 34.100 Btu/hr. RPP-5 926, Steady-Slate Flammable Gas Relea ..e Rate Calculation
and Lower Flammability Level Evaluation f or Hanford Tank Waste. Since the heat generation
for the two tanks is similar and the heat removal through primary and annu lus ventilation is the
same, the tem perature differences should be very similar. The high temperature difference for

14
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Tank 241 -AN-I04 may be an indication of a non -con vect ive 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 evalua tion . since the actual temperature difference between the liquid at the
surface of the wa ste (top of the non -convective laye r) and the vapor space is ex pected In be
c loser to 2 .3 0 F.

The mass transfer through the crust is modeled with a crus t thickness and porosity. Mass
transfer is assumed to oceur by diffusion only. The crust thickness is approxi mately 20 in as
shown in Figure 3-6. An empi rical value of 0 .02 for the poro sity was detennincd from the
evaluation o f Tank 241-SY -101, Section 4.3.5. Th is value provides reasonab le agreement with
the CO2 data for Tank 24 1-SY- 101. This same value is then used for all tanks with a surfa ce
crus t. This empirica l approach provides a reasonable prediction of the OH' ion depletion rate for
the limited number of tanks with surface crusts.

Table 3-3 Tan.... 24t-A.."'-104 Mr lmm:d Hydroxide Cencenrra t lens .

Sample b 'ent 011'
Declo Da te Molani,· Sampline: [ \ '1'111 THM' Srl!mrot Ph ase Sourer Document

September L984 4.•
Slurry Set 84-5, Liquid nia Supe rnatant

Intl."IlUII Letter,
Phase, Sample R-3303 65453-84-349

September/ 4.72
Slurry Ser. 84-5, 1.iquid ... Supernatant

Internal letter
October 1984 Phase. Semele R3J 05 6S4S) -8,.(}()9

Septe mber/
4.01

Slurry Set 84...5, Liquid
n'. Supnnatanl

Inlcma1 Letter .
October 1984 Phase. Samn le RJ307 65453-85-009

Scplcrnber!
3.73

Slurry Se1 84· 5, Liquid ... Supernatant
100emaJ Le tter,

October 1984 Pha !>t:. Sample R34 13 t1545l-85...()()9

Sc:plember!
3.48

Slurry Set 84-', Liquid "'. Supernatant
Internal utter,

October 1984 Phase, Sample R34 1, 65453-85-009

Ap ril 1985 4.48
Slurry Set 85-3, Liquid "'. Supernatant

Internal u tter
Pha se, Sample R4 683 65453-85-160

April 1985 3.38
Slurry Set 85-3, Liquid

n/a Supernatant
Internal Letter,

Phase Sample M 687 6545 3-85-160

August 1996 4.14 Core 164 Co mposite Supernatant
IINF-SD-WM-DP-

226

August 1996 4.20 Core 164 Composite Supe rnatant
HNF-SD-WM-DP-

".
July/Augu st

3.66 Core 282 I Supe rnatant FH -0201 7792000
July/A ugu:>l

4.02 Core 282 I Supe rnatant FH-020 1779
2000

15
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Ftaureo 3-5 Taa k 24 1 -A~-l o.t Temperature n .t• .
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figure 3·7 Tank 241-AN·IOJ Temperature Data.
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3.2.2 Tank 241·AN·105

Apr-02

- . ~ Supernatant

- Vupur SpltC..

Apr-O] Apr-06

The OH- ion depl etion for Tank 24 1-AN-105 is evaluate d fo r approximately a seventeen-year
period betw een April 19H5 and Decemher 200 1. Th e tank was te volume and measured
supernatant Oli' ion concent rations arc shown in Figure 3·& (TW INS 20 05). The measured Dl l"
ion concentration data are summarized in Table 3-4 . The tank volume during the evaluation
period is nearl y constant at 11 2n kga l. This tank contains 538 kgal of sa ltcake so lid waste,
HNF-EP-OI82, Rev. 220 . The supernatant volume , by difference, is 588 kgal during the
evaluation peri od.

Th e OH - ion concentra tions shown in Figure 3-8 represent the mid-point tor all the data obtained
for the three sample events listed in Table 3-4. TIIC average val ue for the evaluation period is
3.7 M. A linear regression of the OR ion concen tration data provides an estimate of the OH- ion
depletion rate for the evaluation per iod. The OK ion depletion rate is approximately 0.028 M/yr.
The maximum rate based upon the ventilation flow rate, with 100% CO2 absorption, is
0.Q28 M/yr.

17
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Figllr t" 3 -8 Tank 241 - A.~-1 05 lIyd ro. icl~ Ion Cc neentratlun Data .
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Ta ble 3-4 Tank 241·A!"i-IOS Measured Hydroxide Concentrations.

raoc

toea

Aggregation
Sample Reported Reported A\'eul:e

Sampling Segment
E ven t Value Value Valu es Location or DocumentLeve l nate (J.Lglml) lJll) (ill

Even t Name Nalll~

Supernatant Siuny S"- :'IS-3, ~U·W ,\l·PIo'()23 , Rev 0,
(Slurry 4/3/85 - 4.480 Liquid PhUl>C, NA Inrcmal Lcncr Il 54 S3- ~ 'j -I60

F i ltra~~)
3.93

Sample R-4683 (pages 3J.4 i)

Superna tant Stu")' Set :'IS-3 , SIl- W\oI _PI;...o23, Rev (I.

(Slurry 4/10/85 - 3.380 Liquid Phase, NA Interna l Uttd' 65453-.II S-I60

Fi l lrat~\ Sa mpl e R-468 7 (pace." 33-44)

Core
6/ 10/96 60500 Core 152 1 -14 H\F. SIJ.W\oI_l)P_t \l\l, Kev. l

Composite
-

3.44
Core

6/ 1 0/~ 1l 5M OO Core 152 1 -14 H~F-SIJ.W\ol -lJP-I 'N , « e.... I
Composite -

Drainable
12112/01 56500 3.51 298 1 Fl l-oZOlJlitJlI Reissue Iliquid -

The vapor space and supernatant temperature trends arc shown in Figures 3·9 (TWINS 20(5).
The average temperature di fference between the vapor space and supernatant shown in
Figure 3-9 exceeds 10 of . The December 2005 temperature profile in Figure 3-10 shows the
large tempera ture drop across the liquid-air interface. This temperature difference is inconsistent
with the tank heat load. in RPP-5926 of25, 100 Btu/hr. especia lly since the Tank 24 1-AN-103
heat load is 30,200 Btu/hr with a supernatant and vapor space temperature diffe rence of 2,3 OF.
The large temperature diffe rence is probably due to a non-convective (crust) layer near the
surface of the supernatant. Because Tank 241-AN-I 05 has a similar tank heat load and
ventilation tlow rate as Tank 241-AN-I03, the average vapor spaee/supernalant temperatu re
difference of 2.3 OF for Tank 241·A N-103 is used for Tank 241-AN -105.
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The mass transfer through the crus t is modeled with a crust thickness and porosity. Mass
transfer is assumed to occur by diffusion only. The crust thickness is approxi mately 20 in.
(Section 3.1.2, Appendix 0 ). An empirical value of 0.02 for the crust porosity was determined
from the evaluation ofTank 241-SY-IOI, Sect ion 4.3.5. Th is value provides reason able
agreement with the C02data for Tank 241·SY· 10 1. This same value is then used for all tanks
with a surface crust with the exception ofTank 24 1-SY-103 discussed in Section 4.3.7. This
empirical approach provides a reasonab le pred iction of the OH" ion depletion rate for the limited
number oftanks with surface crusts.

Ftgure 3-9 Tan k Z41-Al'i-I05 Temperature.
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Figure 3-10 Tank 241-AN-I05 Temperature Profil e ror December 2005.
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The estimated primary tank ventilation nnw rate for Tank 241-AN-I05 is 132 cfm,
(Section 4,3.11, Table 4-14). This ventilation flow rate includes filtered inle t flow and
in-leakage.

3.2.3 Tank 241-AP-101

TIle OK ion depiction for Tank 24 1-AP- l 0 1 j:-; evaluated fur approximately it four -year period
between February 2000 and April 2004. The tank waste voLume and measured supernatant
01r ion concentrations are shown in Figure 3-11 (TWrNS 2007). The measured OH· ion
concentration data are summarized in Table 3-5. Th e tank volume durin g the eva luation period
is nearly constant at 1113 kgal. This tank contains no sett led solids, HNF-EP-0182, Rev. 220 .

The average OK ion concen tration for the evaluation period, february 2000, is 2,39 M. A linear
regress ion of the OK ion concentration data provides an estimate of the OH-ion depletion rate
for the evaluation period. The OU' ion depict ion rate is approximately 0.022 Mlyr. The
maximum rate based upon the venti lation now rate, with 100% CO2 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.

Figurt'3-tt Tank 241.AP-IOlllydroxide Ion Concentration Data.
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Table- 3 ~ Ta nk 241 AP-IUI Measured lIydro'l ide Cuncentearlena- -
Cc nsttreent

Sample OH Loeatlon orTank Name
Name Even t Begln Concent ra tion

DocumentI>at ll (M)

241-AP-101 iI~roxide 2/812000 2.43 RPP· 13639, Rcv O
241-,AP· I01 Hvdroxide 411 12004 2.34 RPP-13639 Rev 2
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Vapor space and supernatant temperatures are shown in Figure 3-12 (TWINS 2007). The
avt:mge temperature difference between the vapnr spat.:eand supernatant shown in Figure 3-12 is
small. A va lue of 0.01 of is used for the eva luation.

The estimated primary tank ventilation flow rate for Tank 24 1MAP- lOl is 111 cfm,
RPPM29806. Evaluation ofTank 241-ApM105 Supernatant and Interstitial Liquid Hydroxide
Concentration.

Ftgure 3MI2 Tank 241-AP-IOI Temperature.
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3.2.4 Tank 241-AP-I03

The Off ion depletion tor Tank 24 1MAPM1OJ is evaluated for a three- year period from
August 1999 to October 2002. The tank waste volume and measured supernatant OR ion
concentrations are shown in Figure 3-13 (TWINS 2005). The measured Ott"ion concentrati on
data are summarized in Table 3-6. TIICtank volume during the eva luation period is nearly
constant at 282 kgal. This tank does not contain any solid waste, HNF-EP-O 182, Rev. 220. The
supernatan t volume during the evaluation period is 282 kgal.

The 01 r 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 approx imately 0.02 Mlyr. The maximum rate based on the
ventilation flow rate, with 100% CO2 absorption, is O.OJl M Jyr.

Vapor space and supernatant temperature s are shown in Figure 3M14 (TIVINS 2005). The
average temperature difference between the vapor space and supernatant shown in Figure 3- I U is
small . The temperature difference is very sm all during the period and difficult to quant ify. A
small value of 0.01OF is used for the evaluation. Thi s tempera ture difference is consistent with
the tank heat load of 13,600 Btu/hr. RPP-5926.

2 1
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The estimated primary tank ventilation Ilow rate for Tank 24 1-AP-I03 is III cfm, RPP-29806 .

Figure 3-13 Tank 241-AP-I03 Hydroxide Ion Concentrettc n Data.

AP103

"
"
"

~ 12,
i 10,
0 0 ,8

ce

ue

o.a

r
• &UlKIma lant

I....."""'''''' .....um..
l inear ISlJll"mIIloo l)

--

•
o sss • 0 .490

Y~ ~.5ollE"()5•• VjllE~

NO ::;••
'" e.•E
~oo :0

~
180 .!•
160 j

'"
'"

J... -ca

Table 3-6 Ta nk 241 AP· I03 Measured Il ydro:dde Concen trations- ,

Sample Event OIr
Sampling Event Type Segment Ph ase

Sou rce
Ikgin Dill!" :\-Iolaril)' Document

August 1999 0.52 Grab Sample "', Supernatant Hl'\F-1683 RC\I. 0

Augu.<;t 1999 U.55 Grah Samole rea Superna tan t II1\F· 1683 Ikv. O

August 1999 0.56 Grab Sample "'. Supernatant II1\F-1683 Rev. U

August 1999 0,56 Grab Sample nl a Supernatant Hl'F-1683 Rev. 0

August 1999 0.5!:1 Grab Sample "'. Suocrna tant HJli F·1 683 Rt:v. O

August 1999 0.59 Grab Sample "'. Supernatan t HNF- l fiil3 Rcv, O

October 2002 0.47 Grab Sample "'. Supernatant FH-0205 ~04

October 2002 0.51 Grab Sample "'. Superna tant FH-0205804
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Figure 3-14 Tank 241-AP-I03 Temperature.
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3_2.5 Tank 241-AW-103

The OH' ion dep letion for Tank 241-A W-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 OK ion concentrations are shown in Figure 3-15 (TWINS 2007), The measured
OH· ion concentration da ta are summarized in Table 3-7. The tank volume during the evalua tion
period is nearly constant at approx imately 1100 kgal. This tank contains 273 kgal of sludge and
40 kgal of saltcake, HNF-EP-0182, Rev. 220 . The supernatant volume by difference is
approx imately 786 kgal.

The average OIl' ion concentration for the evaluation period is 0.8 M. A linear regression of th e
OK ion concentration data provides an estimate of the OR" io n depi ction rate for the evaluation
period. The Ol l"ion dep leti on rate is approx imately 0.OI3 1-lIyr. Th e maximum rate based upon
the venti lation flow rate, w ith 100% CO2 absorption, is 0.022 M /yr .

Fi~Llre 3- t5 Tank 241-A\V-103 lIydro.\.ide Ion Co ncentration Data.
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1215.'2000 121512\Xll 1 ~,~ 111~ l V ....WG4 12J<l,/1OO~ 121....2Q06
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Table J ·7 Tank 241-AW-IOJ Mea sured Hydro xide Concemrattons..
Sa mple Reportetl on Sit mplleg

Segmen t
Kvent Regin

II;~:\
Con centration Rvent I.ocat ion of uocument

Date 'M' .....ame N lt ffie

3127120013 0.826 RPP·1 3639. Rev I
10114/2005 13000 0.764 320 I 06-ATL-012

Figure ] -16 Tank 241-AW-I03 Te mperature.
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Vapor space and supernatant temperatures arc 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 ufO .05 of is used for the evaluation.

The estimated primary tank ventilation flow rate for Tank 24 1-AW- I03 is 139 cfm, (see
Tab le 4-7).

3.2.6 Tank 24 1-AW- IOS

The Ol-lion depletion for Tank 241-AW-I05 is evaluated for approximately a four and one half
year period between March 2003 and March 2006. The tank waste volume and measured
supernatant Olf' Ton concentrations are shown in Figure 3-17 (TWINS 2007). The measured OK
ion concentration data are summarized in Table 3-8. The tank volume during the evaluation
period is nea rly constant at approximately 420 kgul. This tank contains 263 kgal of sludge.
HNF-EP-0 182. Rev. 220. The supernatant volume by difference is approximately 158 kgal.

3 Inven tory dat e. which is the sample date of jhe 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 0 11' ion concentration data provides an estimate ofthe 0 1r ion deplet ion rate for the
evaluation period. The OH-ion depletion rate is approximately 0.004 M/yr. The maximum rate
based upon the ventilation flow rate, with 100% C~ absorption, is 0.058 Mlyr.

Fl gUTI.'3-17 Tank 241- A \V_105 lI ydrod dl.' Ion Conl.'t'ntration Da ta,
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T able 3-8 Tonk 241·AW- IOS Measured Hydrodde Conecur ra tto ns.

Sample Reported Average
Event Begin Aggregation Vallie Concentration Sampling Segmen t Location of

Date Level (.ll!mLl 1M' Event Neme Nam e Document
3/7.'2003 Grab Sample 4860 5AW-03-Q IA NA FlI -030 l675

3l7tl003 Grab Sample 4830
0.274

5AW-03..QIA NA FH·030 \ 675
317tlOO3 Grab Sample 4390 5AW-O) -OIB NA fIl-0301675
3/712003 Grab Semple 4590 5AW-03-0 lB NA FH-0301675

4/16/2004 Grah Sample 4270 5AW-04-0 \ NA 7S 120-SGM -04"()15

4/1 6/2004 Grab Sam ple 4310 5AW -04-01 NA 7S120 -SGM-04 -015

4/ 16/2004 Grab Sample 4R50 5AW -04-Ql NA 7S120·SGM..(I4·015

4/16/2004 Grab Sample 4890 5AW-04-01 NA 7S I20-$G M-04 -0 15
4/16/2004 Grab Semele 4430 5AW-04 -0 1 NA 7S120-SGM-04-0 15
4/1612004 Grab Sample 4 540 5AW -04-01 NA 7S I2 0-SGM-04-0 15

4/ 1612004 Grab Sample 4820 5AW-04 -02 NA 7SI20-SGM-04- 015

4/16/2004 Grab Sample 4720 5AW -04-02 NA 7S I2U-SGM-04- 015

4/1(,f2004 Grab Sample 4430
0 .273

5AW-04 -02 NA 75120-SGM-04-015
4116m 04 Grub Sample 4510 5AW'-Q4..02 NA 7S 12U·SGM-04-015
4/16/2004 Grah Sample 42'" 5AW -04-02 NA 7S 120-SGM-Q4-015

4/16/2004 Grab Sample 4390 5AW -04 -02 NA 7S L20-SGM-Q4-015

4/1 6/2004 Grab Sample 4530 5AW'-04-03 NA 75 120-SGM-Q4-0 15

4/16/2004 Grab Sample 4530 SAW-04-03 NA 7S 120-SGM-04-0 15

4/ 1612004 Grab Sample 5090 5AW-04·Q3 NA 7S 120-SGM· 04·0 15

4/1612004 Grab Sample 5630 5AW-Q4-03 NA 7S 120-SGM-04-Q15

4/ 16/2004 Grab Sample 4690 5AW-04-03 NA 7S 120-SGM-04'{)15

4/16/2004 Grab Sample 4770 5AW -04-03 NA 7S 120-SGM-04-Q15

3/21/2006
Drainable

4440 322 1 RPP-RPT· 2974 S
Liuuid Rev.O
D~inable

0 .262
RPP-RPT ·29 7453121/20U6

Liuuid
4470 322 1

Rev.O

Fig ure 3- 18 Ta nk Z41-AW-105 T em perature.
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Vaporspace and supema_ t=peratures .... shownin Figure 3-18 (TWINS 2007). The
average temperatmedifferencebetween the vaporspaceand supernatant ahownill Figure3-18 is
small. The vaporspace temperature exceedstho superna_ temperature for much of tho data.
The temperature differences are verysmall and difficult 10 quantifY. A value of-0.01 of is used
for theevaluation.

The estimated primary tank ventilation lIow rate for Tank241-AW·IOS is 139clln, (fable 4-7).

3:1..7 Tank241·AY·I0l

Figure3-19 nod Table3·9 ahows the Tank241·AY·101 supematanlOlr ion concentratious fora
fiveyear period fromFebruary200110April 2006 (TWINS 20(7). The firstlWOpointa are
averaged data; the thinI point is tho Olr ion concenlnllion fromthe April 2006l1amp1e event
12 in. above the sludge, RPP·PLAN·28778, 2006, Corrosion Mitigation tmd COIJIf1tIlibIlity 2006
GrabSamplingandAtu.rlysis PIIJlt. The wastevolumeduringthe evaluation P'lli<>d
(TWINS 20(7), whicbvaries fromevaporation and periodicwater addiIions,~
approx~ly 182 kgal. This tank contains96kgal ofsludge, HNF·EP·OI82, RIOI. 220. The
average SIlpetUatant volumeby difference is approximately 86 kgaI.

The average QIr ion concentration for the evaluation period is 1.9M. A linearragression of the
OR- ion~on data provides noeslimaleof the OR- ion depletion rate fol' the evaluatioo
period. The Olr ion depletion rate is approximately 0.41 MJyr. The maximum ratebasedupon
the ventilation lIow rate, with 100'10 Co, absorption, is 0.5Mlyr.

Flgun3-19 Taak241-AY·101Byd.-..hleIoDC......tnlionD....
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Table 3-9 Ta nk 241-AY-IUI MeAsured Hyd rexfde CODcentn lions.
Sample Reported OR SampUnz SegmeDt Rererenee

Event Btgln Value Concentratlonl
. :"enl Name !'Olme Documentsnere fJ'llmL) (M)

2'2212001 54100 J.l8 IAY.(II.(I IA NA FH.(II03352

2'221200 1 46700 2.15 !AY-O I-O IA NA FII-OI033S2

2'22/200 1 49400 2.91 IA¥ .(I1.Q2A NA FH.QI03352

2122;200 1 521>00 3.09 IAY.(I I-02A NA FII-OIOJ352

2/2212001 52000 3.06 IAY.(ll~ NA FH-OI033 52

212212001 54200 3.19 IAY-oI~ NA FH-O I03J52

21221'2001 57300 3.37 IA¥-OI ..o5 NA FH-OI03352

212212001 53500 3.15 IAy-oI-Q5 NA FlI -Q IOJ352

4/10l2oo2 31800 1.99 Core J02 I FH-OZ02S] 1

4/10/2002 34700 2.04 Core 302 I Fll·02025 31

4l 17/2006 13300 0.78 IA¥.()6-Q3 NA RPP-R PT·29973

f~~3-20 Tank24I -AY-I OI Vapor Span' Te mp",ra lurt'•

•

--------:..,.'-::,,---- - ,---_ ,---- ,- ,---__--1

The Tank 241-AY-101 vapor space temperatures are shown in Figure )-20 (TWINS 2007 ).
Measured superna tant temperatures are not available. The average vapor space/supernatant
temperature difference was obtained from thermal analyses ofTank 24 1-AV- lOt ,
RPP-12387, Caustic Dynamic Mixing Analysesfor Tanh 24 / -AY-JO I. 24 / -AY- I02, 24/ -AZ-J02.
24 / -AN-J02 and 24 J-AN- /07. The average tcrnperature difference used for the eva luation
is9 OF.
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The measured primary tankvcntilation flow rate forTank241-AY-IOI in 2000 and 2001 is
shown in Figun: 3-21. The flow rates range from about 275 cfm to 350cfin. A flow rateof
340 cfin i. essumed for the evaluation.

~-
•

•

,~

3.2.8 Taok 241-AY-I02 Before Tonk 241-C.I06 Wute Transfer

The OR' ion depletion for Tank241-AY-102 is evsluated for a four-month periodbetween
July 1998andNovembcr1998. A caostic addition was made in earlyJuly 1998in preparation
for startup of Tank241-C-I06 retrieval. The tank wute vnlumeand measured supernatant
01£"ion cooccntrations arc shown in Figure3-22(TWINS 2007). Themeasured 01£" ion
concentration dsta arc !IWDIIllIrized in Table 3-10. The tankvolumeafter the cauatic addition
wee lnitisllyat apprn.imately 850 kgaI butwu reduced to approximstciy 457 kgaI early in the
periodto make roomfor the Tank 241-C-l06 waste. This tankcontained abollt8 in ofwute
(22 kgaI) at this time, HNF-EP.Q182, Rev 124, Waste Tank Summary &portlor Month Ending
July 31. 1998. The supernatant volumeby dilTerence i. apprOlumately 435 kgaI. .
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"-ieurr.J..ll Tank :z4t·AY· IOIII)droddf' 100 Cencenfredon Dal• .
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The average OK ion concentration for the evaluation period. JuLy 1998 is 0.5 L~1. A linear
regression of the 0 11' ion concentration datil prov ides an est imate of the OR" ion deple tion rate
for the evaluation period. The OU"ion depletion rate is over 0.3 M/yr. The maximum rate based
upon the venti lation flow rate , with 100% COl absorption, is 0.12 MJ}T. The depiction rate
based on the data is more uncertain because of the short evaluation period. The maxi mum
OH " ion depletion rate for the assumed ventilation now rate will be used for the evaluation.
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Table 3-10 Ta nk 241-AY-I02 Mt'Hsllrt'd IIvdroxide Ccncentr artons ,
Sa mple

Mt'Hsured Sa mpling
Tank Nam e

Aggreg ation Event
VIl I II~ Mola rit)'

A\'crage
Document Location Event

Level n egln
(pglmL)

Value CM'l
NameDate

24 1-AY-102 Grab Sample 1/ 14/98 1260 0.074 HNF-S(}.WM·DP ·299, Rev. 0 2AV-97·2
24 1-AY-102 Grab Sample 1114/98 1250 0.074 HNF· $O·WM·OI'·299, Rev. 0 2AY·97-2
24 1-AY- 102 Grab Sample 1/15/98 1270 0.075 HNF· S(}.WM·DP·2W, Rev. U 2AY-97·3
24 1-AY-102 Grab Sample 1/15/98 1260 0.074

0 .074
HNF· SD·WM· DI'-299, Rev, 0 2A Y·97-4

241-AY- 102 Grab Sample 1/15/9 8 1250 0.074 JINF-SD-WM-OP-299, Rev. 0 2AY-97-1
241-AY-102 Grab Sample 1/ 15/9 8 1270 0.075 HNF-SD-WM-OP-2')'), Rev. 0 2AY-97-3

241-AY- 102 Grab Sample 1/ 15/98 1260 0.074 HNF-S D-WM-OI'-299, Rev. 0 2AY-97-4

24 1-AY-l 02 Grab Sample l/15 ,~8 1260 0.074 HNF-SD-WM-DP-21J9. Rev . 0 2AY-97-1

24 1· AY· 102 GrabSamplc 717/98 9800 0,57 6 HNf -1 682 Rev. 0 2AY-98-4

24 1-AY- 102 Grab Sample 717/98 9440 0.555 HNF-1 682 Rev. 0 2AY-9K-2

241·A Y-102 Grab Sample 7/7/9K .'00 0.57 6 HNF- 1682 Rev. 0 2AY-98-1
241-AY- 102 Grab Sample 717/98 9800 0.576

0_576
HNF-1 682 Rev. 0 l AY-98-3

24 1-AY-lOl Grab Sample 7/7/98 9960 O.5R6 HNF-16 82 Rev. 0 2A Y-98·4
241-AY- 102 Grab Sample 717198 9800 0 .576 IINF-1 682 Rev. 0 2AY-98-2

241-AY- 102 Grab Sample 7/7/98 9930 0.584 HNF- I6K2 Rev. 0 2AY-9H- I
24 1-AY-J02 Grab Sample 717/98 9800 0 .576 IINF- 1682 Re v. 0 2AY-98-3
24 1-AY- 102 Grab Sample 11/22/ 98 6540 0.385 llNF- 1682 Rev. 0 2A Y-9H·6

24 1-AY· 102 Grab Sample 11/22i9 K 7] 60 0.433 HNF- 1682 Rev. 0 2AY-98-5
24 1-AY- 102 Grab Sample 11/22/98 63 10 0.37 1 HNF- 1682 Rev. 0 2AY-98-6
l 4 I-AY-102 Grab Sample 11/22/98 7430 0.437

004 13
HNF- I6K2 Rev. 0 2AY-98-5

24 1-AY- I02 Grab Semple 12/20/98 6940 0.408 IINF-1 682 Rev. 0 2AY·98 ·8

241-AY-102 Grab Sample 12/20/98 7270 0.428 HNF-1 682 Rev. 0 2AY-98-7

24 1-AY- I02 Grab Sample 12/20/98 6840 0.402 HNF-1682 Rev. 0 2AY-98-8
241 -AY-I02 Grab Sample 12f20/9X 7500 0.441 HNF- 1682 Rev. 0 l AY -98-7

The Tank. 241-AY-102 vapor space and supernatant temperatures are s hown in Figure 3-23
(TWINS 2007). The average h...nnperature difference is approximately 4 OF.

The measured primary tan k venti latio n flow rate s for Tank 241-AY- I02 in 2000 and 2001 arc
show n in Figure 3-24. The flow rates range from about 30 0 c fm to 5 0 0 din. The actual flo w

rate during the evaluation period is no t known. A flow rate of425 cfm is used for the evaluation.
This appears to be consistent with the high O K ion depletion rate.
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t'lgure 3-23 Tauk 241-AY-I 02 S upel"nalaul and Va por Space Temp er-ature,
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3.2.9 Tank 241·A Y·\OZ

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 Olt '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 15J kgal of sludge solid waste, IINF-EP-OI 82,
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 011' ion concentration data provides an estimate of the OH· ion depletion rate
for the evaluation period. The 0 11" ion depletion rate is approximately 0.13 M/yr. The
maximum rate based upon the ventilation flow rate, with 100% CO2 absorption, is 0.1 1 Mlyr.
The data exceeds the maximum rate. Because of the uncertainty in the Oll"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 ....igure 3-26 is only 3.1 OF. The estimated heat load for this tank is 129,000 BTU/hr.
RPP-1238 7. TIle heat load reported in RPP-5926, 127,400 BTUlhr, supports the RPP~1 23 87

estimate.

The estimated primary lank ventilation flow rate forTank 241-AY-102 is 425 d in, based on
now rate measurements between November 1999and July 2001, Figure 3-24.

"·IJ:ur~ 3-23 Tank Z41-AV- IOI lI ,.drodd. Ion Ceueen tratjou Data .
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TablCl3-11 Tank 241-AY-l02 MeasurCld Hydroxide Ccneentretleae.

Sample Event OM-
Sampling Event Type Segment Phase Source Document

Begin Date Molarity

March 2001 11
Pust Caustic Addition nI, Supernatant FII-0103293, Reissue z

Grab Samnle 2AY-0 L-OS

March ?:QOl 1.1fi
Post Caustic Addition nI, Supernatant FH_1l11l."29", Reissue 2Grab Sample, 2AY-OI-05

March 2001 1.14
Post Caustic Addition nI, Supernatant FH-0103293, Reissue 2

Grab Sample, 2AY-OI-06

March 2001 1.08
Post Caustic Addition nI, Supernatant FH-OI03293, Reissue 2

Crab Sample, 2AY-01-06

March 2001 1.11 Post Caustic Addition n/a Supernatant FH-OI03293, Reissue 2Grab Samnle, 2AY-OI-O?

March 2001 UU
Post Caustic Addition nI, Supernatant FH-U103293, Reissue 2

Grab Sample, 2AY-OI-O?
Post Caustic Addition

March 2001 1.19 Grab Sample Composite nI. Supernatant FH-0103293, Reissue 2
(2AY-OI-05 06 ·071
Pust Caustic Addition

March 2001 1.18 Grab Sample comPoo~te nI. Supernatant FH·Ol03293, Reissue Z
(2AY-or-es, 06, 0

March 2001 I.U3
Post Caustic Addition 1 Supernatant FH-OI03293, Reissue 2

Core 290

March 2001 1.11
Post Caustic Addition 1 Supernatant FH-OI03293, Reissue 2

Core 290

March 2001 1.05
Post Caustic Addition

S Supernatant FH-0l03293, Reissue 2
Core 290

March 200t 1.07
POSt Caustic Addition S Supernatant FH-OI03293, Reissue 2

Core 290

March 2001 0,92 Post Caustic Addition
9 Supernatant FII-OlO3293, Reissue 2

Core 290

March 2001 0.98
Post Caustic Addition

9 Supernatant FH-OI03293, Reissue 2
Core 290

March 2001 1.09
Post Caustic Addition

1,5,9 Supernatant FH-OI03Z93, Reissue 2
Core 290 Composite

March 2001 1.03
Post Caustic Addition

1,5,9 Supernatant FH-0103293, Reissue 2
Core 290 Corrroosire

April 2002 0.84 Core 300 1 Supernatant FH.0202868, Reissue 1

April 2002 0.86 Core 300 1 Supernatant FH-0202868, Reissue I

November 2002 0.74 Grab Sample nI. Supernatant FH-020S402

November 2002 0.75 Grab Sample nI. Supernatant FH·0205402

November 2002 0.69 Grah Sample nla Supernatant FIl-0205402

November 2002 0.88 Grab Sample nla Supernatant FH-0205402

November 20U2 0.69 Grab Sample nI. Supernatant FH-0205402

November 2002 0.71 Grab Sample nla Supernatant FH-0205402

November 2002 0.71 Grab Sample nI. Supernatant FII-0205402

November 2002 0.76 Grab Sample nI. Supernatant FH-0205402
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Figurr 3-26 Tank Z41-AY-I0Z Temperature,
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3.2.10 Tank 241-AZrlOI

The OH' ion depict ion for Tank 241 -AZ-IOI is eval uated for a period of nearly thirteen years,
October 1987 to May 2000. The tank waste volume and measured supernatant OK ion
concentrations are shown in f igure 3-27 ([WINS 2(05). The measured OH' ion concentra tion
data arc co ntained in Tabl e 3- 12. The average tank vo lume during the evaluation period is
9 16 kgal. Th is tank contains 52 kgal of sludge solid waste, lI NF-EP·OI R2. Re v 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 tor 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 vo lum e through evaporation. The
adj usted va lue is shown in Figure 3-27. A l inear regression o f the OH' ion con centration data
provides an estimate of the OIr ion depl etion rate for the evalua tion period . The OH' ion
depletion rate is approximately 0.016 rvVyr. The maxi mum rate based upon the ventilation flow
rate. with 100% COz absorption, is 0.022 M /yr.

Tank 241 · Al-101 supernatant temperatures (R54 , Te3) are shown in Figure 3-28
(TWCNS 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 tank s which are evaluated in Section 3.0 is us..ed (2 .0 "F).

The estimated primary tank ventilation flow rate for Tank 24 1-AZ- I0 1 is 149 cfm, based on
measured flow rates between November 1999 and July 200 1.
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Figure 3-27 Ta nk 141-A7...101 H)'dru~id t" Ion Cunceatraucn Dalll .
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Ta ble 3-11 Tank 241-A7... 101 \teasnr,ed Hydroxide Concentratlom•.

Sample
0" SourceEvent Begin

Molarity
Sam plin g I<:vent Type Segme nt Phase

Document
Date

Octuhcr 1987 0.90 Grab Sample 01, Supernatant 12221-PCL88-Q9 1

March 1995 0,653 Grab Sample 010 Supemerant 75970-95-037

March 1995 0.(,59 G rnh Sample 01. Supernatant 75970-95-0]7

March 1995 OJi59 Gra b Sample 01, Supernatant 75970-95-037

March 1995 0.665 Gra b Sample 01. Supernatant 75970-95-037

March IW5 0.665 Grab Sample W, Supernatant 75970-95-037
March 1995 0.735 Gra b Sam ple w, Supernatant 75970-95-037

May 2000 0.819 Gra b Sample" W. Supernatant FH-0201779
May 200U 0.835 Grab Sample 01. Supernatant FH-020I779

4 Grab samp le taken during mixer pump test. Measurement includes intcrsntial Iluid which i~ less than 6% of the
supernatant volume,
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Elgurc 3-2)1 Tan k Z41-AZ. IO t Temperature.
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3.2.11 T nnk 24 1-A7~ I 02

The OH - ion dep let ion for Tank 241-AZ- 102 spans two periods shown in Figure 3-29. The first
is a period ofapproximately seven years, February 1995 to October 2001 . The second, after the
May 2002 caustic addition to Tank 24 1-AZ-I02. is a period of approximately three years,
July2002 to June 2005. The tank waste vol ume and measured supernatant OH-ion
concentrations arc shown in Figure 3-29 (TWrNS 2005). The measured OH' ion concentration
data are contained in Tab les 3-13 and 3- 14 . The average tank volume during the first evaluation
period is 962 kgal. T his tank contains 105 kga l o f sludge so lid waste, HNF-EP -OI82, Rcv 163,
Waste Tank Summary Report f or Month Ending October 31,2001. Therefore, the ave rage
supernatant ...·o lwne duri ng the firs t evaluation period is 857 kgal. The average lank volum e
dur ing the second evaluation period is 996 kgal . The average supernatant volume during the
second evaluatio n period is 891 kgal .
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t'l Kure 3-29 Tan k 2·U-AZ-1 02 lIydro.\idr 1011 COllcr ntralioll Uafll.
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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 eva luation period is 0.016 M. A
linear regres sion of the OH' ion concentration data provides an estimate of the OH' ion depletion
rate for the first eva luation period The Ol l"ion depletion rate is approximate ly 0.004 ~Vyr. The
maximum rate based upon the ventilation flow rate, with 100% CO2 absorption, is 0.015 M/yr.

The average 0 1I" ion concentration for the second evaluation period is 0.15 ~1. A linear
regression of the OH' ion concentration data provides an estimate of the OB" ion depletion rate
for the second evaluation period. The OR ion depict ion rate is approximately 0.019 M/)T. The
maximu m rate based upon the ventilation flow rate, with 100% C~absorpt iQn, is 0.014 M/yr.
The measu red OR 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% C02absorption from the ventilation air will be used for the
evaluation.
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Tab le 3-13 Tnt. 241-A7...101MU4ur~ H)'droUdfo Concent...1iooL

Sample [ " eat OIT Samplhll
Segment P.... S ou rce »MurneD1

Begln Date Mol.rlll EnntTypt

February 1995 Grab Sample ,,;, SUP~ll.tant
7597()'95·039,

0. 11 7 Revision 1

February 1995 Gmb Sample n/,. Supernatant 75970·9$-039,
O.IU'>I Revision I

l"e~I995 Grab Sample ,,;, SUpl.'TTIlI.llmt 7597()'95-039,
O.IOS Revi!fon I

febnwy 1995 Grah Sannpk .., Supem.aunt
7591~95.())9,

0.lU8 Revi.;ion I

J\I.ltC 1m Q_026 Cere 261 I Supcmaunt HNP· 1697, Rev. OA

June 1999 0_021 Con: 261 2 Supernatant HNF· I697, Rev. OA

Juno !!111'.1 D.02~ Core 261 3 SUpemooant HNF. I697. Rev. OA

June 1999 0.029 Core 261 4 Supernatant I INF· 169'7. Rev. OA

June 1999 0021 Cofe261 5 Surcmatan l IDU'-I697. Rev. OA

June 1999 0.026 C'(K'C 261 , SupernllUKll HNF. 1697. Ra.-. OA

June 1999 0.030 Core 201 1 SUPI.'T!11l1an1 IDlF· 1697, Rev.OA

June 1999 0_026 Core 261 8 Supernatant fn{F-1697, ~v. OA

June 1999 0.026 Core 261 9 Supernatant HNF.1697, Rev. OA

June 1999 0.023 CIJl'l"261 10 Supernatant HNF·1697. Rev. OA
June lQ99 0.025 Core 261 1\ Supernatant IINF·1697. Rev. OA

June 1999 0.029 Core 261 12 S\:pematant ImF· I697. Rcv_0,0.

June 1999 0 .024 C~261 13 SIIpt:matllnl HNF·1697. Rev. OA

JuIlC 1999 0.021 ccee 261 14 '""""""" ID'f·I b97. Rev . UA

June 1999 U_021 Corc 261 15 Supernatant fmF.1 697, Rev. OA

June 1m 0 .025 Core 261 16 SU~t"&1t HNF· Iti91. R('V. OA

July 1m 0.02 1 Core: 2(.2 I S""""",", HNF· I697. Rev. OA

July 1999 0.026 Ccee 262 2 Supunataol HNF.I697. Rev, OA

July 191)9 O.O IR Core2b2 3 SU~il.lIlJ1t 1INf · 1697, Reov. OA

July 1999 O.U2 1 Core 262 4 Supernatant HNF-1691, Rev. OA

July 1999 0.006 Core 262 5 Supernatant HNF·1697, Rev. OA

Ju1yl ?99 0.010 Core 262 6 Supt:rnatant I~·Hi97, Rev.OA

July 1999 0.004 Core 262 , Supernatant HNF.1691, Rev . OA

July 1999 U.013 Core 262 • SUpem.alant HNf· I697. Rev. OA
July 1999 0.026 Core 262 • SuI>O'l'lllLtr. l H:\"F·I697. Rev. OA

July 1999 f1.011 Core 262 10 S"J'0"3"'" IDl"H697.~. OA

s JuI)" 1999 Off ion concentrations cak ulated hued on pH measurements .
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Ta bleJ-14 Tank 241-Az..I0! :\1esllurtd Uydroooe Coa('C'n~ratiou. toII ti ouoo.

Sample Evtnt 011 Sampling E~nt Segment PhaR Seurce UOr1llMnt
BeglnDate Molarity' 1)]>'

July 1999 0.0011 Core 262 11 Supanatant tlNF ·I 697. Rev. OA

July 1999 0.029 Core 262 12 Supernatant HNF· 1697, Rev. OA

July 1999 0.O'l4 Core 262 13 Supernaranl HNf-lb97, Kev. UA

July 1999 0.035 C0r0262 I' Supt:rna.tlUlt HNF· 1697, Rev. OA

July 1m 0,031 Core 262 14 SUf't"lalltnt IDIF.J697, Rev. OA

July 1999 0.039 Core 262 IS SupematMl H.'o"F.1697, Rev. OA

July 1999 0..... Core 262 IS "''''''''''''' IDor· 1697, Rev. OA

Jul)' 1999 o.eoi Core 262 16 Supernatant HNF·1697, Rev. OA

Ju l)' 1999 0.1'101 Core 262 16 SUpanllllmt H1'.T ·1691. Rev. OA

July 1999 0.024 Core 1(,2 17 Supernatant HNf · 1697. Rev. OA

July 1999 O.,ns C~262 17 Supe:matllnl HNf . 1697, Rev. OA

Julyl 99Q 0.026 Core 262 17. Supernatant HNf· 1697, Rcv. OA

Juiy 19'19 0.026 Con: 262 17. Supernatant HNF·1697, Rev. OA

September 1999 0.023 Core 268 16 Supernatant IINF· 1697, Rev. OA

September 1999 0.0:23 Core 268 l6 Supernatant HNF·1697, Rev. OA

Septe mber 1999 0.025 Core 268 17R SUpmlaumt HNF· I697, Rev. OA

September 1999 0.025 Core 268 170 Supernatant HNt<·1697. Rev. OA

""""" ' 001 0.0 10 GnhSample. w, Sup:mIlQIlI
fll·OIOfA97,

2AZ-OI-o2 ...~
f.Xtober lOOt 0.013 Grnb~c, w, """""""', fH-OI06491,

2AZ-OI-02 RW I\lC
Grob SaJTIP'ic.

October 2001 0.007 2AZ-OI-02. .', Supemaeam FH.o IO,012eau...tic Dml.md
Analytital Rnult

July 2002 0.18<0 Core'"' 1 SUJlClTl.1lant
FH.o2040S9.

Reissue 2

Jul)' 2002 O. 16~ Core 303 I Supernatant
fH.o204059,

Reissue 2

l illy 2002 0.165 Core 303 9 Supernatant FH·0204059,
Reissue 2

AuguSI20 0J 0.142 Core 310 ' RI Supernatant
7S 120·RWS-03-OO3,

Rei»ue J

Augu\12003 0-144 Core 3 10 IRI Supunlllllnl 7S I10-RWS-OO -OOO,
RC'Wue 3

Ju... - 0.113 Corc ]16 1 Sopenw.ant
OS-Afl..064,
Rei~1

June 2[}()j 0.123 C\tn!J 16 I SUp<:rTIIltant
05-An-<l64,

Reissue I

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 OF).

6 July 1999, September 1999 and October200 1 Olf" jQD concentrations based (In pH l1leIllWf'e1llenta.
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The estimated primary tank ventilation flow rate for Tank 24 1-AZ-102 is 102 din, based. on the
measured now rates between November 1999 and Ju ly 200 1.

Plgure 3-30 Tank 141-AZ-IOl Temperature•..,
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3.3 II A rI"FORD SIT E VAPOR SPAC E CARBON DIO XIDE DAT A

Vapor space sample data were obtained from selected IIanford Site waste tank s in support of the
Flammable Gas Program. These data included the C(h concentrations. TheC~ data are
available in TW INS for the following double-shell tanks:

• 24 1· AN Farm
Tank 24 1-AN- IOI
Tank 24 1-AN-103
Tank 24 1-AN-I 04
Tank 24 1-AN-105
Tank 24 1-AN-107
24 1·AN Farm Ventilation

• 24 1-AP Farm
Tank 24 1-AI'-101
Tank 24 1-AP-102
Tank 241-AP-I 04
Tank 241-AP-106
241-AP Fann Ventila tion
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• 241·AW Farm
Tank 24 J-AW- IOJ
24 1-AW Farm Ventilation

• 241-SY Farm
Ta nk 24J -SY-JOJ
Tank 24J -SY-J02
Tank 24J -SY-JOJ
24 1-SY Farm Venti lation

• Aging Waste Tanks
Tank 241-AY-J02
Tank 241-AZ-IO J
Tank 241-AZ-I 02
AWF Ventilation

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

An example of the vapor space CO2 data is shown in Figure 3-3 1. TIle figure shows the data for
Tank 24 l-AY-102. There is typically considerable scatter in the CO2 data. T he values arc
averaged over representative periods to provide data points use ful for benchmarking the
mechanist ic hydroxide dep letion model.

Tank 24t -AY-I02 Measu red Vapo r Space CO2 Concentra tions.
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4.0 BENCHMARK OF THE MECHANISTIC DEPLETION MO DEL

The mechanistic hydroxide depletion model and the Hobbs depletion mod el presented in Section
2.0 have been bcnchmarkcd using the SRS and Hanford Site data presented in Section 3.0. The
models have been used to predi ct the rate of Olfion depletion through the absorption of CO2•

The predic ted CO 2 absorption fraetiun is compared to the mea sured C02 absorption fraction for
the SRS data . The predicted OM" ion molar ity dep letion rate is compared with the molarity
depletion rate derived from OM" ion concentrations for the Hanford Site data. Results of the
benchmark analyses comparison an: presented in the fo llowing sections.

4.1 SAVANNAH RI VER SITE DATA

The SRS data related to the OH-ion dep iction from H-Area waste tanks is used to benchmark the
mechanistic and Hobbs depletion models. Data for the H-Arca waste tanks is included in
Table3-1.

4.1.1 Hobbs Deplel iun Mode l Benchmark Usiru; the SRS Dat a

The Hobbs depletion model presented in Section 2.2 is an empirically based model. The C02
absorption fraction is determined from the SRS data presented in Table 3-1. The CO2 absorption
fraction is only a function of the supernatant OH"ion concentration, as shown in Equation 2-5.

Figure 4-1 Hobbs Model Pred tcucn e r Car bun Dioxide Ahsurptlon Fractio n fur SRS Data .
-- --

Hobb s Model

,
os /

~ , SR. Tonk~1
,

../0
.2 06 _Huw
u fi'.J: 0,7

0 .>.
~ 06 , -:g- 0 5
• /"~< " /-e
t! 0,3 »:~
! 0,2

./~

c 7,
c ,., " na c.• " " " " "

,
Measured Absorp tion Fract ion

The Hobbs depletion model is used to predict the OH"ion depletion for the SRS H-Area tanks.
TIIC predi cted CO2 absorption fraction, Equat ion 2-5, is compared to the measured CO2
absorption fraction in Figure 4-1. The measured CO2 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 lie 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 .:\1odel Benchmark Using the SRS Data

The mechanistic depletion model presented in Section 2.3 uses the Colburn anal ogy to
determine , on a mechani stic basis, the C~ mass transfer rate at the supernatant surface. The
C02 mass transfer rate, related to the CCh absorption fraction in the Hobbs model , is a function
of the primary tank ventilation now rate, the temperature difference between the vapor space ami
supernatant , and the supernatant OH · ion co ncentration when OH· ion concentrations are low (see
Figure 2-2).

Ftaure 4·2 Mt'chanhtic Mode) Predi ction of Carbon Dioxide Absorption Fraction for SRS Data.
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The mechanistic depletion model is used to predi ct OH - ion depletion for the SRS H-Area tanks.
The predi cted C02 absorption fraction is compared to the mea sured CO 2 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 va lue. Th e OT-I" ion conc entration for
this data point is 0.0001 M, two orde rs of magnitude less than the lowest AC 5. 16 Ol l" ion
concentration limit. There is less scatter in the predictions for higher C0 2absorpti on values ,
when com pared tn the' Iobbs 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, mechanisti c prediction of e 0 2 mass
transfer as a function of primary tank ventilation flow rare. vapor space/supernatant temperature
difference and Ol l"ion concentration provides a better understanding of the OH "ion depletion
process.
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4.2 HANFORD SITE SUl'ER,''1ATANT HYDROXIDE DATA

The Hanford Site DST data related to OIr ion depletion, Table 3~2 , are used to benchmark the
Hobbs depleti on prediction and the mec hanis tic depletion mode l.

4.2.1 Ho bbs Depiction Model Benchmark Using the lIanford Site Hata

Results of the Hobbs hydroxide depletion model benchmark using the Hanford Site DST data are
shown in Figure 4·3. The molarity dep letion rate is derived from the C~ absorption fraction of
the Hobbs model, from Equation 2-5, using Equation 4- l and Table 3-2 data.

(4- 1)

Where:
{ C02 ] air is the concentration of COz in the inlet air stream...,
Q u nf is the primary tank ventilation flow rate.

V..,pcma13 nl is the tank supernatant volume.

"~ohM is the CO2 absorption fraction predicted by the Hobbs model.

The Hobbs model OH-ion depletion rates generally agree well with the data. The uncertainty in
the predict ed OK 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, contro lled tests where the
OH- ion depletion rate was determined by measurement of CO2 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 period s ufthe time.

Figure 4-3 Hohhll Model Prt'dicrion of lIyd rol:id e Dt'pl etion Rat e for Hnford Site Data .
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4.2.2 Mechanistic Depletion Model Renchmark Using the Hanford Site Data

The resu lt'> of the mechanistic hydroxide depl etion model benchmark using the Hanford Site
DST data are shown in Figure 4-4.

Ffgure 4.4 ~1echanistlc Mod el Pr ediction'Sof Hydroxide Dl'p ll'lion Rat es for Hanford Site Data .
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The mechan istically predicted Ol l"ion depl etion rates are in reasonable agreement with the
measured data.

The predicted CO2 absorpt ion fraction and OH- ion depletion rates (in both moles and molarity)
arc shown in Table 4-1 for the Hanford Site DSTs eva luated . The predicted CO2 absorptio n
fractions range from 90% tor Tank 24 1-AZ· 102 to as low as 18% for Ta nk 24 1·AN- 104, which
has a crus t limiti ng the air-liquid inte rface mass transfer. The predicted OK ion dep letion rates
range from 0.004 Mlyr for Tank 24 1-AW-1 05 to 0.4 1 Mlyr for Tank 24 1-AY-10 1. The Oltion
mo le depletion rate for the ten tanks ranges from a low of 10,600 moles/yr in Tank 24 1-AN - l04
to 151 ,bOO moles/yr in Tank 241 -AY-102.

Doth the Hobb s model and the mechanistic depletion model compare reasonably well with the
SRS and Hanford Site supernatant OH- ion concentration dat a. However , since the mechanistic
model is not an empirical equation, but is based upon physicalmechani sms, it has a wider range
of application. Th is is demonstrated with the evaluation of the Hanford Site vapor space C02
data in Section 4.3.
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Table 4-1 Summary of Results for Meehanistic Model for Hanford SUe Data.

Predkted CO2Ab1orption Predicted Predicted Measured
OIr OR'

Tank~241
CO, Fraction OR'" Depletion

Depletion Depletion
Absorption Inferred from Rate

Rate RaleData
Fraction OR Data (Moleslyr)

IMlvr' IMlvr'
AN-104 11% 31% 10,600 0.005 0.009

AN-lOS 18% 99% 11,100 0.005 0.028
AP-IOI 63% 99% 33,200 0.008 0.013
AP-I03 63% 41% 33,200 0.031 0.020
AW-I03 70% 60% 46,500 0.016 0.0[3
AW-I05 28% 4% 18,400 0.031 0.004
AY-IOI 83% 82% 136,000 0.416 0.41

AY-102(1998 75% 99% 151,600 0.092 0.12
AY-102 (2001 73% 99% 148,100 0.08 O.ll

AZ-lOl 87% 67% 61,700 0.019 0.016
AZ-W2 (999) 90% 28% 44,200 0.014 0.004
AZ·W2 (2002) 90% 99% 44,200 0.013 0.014

4.3 HANFORD SITE VAPOR SPACE CARBON DIOXIDE DATA

The DSTs with vapor space CO2 data identified in Section 3.3 are used to further benclunark 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:
• vapor space/supernatant temperature di fference
• supernatant OK ion concentration
• ventilation flow rate
• presence of surface crust.

The fraction of CO2 absorbed from the ventilation air stream is given by Equation 4-2, which is
derived by rearranging Equation 2-3.

(4-2)

OHdep

F= 2
[C021airatnb -a.:

Where:
F = Co, absorption fraction
Olldep = OH-ion depletion rate [moles/unit time]
{C02 ] air. = C02 concentration in the inlet ambient air [mole/volume]_.
Qven/ = ventilation flow rate [volume/unit time]

The predicted vapor space C02 concentration is given by Equation 4~3.

(4-3)
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Where:
[C02 ] , = CO2 concentration of the vapor space [mole/volume]

Ulrb~lt

The vapor space C0 2data and the benchmark analyses are presented in the following sections.

4.3.1 T ank 241-AV-t02 Carhon Ilioxide Data Eva luation

4.3.1.t Tank 241-AY- t02 Data

Th e SHMS data for the Tank 24 1-AY -102 vapor space are shown in Figure 4-5 (TW INS 2007).
Th ere are three time periods identified on the chart. The supernatant Olf ion concentration was
diffe rent for these three periods resulting in a change in the C02absorption ra te and the
CCh vapor space concentrat ion. The measu red supernatant O H- ion concentrations are shown in
Figure 4-6 and Tab le 3· t0 and Table 4-2 (TWINS 2007). In January 1998, the supernatant
OH" ion concentration was 0.074 M. The co ncentrat ion increased to 0.58 M in July 199Mdue to
a caustic addition to the supernatant. By April 1999. the OH- ion concentration has decreased to
O.OM2 M. The buffering of'the OH· ion affects the C02 concentration in the aqueous phase and
the COz absorption rate. This buffering is important at low O H"ion concentrat ions.

The ventilation now rate, supernatant temperature and vapor space/supernatan t temperature
difference used for the mechanistic model ca lculation are presented in Section 3.2.8 and 3.2.9.
The results of the mechanistic model analyses are shown in f igure 4-7 and discussed in the
following sections .
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T ablto 4-2 T u k 241-'\1'-1 02 ~l tonurt'd Il yd roDde Concentrations.

A~r~.tion
S.mplr J\1toBlurf'd

Annge Documen l
Sampli ng

T ank x eme Event "'alu to MularilJ l-.:vent
Level

R~i D n ate lPg/mI.)
Yalu(' Q!) " ocatinn

Nult

24 1·AY-102 Urab Samole 3: 11/99 4670 0.275 1l}o..'Y-1682 Rev. 0 2AY-99-2

241-AY·102 Grab Sample 3111/99 ,no 0.280 II1\F-I MI2 Rev. 0 2AY..Q9· 2

24 1-AY-10 2 Grab Sample 3111/99 3520 0.207 0.220
11h"F-1682 Rev . 0 lAY-99-3

24 1-AY-102 Grab Samole 3: 11/99 3490 0.205 11l'o'Y-1682 Rev. 0 lAY-99-3

24 1-AY- 102 Grab Sample 3: 11199 2990 0.176 II NF-l fiRl Rev. 0 l AY·Qq..4

24 1-AY- 102 Grab Samnlc 3/11/99 3010 0.178 II NF-1682 Rev. 0 2AV-99..4

24 1-AY-102 Grab Samole 411199 1620 OJ19:i IlNf-1682 Rev. 0 2AV-99-6

24 1-AY-102 Grab Sample 4/1199 1580 0.093 IINF· 16R2 Rev. 0 2AY-99-fj

24 1-AY-102 Grab Samnlc 4/1/99 1240 0.073
0 .082

II NF-16RZR ev. O 2AV-99-7

24 1-AV-102 Grab Semele 4/1/99 1300 0.076 HNF-1682 Rev. 0 2AY-99-7

24 1-AV- I02 Grab Semele 4/ 1/99 1290 0.076 II NF·1 682 Rev. 0 2AY-99-S

24 1-AY-102 Grab Semele 4/ 1/99 1330 0.078 IIS F-1682 Rev. 0 2AY-99-8

4.3.1.2 Tank 241~AY~I02 Mechanistic Model Prediction

The: predicted va por space C (h concentrations fo r the three periods discussed in the: previous
section arc shown in Figure 4-7. These are compared with th e average measured data for the
periods shown in Figure 4-5. Tbc supernatant OH- ion concentration for period 1 is 0.074 M.
The low 0"' ion conce n tration resu lts in higher CO2 in the aqueous phase. This increases the
CCh concentration on the air side of the vapor/liquid interface. The mass transfer of CO2 from
the bulk air is proportional to the CCh concentrat ion difference between the hulk air and the
interface. Therefore, the mass transfer of C02from the bulk air is limited on the vapor side.
This re sults in a predicted COt concentration above 30 0 ppm which agrees well with the ave rage

measured data.
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The predicted vapor space CO2 concentration for the second period is shown in Figure 4-7. The
supernatant OH- ion conce ntration ranges from 0.58 M to 0.41 M over the period (Figure 4-6) .
The higher OH- ion concentration reduces the aqueous CO2 concent ration. The CO2 absorption
rate becomes limited by the supply of ventilation air. This results in a lower vapor space COz
concentrati on. 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 COl concen tration.

The predicted vapor space CO2 concentration for the third period is shown in Figure 4-7. The
supernatant 01-1" 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 C02 concentrations are
between the values for period I and period 2 as expected. The predicted value is 290 ppm which
agrees well with the average measured value of 270 ppm.
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The vapor space CO:z concentration is well predicted by the mechanistic depletion mmlel. The
mudd predicts the difference in vapor space CO:! concentration observed in the measured data.

4.3.2 Tank 241·AZ... I01 Carbon Dioxide Data Evaluatlen

Measured vapor space CO2 concentrations for Tank 241-AZ- l 01 are shown in Figure 4-8
(n VINS 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.

50



F"g~ 62 o f 44 0 01' DA0602 3 33 3

RPP-26676 Rev I

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 a ll' ion co ncentration is above
0.6 M. The COz absorption is limited by the ventilation air flow rate . The predicted vapor space
CO2 concen tration shown in Figure 4-8 is 54 ppm. The average for the minimum of the
measured data at eaeh sample time is 97 ppm. Th erefore, the predicted vapor space COz
concent rat ion agrees reasonable well with the minimum mea sured data .

fi gur e 4-8 Tank 241·AZ- tOt .\ t eu urcd Vapor Sp ace COzConcentrations-..
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4.3_1 Tank 241-AZ-I02 Carbon Dioxide Uata Evaluation

Measured vapor space C0:2 concentrations for Tank 24 1-AZ- I02 arc shown in Figure 4-9
(TWINS 2(07). These data were measured from November 1998 to Sep tember 1999. The
duplicated data tor this data set are mueh more consistent than the Tank 24 1-AZ-101 data.

The paramet ers for the Tank 241-AZ-102 hydroxide depletion model predictions presented in
Section 3.2.11 were USN for this evaluation. Figure 3·29 sho ws 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 C<h concentration and reduces the CO2 mass transfer from the bulk air to the air/liquid
interface . The predicted vapor space CCh co ncentration shown in Figure 4-9 is 295 ppm . The
average measured data durin g this period is 243 ppm. Therefore. the predicted vapor space
CCh concentration agrees well with the average measured data
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Ffgure 4-9 Tank 241-Al.-I02 Measured v epc r space COl Concentrations.
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4.3 .4 AWF Venlilation Carbon Dioxide Data Evaluation

4.3.4.1 AWF Data

The measured CChconcentration in the AWF vent ilation outlet stream in August 2000 is shown
in Figure 4-10 (TWINS 2007). The samples were collected using SUM MAT" canisters. The
average measured CO2 concentration is 325 ppm. This air steam incorporates the ventilation air
for Tanks 24 1-AY-IO I. 24 1-AY-102. 241-AZ-10 I and 241-AZ-102. The CO, evaluation fur
Tanks 241-AZ-l 01 and 241 -AZ- 102 presen ted in Section 4.3.2 and 4.3 .3 were used for the
AWF ventil ation evaluation since the tank con ditions for Aug ust 2000 are ex pected to be similar
to the indiv idual tank conditions for the AZ tanks. The vapor space/supernatant temperature
difference and ventilation flow rates for the previous Tanks 24 1-AY-101 and 24 1-AY- 102
evaluations (Sections 3.2.7 and 3.2.8) were used for the evaluation of the AW F ventilation C02
data. Th e supernatant OH- ion concentrations for the two 24 1-AY Farm tanks are shown in
Table 4-3 (TW INS 2007). The supernatant 0 1r ion concentration for both tanks is low during
August 2000. The waste volume and supernatant concentrations for the two 24 1-AY Farm tanks
are shown in Figures 4-11 and 4-12 (TWINS 2007).

.~ SUMMA is a registered trademark of Molectncs, Inc., Cleveland Ohio.
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Figur e 4-10 AWF Ventilation System CO zDat a.
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Ta ble 4-3 Tank 241·AY-I OI and 241-AV-I 02 Hydroxi de Data

Aw~atlon
Sample

Measured
Ca lcula ted

Location or
Tank Name to:vcnt OH- .\1olar

Level
Bcetn Date

plI
Conceut ra tlnn

Document

241-AY- IOI Core Composite I {J 9120tllJ 9.79 6.17E-05 HNf-17 IO Rev. O

241-A¥- IOI Core Composite 1119/2000 9.76 5.75E·05 HNF-1110 Rev. 0

24 1-AY-101 Core Compos ite 1/1912000 9.' 2.51E-05 HNF-171O Rev. a

24 1-AY· 101 Core Composite 1/28/2000 9.76 5.75E-05 HNF-17l0 Rev. a

24 1-AY· 101 Core Composite 112812000 9.75 5.62E-05 IINF-I 7l0 Rev. 0

241-AY-101 Core Co mposite II2XI2000 9.76 5.75E-05 HNF-171O Rev. a

241-AY-I 02 Grab Sample II n 912000 12.07 0.012 n 1-0I00790 Reissue

241-AY·10 2 Gmb Semple 1112912000 12.07 0.012 FH-O lOO790 Reissue

24 l-AY-102 Grab Sample 11/2912000 12.06 U.01 I FH-Ol00790 Reissue

241-AY-102 Grab Sample 11129/2000 12.13 0.013 F11-0 1OO790 Reissue

241-AY-102 Grab Sample 11/2912000 12.12 0.0 13 FH-Ol00790 Reissue

241-AY-102 Grab Sample 11/29/2000 12.08 0.012 FII-Ol00790 Reissue

241-AY- I02 Grab Sample 11 /29/2000 12.07 0.012 FH-O lOO790 Reissue
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Figure 4-11 Tank 241 AY 101 Hydroxide Oala. . .
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4.3.4.2 A\VF Venlilation Carbo n Dioxide Evalu ation

The vapor space C0 2concentration was predicted for each of the AWF tanks using the
mechanistic depletion model. The vapor space CO2 concentra tion is high for Tanks 241-AY-101
and 241-AY-102 because of the low supernatant OH' ion concentrations. The vapor space CO2
concentrations are much lower for Tanks 24 1-AZ-102 and 24 1-AZ-I02. How ever, 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.

fiigun: 4-13 A Wt' venutauon l'l"edicted CO ! Ce ncentrancn.
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4.3.5 Tank 241-SY-101

The measured Tank 24 1-SY-101 vapor space C~ concentra tion during April 1993 is shown in
Figure 4· 14 (TWINS 2007). The average measured COz 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 24 1-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. based upon the waste level and
the elevation of the 19th 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 poros ity 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 C02data for
Tank 241-SY-101. This same value is then USl.'<1 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 0 18
thennocouplc tree. TItUS the supernatant/va por space temperature difference for
Tank 241 -SY-103 (Section 4.3 .7) is used. The two tank s have about the same heat load and the
ventilation Ilow rates and supernatant temperatures are about the same. A value of2 OF is used .
The predicted vapor space CO2 concentration is nut sensitive to this value since the mass tran sfer
is limited by the crust.

Figure 4-14 Ta nk 241-SY~101 Vapur Span~ COl Data.
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Figure 4· 15 Tank 141~SY~101 Hydroxide Data.
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Table 44 Tank 241·SY-10 I Mell!>url"d Hydreaid e Ceneentratlons,

Sample
Mt'IlSIJrt' A\'t'rilll.t' Sa mp linK

Tflnk Nflmt
Agg rt'galion [vcnt

d vefue Mo larity vefue DOfUITKmt Lecatloa Event
Level BegIn

(JlglmL) on Name
Olli t

241.SY. I0 1 Grab Semele 413/00 26300 1.55 HXF-1702 Rev. 0 ISY-()()..2
241.SY_JOJ Gra b Sllm n!l, 41] /00 22000 I.2Q H:'.""F-1702 Rcv_0 I S 'r' -OO I

24\-S Y· 101 Grab Sa mple 413/00 25800 1.52 IIM '· \702 Rev. 0 ISY-OO-2
241·SY· 101 Grab Semele 4/3/00 21700 1.211 Hr-.: F-1702 Re\! , 0 ISY-OO· l
241·SY· 10 \ Grub Semele 4/6,100 21200 1.60

1.55
m."F-1702 Rev , 0 \ SY-OO-3

241·S Y· 10 1 Grub Sumole 4/6.'00 28600 1.68 HNF-1702 RC\I. 0 ISY-OO-5
241-SY-101 Grab Sample 4/tiiOO 28200 1M HNF· 1702 Rev. 0 ISY-OO-4
241-SY- 101 Grab Samole 4/6.'00 21500 1.62 HNF-1702 Rev. 0 ISY-OO-3
241_SY. lOl Grab Samnle 4/6/00 28000 1.65 HNF·1702 RLOV. 0 ISY-OO-5
24\-SY-IOI Grab s~c 4/6/00 28000 1.65 IINP-l702 RC\I. 0 ISY-OO-4

Figure 4-16 Ta nk 241-8Y·IO I Temperature Frome.
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The predicted vapor space C0 2 concent ration for Tank 24 1-SY·101 dur ing April 1993 is
compared with the average measured data in Figure 4-17. The predicted and measured vapor
space C0 2 concentrations are in good agreement using the empirical value fOT the crust porosity.
The mass transfer of 011' ion from the bulk supernatant is limited by molecular diffusion through
the surface crust. 'Ib is results in a high vapor space CO2 concentration. Good results arc
obtained for other tanks with surface crusts without changing the empirical value for the crust
porosity chosen for Tank 241-SY-1 01. The eva luation ofTank 241-SY· 10 1 is used to develop
the empirical crust model. The results are not included in the benchmark summary provided in
Section 4.3 .23.
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t 'ljiture 4-17 PredJc:led T nnk 24100SY-lOl Vapor Space COl Concentration.
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4.3.6 Tank 241-SY-I02

_~"' 1I}1 CoIc.... tIOn

I · · · · ·--~I

"' 7193 4illl1l3

The measured Tank 241-SY-102 vapor space COz 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 199R. The average measured
COz concentration for the first period is 297 ppm while the average data for the second period is
122 ppm. The supernatant OK ion concentration is shown in Figure 4-19 and Table 4-5. The
supernatant OH- ion concentration is 0.074M for the first port ion of the data shown in
Figure 4-1 & ami 0.1 8 M during the second portion of the C02measurements.

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 arc shown in Figure 4-21
(TWINS 2007). The average supernatant/vapor space temperature difference for the first
evaluation period is small, less than I of . A value of 0.1 °F is used for the evaluation. The
vapor space temperature (TC 17) exceeds the supcmatant temperature (Te l l ) for some of the
fi rst evaluation period. The average supernatant/vapor space temperature difference increased
significantly during the second evaluation period. The vapor space CO2 data were measured
near the transition into the larger temperature differences. The temperature difference for the
second period at the time of the CO2 measurements is assumed to be at least 1 °F.
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Figure 4-18 Tank 241·SY-I 02 Vapor Space COr Ilita.
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Table 4-5 Tank 241-SY-I02 Measured Hydroxide Ceaeentrenons,

- Sairtple'
MeatI~ Avenae Slim))lIq.. "W"a0tlon ~,Tank Name' Value MoIorIty Volu. Uoeument Location .&....Lovel JIeIIa (Pg/mLl ClI1l Name-bite

241-SY-102 Grab Samole 3/10/98 1170 0.069 HNF-SD-WM-DP-307, Rev. 0 2SY-98-4
241-SY-102 Grab Semele 3/10198 1080 0.063 HNF-SD-WM-DP-307 Rev. 0 2SY-98-2

241-SY-102 Grab Samole 3/10/98 1650 0.097 HNF-SD-WM-DP-307, Rt:V. 0 2SY-98-1

241-SY-102 Grab Sample 3/10/98 1180 0.069 0.074 HNF-SD-WM-DP-307 Rev. 0 2SY·98-3

241-SY-102 Grab Sample 3/10/98 1160 0.068 HNF.SD.WM.DP.307, Rev. 0 2SY-98-4

241-SY-102 Grab Sarnole 3/10/98 1080 0.063 HNP-SD-WM-DP-307, Rev. 0 2SY-98-2

241-SY-102 Grab Sample 3/[0198 1590 0.093 HNP-SD-WM-DP-307, Rev. 0 2SY-98-1

241·SY·102 Grab Sample 3/10/98 1180 0.069 UNP-SD-\VM-DP-307, Rev, 0 2SY-98-3

241-SY-102 Grab Samnle 9/22/98 4830 0.284 IINF-1658 Rev. 0 2S¥-98-S
241-SY-102 Grab Sample 9122/lJM 2960 0.174 HNf-1658 Rev. 0 2SY-98-8

241-SY-102 Grab Samote 9/22/98 2300 0.135 HNF-1658 Rev. 0 2SY-98·6
241-SY-102 Grab Samole 9/22/98 2600 0.153

0.182 HNF-1658 Rev. 0 2SY-98-7

24[-S¥-[02 Grab Sample 9/22198 4340 0.255 HNF-1658 Rev. 0 2SY-98-5
241-SY-102 Grab Semele 9/22/98 2790 0.164 HNF-1658 Rev. 0 2SY-98-8

241-SY-102 Grab Sample 9122/9X 2430 0.143 HNF-1658 Rev. 0 2SY-98-6
241-SY-102 Grab Sample 9/22/98 2500 0.147 HNF-1658 Rev. 0 2SY-98-7

241-SY-102 Grab Semele 4/11/00 10400- 0.61 HNF-1705 Rev. 0 2SY-OO-6

241-SY-I02 Grab Samnlc 4111/00 10800 0.63 HNF-1705 Rev. 0 2SY-00-6
241-SY-102 Grab Sample 4/11/00 20100 1.18 IINF-1705 Rev. 0 2SY-00-7

241-SY-102 Grab Samnle 4111/00 21100 1.24 HNF-1705 Rev. 0 2SY-00-7
241-SY-102 Grab Sample 4/11/00 20300 1.19 IINF-1705 Rev. 0 2SY-00-8

241-SY-102 Grab Sample 411l!lJlJ 2180Q- 1.28 HNF-1705 Rev. 0 2SY-00-8

241-SY-102 Grab Samnle 4111/00 13800 0.81 HNF-1705 Rev. 0 2SY-00-9
241-SY-102 Grab Semele 4111/00 13500 0.79

1.17
HNF-1705 Rev. 0 2SY-OO-9

241·SY·I02 Grab Sample 4111/00 23500 1.38 HNF-1705 Rev. 0 2SY-00-9
241·SY-102 Grab Semele 4111/00 23100 1.36 HNF-1705 Rev. 0 2SY-00-9
241-SY-102 Grab Sample 4111100 24300 1.43 HNF-1705 Rev. 0 2SY-OO-9
24[-SY-102 Grab Sample 4/11/00 23500 1.38 HNF-I705 Rev. 0 2SY-OO-9
241-SY-102 Grab Samnle 4111/00 24900 1.46 HNF-1705 Rev. 0 2SY-00-IO
241-SY-102 Grab Sample 4111/00 24300 1.43 HNF-1705 Rev. 0 2SY-00-1O
241-SY-102 Grab Sanmle 4/11/00 15500 0.91 HNF-170S Rev. 0 2S¥-00-[0
241-SY-l02 Grab Sample 4/11/00 [6000 0.94 HNF-1705 Rev. 0 2SY-OO-IO
24I-SY-102 Grab Sanm1e 4111/00 2590lJ 1.52 HNF-1705 Rev. 0 2SY-00-1O
241-SY·I02 Grab Sample 4111/00 26000 1.53 IINF-1705 Rev. 0 2SY-00-IO
241-SY-102 Grab Samule 1013100 13500 0.79 HNF---6051 Rev. 0 2SY-Ol-1
241-SY-102 Grab Samnle 10/3/00 13600 0.80 HNF..{i051 Rev. 0 2S¥-0[-[
241-SY-I02 Grab Sample 10/3/00 19500 US

1.06
IINF-6051 Rev. 0 2SY-01-2

241-SY-102 Grab Samnle 1013100 20200 1.l9 HNF-6051 Rev. 0 2SY-0l-2
24[-S¥-102 Grab Sample 10/3/00 20700 1.22 HNF-6051 Rev. 0 2S¥-0[-3
241-SY-102 Grab Sample 10/3/00 20800 1.22 HNF-6051 Rev. 0 2SY-01-3
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I<'i~ure 4-20 Ta nk 241-8\'·102 Temperature Profile .
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Figure 4-2 L Tllnk 241-S\'-102 Superna tan t and VltPOI" Space Temperatures.
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The predi cted vapor space C(~ concentration tor Tank 24 1-SY- 102 for the two evaluat ion
periods is shown in Figure 4-22. Th ere is good agreement with the predicted and measured
vapor space C0 2concentra tion for both eva luation periods. The vapor space CO2 concentration
is higher during the first period becau se the C02mass transfer is limited by the small
supernatant/vapor space temperature di fference and the low OH - ion concentration, which crea tes
buffering of the OH"ion. T he vapor space C0:2 concentration tor the second period decreases
due to higher CO2 absorption resulting from the grea ter supernatant/vapor space temperature
difference and higher superna tant OH- ion co ncentration.
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Predicted Tank 241-SY·I0lVapor Space COJ Concentration.
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43.7 Ta nk 241-SY-I 03

The measured Tank 24 1-SY-103 vapor space C02 concentration made from September 1994 to
August 1999 are shown in Figure 4·23 (TW INS 2007). A few data with values over 400 ppm
were considered unreali stic 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 C0 2measurement s.

The vapor space C0:2 concentrations in 1994 are similar to the measurements in 1998. However,
the measurements of vapor space CO2 concentration in 1995 and 1996 arc significantly lower.
Figures 4-25 and 4-26 show the waste temperature profile and the supernatant and vapor space
temperatures (TW INS 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 occur by diffusion only. The crust
thickness is appro ximately 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 CO2 data for Tank 241-SY-101. Core sample data
indicate the presence of so lids 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-I03 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 vent ilation flows rate of either the primary or secondary system, or both.
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Table 4-6 Tank 241-SV- I 03 M easured H ydroxide C u ncent r e tlcn e.

Sa ll1ple
I\huurM AvtruJl:c Sampliog

Tank Name
Aggr~atlon ["ellt

Value Molarity Value Document Locancn t:V('Dt
Segm ent

Level Begin
(~iVmL) lM) Nllllle

Name
Da te

241· SY·10 3
Drainable 811 9/94 zssoo 1.70

WIIG-SIl-WM-Il P-lJ74,
62 8

Liquid I.n Rev. 0

24 [·SY· I03
r>raillllbh.:

lI/19/'94 29600 1.74
WHC-SD-WM-DP-074.

62 8
Liuuid Rt:v.O

24 1-SY- IU3
lJ L Core

317100 30700 I.l! U HNl'·7430 RC' v.O
Composite
m . Core 1.1<.

241-SY· l03
C'..omJltl~ Itc

J17iOfl 31600 1.86 HNF-7430 Rcv.O

241·SY·103
DLCore

J l7lOO 32500 1.91 Hl><f·N30 Rev.O
Comoosite

Fil:urt' 4-25 Tan k 241-SY· 103 Tempe ra ture Profile.
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fieurt' 4-26 Tank 241-SY-I03 Supt'rnalanl and VlplOr Span' Temperatures,

Hgure 4-27 Prt'dicled Ta nk 241-5Y-103 Vapor Sp ace C(lt Cnnceetreuc n.
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The mechanistic depletion model is used 10 predict the vapor space C~ concentration. Two
analyses cases were performed. The first analysis (case 1) assumed a nonn al primary ventilation
flow rate of approximately 330 cfm. This analysis applies to the measured 1998 and 1999
C~ data shown in Figure 4-23. A second ana lysis (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 C02
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 CO2 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 OR" ion mass
transfer from the bulk supernatant, which reduces the absorption of CO 2 from the ventilation air.
The COz absorption is limited by the liquid 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 COl concentration observed in the data. A reduction of 66% provides
good agreement with the data. The CO2 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 C02 concentration in
1995 and 1996, but has not been confmned from ventilation system records. Apparent GREs
during this period may offer an explanation for a reduced inlet flow rate and low C02
concentration.

The second analysis was parametric in nature, performed to understand the CO2 concentration
data. The results arc not included in the benchmark summary provided in Section 4.3.23.

4.3.8 241-SY Farm Ventilation System Carbon Dioxide [valuation

The measured C02 concentration in the 241-SY Fann primary ventilation system for
August 30, 2000, is shown in Figure 4-28. The C02 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 2 concentration.

Figurc4-29 shows the Tank 241-SY-10l waste temperature for August 30, 2000 (TWINS 2007).
Waste was transferred out ofTank 241-SY-I01 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 pcrfonncd without a crust and a vapor space/supernatant temperature difference
less than 1°F. The OR· ion concentration for this period are shown in Table 4-4.

Figure 4·30 shows the Tank 241-SY-I02 waste temperature profile for August 30, 2000
(TWINS 2007). There is a 2.5 OF 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-SY-103 case I analyses presented in Section 4.3.7 were used for the 241-SY Farm
ventilation analyses. The tankconditions in August 1999 and August 2000 are expected to be
similar. The OR- ion concentration for this period is shown in Table 4-6.
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FI~urf' 4·18 241·SY Farm Vt'nlila tioll COJ Cont't' lIlratloli.----,
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Results of the mechanistic model evaluation of the 241-SY Farm ventilation system C~ data are
shown in figure 4-28. The predicted ventilation air C~ concentration of ncar 200 ppm agrees
well with the average data.

Fi~ urf' 4·2 9 Tank 241-SY-IOI Augu\t 3D, 2000, Wutc Te mperature Prnflle.
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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 C02 concentrations and waste level are shown in
Figure 4-31 (TWINS 2007). If the measured C02 concentrations reported were less than the
detection limit, the detection limit value was used. The vapor space CCh 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 CO2 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 also 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 flow control station
was installed is 229 cfm. Prior to 1996 the inlet flow occurred through 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 one of the farthest tanks from the ventilation system exhausters and should
have had a flow less than the average. The average flow rate per tank with the flow control
station (Table 4-7) is 160 cfin. Prior tc 1996 the Tank 241-AW-101 flow should have been less
than 160 efm. For these reasons, the flow control station now tor Tank 241-AW-10 I after 1996
could be more than double the inlet flow rate prior to 1996.
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l"l~ure 4-31 Tank 241-AW-10l Measu red Vallllr Space COzConecutratteus

Table 4-7 241·A W Far m Primary Ventil ation Flow Katel!.

Flow
Control

Total Flow (cfm)
Station

Flow 'elm'
AW 101 125 229
AW102 70 174
AW 103 35 139
AW104 35 139
AW 105 35 139
AW106 35 139

Total Flow :~fnt~~ 335Station Flow ctm
Total Farm Flow efm 960
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The supernatant OK ion concentration is shown in Figure 4 -32 and Table 4-8 (TWI NS 200 7) .
The OH- ion concentration is nearly 6,0 M, The August 31, 1998, waste temperature profile for
Tank 24 1-AW-10 1 is show n in Figure 4-33 ('I·WINS 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. Ma ss transfer throu gh the crust is
assum ed to be by diffu sion on ly.

Figure 4-34 show s the Tank 24 1-A\V- I01 supernatant an d vapor space temp eratu res
(TWINS 2007). The average temperature difference exceeds 10 of. Thi s is a consequence ofthe
thick surface crust which Figure 4-33 shows is at least 30 in thick based upon. the temperature
gradien t near the waste surface . The mas s transfer through the crust is modeled with a crust
thickness and porosity. Ma ss transfer is assumed to occur by diffu sion only. An empirica l value
of 0.02 for the porosity was determined from the evaluation of Tank 241-SY- 10 1, Section 4.3.5.
This value provides reasonable agreement wit h the C02data for Tank 24 1-SY-10 1. Thi s same
value is then used for all tanks with a surface crust except for Tank 24 1-SY-103 discussed in
Sect ion 4.3.7. Thi s empirica l approach provides a reasonable predict ion of the OH- ion depletion
rate for the limited number of tanks with surface crus t.

Figure4-32 Tank 241-AW- IOI Superna tant Hydroxide Data .
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T able 4-8 Tank 241-AW-IOI Mea sured Hydroxide Ce ucenteeuens.

Aggregation Sample Yfca!Urcd Ave rage
DocumentTank Name Analysis

(~;~u~)
Molarity V~\~.Level nate me I.ocation

24 1-AW· 101
Supe rnate

4/21/99 94300 5.55 H:-.lF-1652 Rev. 0
Comcositc

24 1-AW-101
Supernate

4/2 1/99 9430U 5.55 5.59 HNF-1652 Rcv. OCo~nosite

24 1-AW- lOI
Superna te

4/2 1/99 96300 5.66 IINF -1652 Rev. 0
CQ~OSile

Figure 4-33 Tuk 241-AW-IOI August 3 1. 1998, Waste Tempera ture Profil e.
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Ftgure 4-34 Ta llk 241-AW-IOI Vapor Spaee aud Supernatallt Te mpe r-atures.
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Two cases are ana lyzed using the mechanistic depleti on model. The first applies to the
ventilation system operat ion after the instal lation of the flow control station. The venti lation
flow rate shown in Table 4-7 was used for the ana lyses. 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 a....sess the
effect of reduced ventilation flow. The results of the mechanistic model analyses arc shown in
Figure 4-35 . There is good agreement between the measured and predicted vapor space
CO 2 concentration for the data measured after late 1996. This app lies to the current ventilation
system configuration. This should be representative of the cu rrent tank conditions. The second
analyses , wh ich used the reduce ventilati on system flow, is somewhat lower than the case 1
ana lyses but signifi cantly 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 wou ld result in even lower predicted vapor space CO2 concentrations. TI1US, differences
in ventilation flow provide a possible explanation for the differences in vapor space C02
concentrations shown in Figure 4-35. The second analysis is parametric in natu re, performed to
better understand the vapor space C~ concentration data. The results are not included in the
benchmark summary provided in Section 4.3.23.
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Ftgure 4-35 Tank 241~A \ \-'· 101 Predleeed and Measured Vapor Space CU! Concentrancns.

I I

3111,.. QIZlI90I 4111/95 11)12llJ95 5J1S'9l! 1211196 el l 1l.'ll1 1/5Ill8 7I2<l19!l

4.3.10 241-.\W Farm Ventilatiun System Carbon Diuxide Eval uation

The measu red 24 1-AW Farm venti lation sys tem CO2 concentrat ions arc shown in Figure 4-36
(TV/INS 2007). The average measured data is ncar 250 ppm. The mechanist ic depletion model
was used to evaluate the vapor space C02concentrations for all the 241-AW Farm tanks. The
ventilation flow weighted average of all the tanks is compared with the measured ventilation C0 2
concentrations. Th e ventilat ion flow rates shown in Table 4-7 were used for the evaluation of
the 24 1-AW Purm C02data . Th e estimated tota l 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 COl Concentra tions.
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4.3.10.1 Tank 24t-AW-tOt

The tank co nditions and ventilation flow rates for the Tank 24 1-AW -IOI evaluation presented in
Section 4.3.9 atter the flow control station was installed are applicab le to the evaluation of the
24 1-AW Farm ventilation CO2 concentrations and are used for that purpose.

4.3.10.2 Tank 241-A W-I02

The Tank 24 1-AW- 102 waste level is shown in Figure 4-37 (TWINS 2007). In December 1999
waste was transferred from Tan k 24 1-AP-I07 into Tank 24 1-AW-102. The Tank 24 1-AW- I02
superna tant 01 r inn concentration a fter this transfer is essentially the Tank 24 1-AP-I07 value
prior to the transfer. The Tank 24 1-AW-t02 supernatant OH - inn co ncentration prior to the
Tank 241-AP-107 waste transfer is over 0.4 M (TWINS 2007). The Tank 241-AP-107
supernatant OK 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-I02 waere Volum e and Supernatant Hydruxide Data.
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Table 4-9 Tanks 241·AW- I0 2 and 24 1-AP- I07 Mell ~utl-d Hydruxlde Ccscentratluns.

Sample
Measured Average

Tank Name
Aggregalion Event

Value Mulllrity Value
Document Sampling

Leve l IJegln
(.glmLj (M)

Lncatlon Event Name
Date

241·AW·102 Grab Sample 1127/99 7630 0.449 IINF· 1665 Rev. 0 2AW·99--4C-T
241·;\W- I02 Grab Sample 1127/99 7360 0.433 HNf·1665 Rev. 0 2AW-99-3C-T
241-AW- I02 Grah Sample 1127(91) 7300 0.429 HNF-1665 Rev. 0 2AW-99-2C-T

0.438
241-AW-102 Grab Sample 1127/99 7760 0.456 HNF-1665 Rev. 0 lAW-99--4C-T

241·AW·102 Grab Sample 1i27/99 7360 0.433 IINF-1665 Rev. 0 2AW-99-JC-T

241·AW-102 Grab Sample 1i27/99 7300 0.429 HNfi-1665 Rev. 0 2AW-99-2C-T
24 1-AP- I07 Grab Sample 8/30/99 9970 0.586 IINF-1689 Rev. 0 7AP-QO-3C
24 1-AP- I07 Grab Sample &/30/99 9770 0.575

0.569
HNF-1689 Rev. 0 7AP-QO-2C

24 1-AP-I07 Grab Sample Xi3n/1)1) 9430 0.555 HNF-1689 Rev. 0 7AP-QO-4C
24 1-AP-107 Grab Samph:: 8130/99 9500 0.559 IINF-1689 Rev. 0 7AP..QO-3C

The Tank 24 1-AW-I 02 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 24 l-AW Farm ventilation system CO2 measurements shown in Figure 4-36. The Lank
heat load was also very low result ing in low tank temperatures (near ambient conditions) and
small temp erature differences benveen the supernatant and vapor space. The supernatant and
vapor space tempera tures are shown in Figure 4-39. The tem perature difference is less than I DF
during abo ut 40% of the period of the C02 ventilation measurements. It is less the 0.1 OF about
20% of the time. A value of 1.0 DF was used for the evaluation to represent the whole period.

Figure 4-38 Tank 241-AW-102 Wast e Temperature Profiles..
.~ I000 i

'" {...•, ..
j0= _1l121!Dll

0 ,~

.e

f
_1l121!Dll Waste~

~ soc - 1- - .- liIl .(JOO

1 • • • • Il!HlOOWast. l.JNoI
W •,~

I
' 00 ( -

eo

, ..... ";
eo eo "

75

" " to I



'l'ag~ 87 o f 4 4 0 o f DA06023333

RPP-26676 Rev I
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The predicted Tank 241-AW-l02 vapor space CO:z concentration is 70 ppm.

4.3.10.3 Tank 241·AW·1 03

The Tank 241 -AW-I03 waste volume and supernatant OH- ion concentration are shown in
Figure 4-40 (TWINS 2007). The OH- ion concentration data are shown in Tahle4- IO
(TWINS 2(07). The supernatant OH- ion concentration during the period of the 241-AW Farrn
ventilation system C02 measurements is 0.57 ~ .
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Figure 4-40 Tank 241·,1\W 103 weste vclume 1I11d Supernatant Hydroxide Oata _
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T.bJ~ ....10 Tuk 241.A\\-'. 111) M t1l\u l"ft! lI yd r o Jid f' Cu nceetrauons.

Agl:r~lfion Sa mplf'
~1f'lUured Average

Doo.um t>11 SampUag bealTank NalM Vl lue MoIaril)' Valae
Le,"'f'I Dal e

UaiVmL) lW
l.oc:allon "' a rne

241-AW· 1U3 Core Corn lJOl"i lc 9:3..99 98SO 0.579 HNP· ltHl REV. 0 C265:CcntLiquit.ll

241·AW- I03 Core Composile 9'3.'99 97'10 0.516 HNF- Itjql REV. 0 C265:CmtLiquid 2
241·AW·I OJ Cun: CUlIlpuloile 9.'3.'99 9990 0.'&8 IlNf-Ib9 1 Kl::V . U C26J; :CentLiqu id 3

0.561>
241·AW.1 03 Core Composite 9/&YJ 94SO 0.550 HNF· ltjq l RF.V. 0 C261:CerIlLiquid I

241·AW· IOJ Co re COlnpol'ilC 9/&'99 9310 0 .548 HNF·1691 REV. 0 C261 .U:ntLiquit.l2

24 1·AW· IOJ Core Compol'ilC 9/&'99 9310 0.548 HNF.1691 RF.V. 0 C261:Cen'Liquid 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 tempera ture difference is small and the vapor
space temperature exceeds the supernatant temperature during the summer months. Since two of
the three CCh concentration measurements shown in Figure 4-36 were measured in the summer
months, a value of -0.1 of was used for the evaluation.

l"lgure ....4 1 Tan k 241 ·AW -I03 August JI. 1999 , Wantf' Temperature P rofile•....... -..
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I<'i~ure 442 T ank 24t-A \'V-t03 Supernatant and Vapor Spa~e Temperatures,
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The Tank 241 -AW-l 03 vapor space CO2 concentration predicted by the mechan istic depletion
model was 239 ppm,

4.3.10.4 Tank 241-AW-I04

The Tank 241-AW-104 waste volume and supernatant OH- ion concentration are shown in
Figure 443 (TWINS 2007). The measured OH· ion data is shown in Table 4-11 (TWINS 2007).
From the dat a, there is evidence ofwaste layering, with an upper dilute supernatant layer and
layers of increasing OH- ion concentration deeper in the tank . The OR 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-I04 Waste Volume a nd Supe rnatant Hydr oxide Data .

Table 4-11 Tan k 241·AW- 104 Measured Hydruxlde Cuncentraf ions,

Sample
Measured Average Sampli ng

Aggregat ion Event Documen t
Tank Name

Leve l Begln
Va lue Molari ty Value

Location
Even t

Dale
(IJ JtI'm L) <Ml :Same

24 \ ·AW-!04 Grab Sample 7/ 13/99 1130 0.066 HNF- 1677. Rev.a 4AW-99-1

241-A W-104 Grab Sample 7/13/99 1120 0.066 H."'IF· 1677, Rev.O 4AW -99-1
24 1·AW-!04 Gr ab Sample 7113/99 1140 0.067

O.OhR
I[~-1 677 . Rt:v.O 4AW-99-2

241-A\V-104 Grab Sample 7/13/99 1180 0.069 IrNF-1677, Rev.O 4AW-99-1
141·AW· \0 4 Grab Sample 7113/99 1130 0.066 I-L."IF-1677. Rev.O 4AW-99-3

241·AW·104 Grab Sample 7/13/99 1210 0.07 1 HNF-1677, Rev.O 4AW-99-3

241-A\V-I04 Grab Sample 7/ 13iQQ 2380 0.140 N/A HNF- 1677, Rcv.O 4AW-99-4

241 -AW - 104 Grab Sample 1/ 13/99 2380 0.140 NIA IINF·1 677. Rev.O 4AW-99 4

241 -A\V -104 Grab Sample 7/13/99 11700 0.688 Ni A HNF. 1677. Rev.O 4AW-9 9-,5

24 1-AW- 104 Grab Sample 7/ B iQ9 12 100 n.71 2 NIA HNF- 1677. Rev.O 4AW· 99·,5

The waste temperature profi le is shown in Figure 4-44 (TWINS 2007). The supernatant and
vapor space temperatures arc shown in Figure 4-45 r l'WlNS 2007). <111e vapor space
temperatu re exceeds the supernatant temperature in the summer and early fall . However, for
mosl of the year the supernatant temperature exceeds the vapor space temperature by I to 2 OF.
A value of 1.5 OF is used for the evaluation.
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ngure 4-45 'I'auk Z41-·\ W-I04 Supernatant and Vapor Space Temperatures.

The predicted Tank 241-AW- I04 vapor space C0 2concentration is 140 ppm,

43 .10.5 Tank 241-AW-105

The Tank 24 1-AW-105 waste volume and supernatant OH- ion concentration arc shown in
Figure 4-46 (TWINS 2007). The supernatant 011' data are given in Table 4-12 (TWINS 2007).
The supernatant OH' ion concentration is 0_25 \.1.
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Figu r e 4-46 Tank 241-l\W-IO~ w aste Volume lind Sup em ate nr Hydrusjde Data.

Table 4-12 Tank 241· AW-ltIS Meuured lI ydrnxicle Coneenera tie ns.

Sample
Measured Sample

Tank Name
Aggregation [vent

"Hille Molarit)'
Document

EYeDt
Segment

Level Ucgln
(p.elm),)

Locndon
Namt'

Name
Date

24 1-AW-105
Drainable

9/3/0 1 4290 0.25 FII-Q106496
Core

Iliquid 295

II
Figure 4-47 Tank 241-AW_IOS w aste Temperature Profile,
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Figure 4-4R Tank 241-A",-105 Supernatallt alld 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 temp eratures are shown in Figure 4-48 (TWINS 2007). The
supernatant temp erature is low and the supernatant/vapor space temperature d ifference is small.
For mueh of the year the vapor spaee temperature exceeds the supernatant temper ature. A
temperature difference of -0 .1 of was used for the eva luation.

The Tank 241-AW-105 vapor space COl concentration predicted by the mechan istic depletion
model is 239 ppm.

4.3.10.6 T ank 241-AW-I06

The Tank 241-AW-I06 was te volume and supernatant OH- ion concent ration are shown in
fi gure 4-49 (TWINS 2007). The orr ion da ta are given in Table 4-13 (TWINS 2007) .
Tank 24 1~AW~102 waste was concentrated at 242~A Evaporator and transferred into
Tank 24 1-AW-106 before the June 14, 2000 . 241 ~AW Farm ventilation system CO2
measurement shown in Figure 4~36 . Table 4·9 shows that th e Tank 24 1-AW- 102 supernatant
OH' ion concentration before waste volume reduction was near the Tank 241-AW~ I06
supernatant Ol!" 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 evalua tion.
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Figure 4-49 Tltuk 14 1-AW-106 w aste vulume and Seperuatant Hydrusfde Dllb ._. -_.
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T able 4--13 T lIDk 141·AW·106 Me asured Hydroxide Concentrations.

Sample
Measured Average Sampling

A~RreRlldon Event
Tan k Name

Level Begin
Va lue l\Io la rlt~i Va lue Documen t Localion Event

Date
(~g1mL) Q!) Name

24 1·AW· I06 Grab Sample 1/12/9 11 11690 0.5 \\
HNF·SD·WM-DP-303,

6AW·97·4
Rev. 0

241·AW· I06 Grab Sample 1/12198 9990 0.588
HNF-SD-WM.D P·3C13,

6AW·97 ·4
Rev. 0

24 1·AW·106 Grab Sample 1/12/98 10400 0.612
IINF·SD-WM·Or ·303.

6AW-97·5
Rev. a

0.576
IINP-SD-WM-DP-303.

24 1-AW· 106 Grab Sample 111 2/98 10200 0.600
Re v. a 6AW-97 ·5

24 1· AW· I06 Grab Sample 111 2/98 9710 0.57 1
HNF-SU-WM-UP-303.

6AW-97-6
Rev . a

24 1·AW- I06 Grab Sample 11 12/98 9780 0.575
HNF·SD·WM·DP· 303.

61\W-97·6
Rev. 0
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Figure 4-50 Ta nk 241-A\"'- 106 waste Temperature Profile,
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The waste temperature profiles for the three 241-AW Fann ventilation system CO2 measurement
dates show n 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 O. J of is used for the
evaluation .

TI1Cvapor space CO2 concentration predicted by the mechanistic depletion model is 109 ppm.

4.3.10.7 241-AW Farm Ventilation Sys tem Resu lts

The predicted 241-AW Fann tank: vapor space CO2 concentrations discussed in the previous
sections are averaged using the Table 4-7 tank venti lation flow rates as weighting factors . The
predicted and measured vent ilation C0 2concentration are shown in Figure 4-51 . There is good
agreemen t between the predicted and measured values. This demonstrates that the vapor space
CO2 concentrations for all the 24 1-AW Fann tanks are well predicted by the mechanistic
depletion model.
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Figure 4431 241·Aw Farm Predi cted and Measured ventuatton COl Concentration.
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4.3 .11 Tank 24t-AN-tOt

The Tank 24 1-AN-101 vapor space Ca:, data are shown ill Figure 4-52 (TWIN S 20( 7). The
average C02 concentrations in March and April 1998 arc ncar 50 ppm. The average CO2

concentration starting in June 1998 is much higher, 290 ppm. An evaluation is performed for the
vapor space C~ for both measurement perio ds.

The waste volume and supernatant OH- ion concentration arc shown in Figure 4-53
(TWINS 2007). The OH' ion data arc given in Table 4-15 (TW INS 2007), From the data, there
is evidence of waste layerin g, with an upper dilute supernatant layer and layers of increasing OK
ion concen tration deeper in the tank. The OIT ion concentration of the supernatant layer expos ed
to the tank vapor space during the measurement period shown in Figure 4·52 is 0.38 M. The
Tank 241-AN-101waste vo lume is small, only about 160 in. of waste.

Table 4-14 summarizes the individual tank ventilation nnw rates for the 24 1·AN Farm. The
241-AN Farm tanks have individual flow control stations, which maintain cons tant inlet filtered
flow rates. The flow control station configurations are shown in Tab le 4-14 with the associated
installation Engineering Change Notice (ECl\i') number and date . The estimated average total
24 1-AN Farm ventilation flow is ncar 764 cfrn, RPp·717 1. The difference between the total
flow rate and the total flow control station flow rates is the unfiltered in-leakage. The lower
porti on of Table 4-14 gives the estimated tank total flow rates. The total in-leakage flow is
proportioned equall y to the individual tanks.

85



sese 91 of' 4 4 0 of' OA0 6 0::< 3333

RPP-26676 Rev I

Ta ble 4-14 24t -AN Farm Tank Ventilation Flow Rates.

Ta nk Flow Control Station Ventilation now (cfm) Total
Flow A..'erage

F.CN ECN Co ntrol Total
Numhe r nate ANtOl A."HOZ ANtOJ A.~I04 ANtOS ANt06 ANt07 Station Flow

now (dm)
(dmJ

7102411 5/6/ 1999 60 60 100 100 100 60 60 540 764
661 166 8/3 112000 60 60 ' 0 60 60 60 60 420 764
6664 12 5n12001 60 60 60 60 60 60 90 450 764
666600 6/2 712001 60 90 60 60 60 60 60 450 764

Kstlmated Total Tank Ventil at ion . 'Iow cfm
ECN A,'lIOt A.'ilUZ ANlU3 A.'lt04 ANlOS ANlO6 ANlO7
Dale

5/611999 92 92 Il2 132 132 92 92

8/3 1/2000 109 109 109 109 109 109 109
51712001 105 105 105 105 105 105 135

6127/2001 105 135 105 lOS 105 105 lOS

Figure 4-52 Tank 241-AJIri-llIl Vapor Sp ace COz n ata.
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Figu re 4-53 Ta nk 241-A:"l- IOt\'\o'a stc Volume a nd Superna tant Hydrm:ilJe Data.
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Table 4-15 Tank Z41 -AN-IOI :\leas llred Hyd roxide Cce eentrat hm s.

Sample
Measured Average Sempttng

Tank Name
Aggregat ion Eveur

Valu e Molarity Valu e
Document

Event
l .evel Begfu

(J,lg!mL) (j!!J
Location

!"iame
Date

24 1·AN- lUl Greb Sample 4/8.'98 6:5IUJ 0.387
0.3&1

HNF- 1640 Rev, 0 IAN-98- t
241-AN- IOl Grab Sample 4/8198 6370 0.375 IlNF- I640 Rev. 0 IAN -98-1
24 1· AN- IOl Grab Sample 418/98 2f1(j OO 1.565 HNF-1640 Rev. 0 lAN-98-2
24 1-AN- IOl Grab Sample 4/8/98 26800 1.576 HNF· I640 Rev. 0 IAN-98-2
241-A.~-IO I Grab Sample 4/8198 34 100 2.006 HNF-I fi40 Rev. 0 IAN-98 -3
241-AN- IOl Grab Sample 4/8198 32100 1.888 HNF-I640 Rev. 0 lAN-98-3

The Tank 241-AN- IOI June 9, 1998, waste temperature profi le is shown in Figure 4-54
(TWINS 2007). TIle vapor space and supernatant tempera tures 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 temperatu re
difference was small but positive (supernatant temperature grea ter than the vapor space
temperature). A value of 0.04 of was used for this period. During the period corresponding to
the summe r and early fall, whe re the vapor space C0 2concentra tions arc much higher, the
supernatant/vapor space temperature difference is small and negative (vapor spaee temperature
greater than supernatant). A value of -0.0 1 OF was used for the evaluation. During this period
the mass transfer coefficien t is smaller since the mass transfer coefficient is a function of the
temperature difference.
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ngun 4-54 Tank 241-Al\-101Wast~ Te mperature Profile.
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Figure 4·~6 Tank 2·H· A..'1-101 Pred ictetlll nd M('II~urctl Vapo r Space CO, Concentra tions.
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The mechanistic depletion model is used to predict the vapor space C02 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 C~ mas.s transfer is only limited by
the ventilation air supply. Consequently, the vapor space CCh concen tration is low. During the
second period the CQ:z mass transfer rate is limited by the vapo r side mass transfer. The vapor
space COl 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-1II3

The Tank 24 1 ~AN - l 03 vapor space C02 data are shown in Figure 4-57 (TWINS 2007). The
average value is 355 ppm. The waste volume and supernatant OH"ion concentrations arc 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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I Figure 4-57 Ta nk 141·A."l·I03 V.pur Sp..ce COl Data.
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Table 4-1 6 Tuk 241-A.'I-!O] :'tle.sured H)'dro ude Ce ncee traue us,.
Sa mple

Mta~url"d AnraRe Sampling
Ta nk Name ACc rt1;Htiun Eve nl

Value ~lolHrity Value
Docu men t g vent Segmem

Lev el Begln
(p glml.) (M)

l .ncatlon
Name

DH te

24 1·AN· I03
DL Core

9/ 13/96 104000 6.11 WMH-985903 5 166
Ccmeosite

24 1-AN-103
DL Core 9!13/96 100000 5.88 \VMII-9859035 166

Comrosne

24 1-AN- I03 OlCore 9:13/96 91700 5.39 WMH-9RS9035 166
COmDOSite

241-AN-IOJ
ULeote

91 13.~6 99700 5.86
H.'IF-SO·WM·OP-

166
Composite

5.840
223, Rev, 0

24 1-AN- I03
Dl.Core

9:13/96 95600 5.62 WMH-985903.5 166
Comoo~ite

241-AS- I03
DLeore

9/13/96 108000 6.3.5 WMH-9859035 166
Comnosue

241-A.'l- I03
DL Con:

9/13/96 99000 5.82 WMH-985903S 166
Composite

24 1-AN- I03
DL Core 9/13/96 96700 5.69

IINf-SD-WM-DP-
166

Comoosite 223 . Rev. 0

24 1-AN-103
Segment

2/9/00 67300 3.96 F1 1-020 1779 274 2
Solidll

Segment
3.96

14 1·AN-I03
Solids

2'9 ;00 67)00 3.96 FH..()201779 274 2

The January I, 1998, waste temperature profile is shown in Pigure 4-59. There is a steep
tempera ture gradient near the waste surface. This is the remit or a surface crust. The
mechanistic depletion model assumes molecular diffusion through the crust region. The crust
thickness based upon the waste temperature protil e is at least 25 in. The same empirical poros ity
value for the crust which was determi ned fo r Tank 241-SY- 10 1, Section 4.3.5 , is used for the
Tank 24 J· AN- 103 surface crusts.

Figure 4-S9 T onk 241-AN· l03 J anllJlry 1, 1998. Wa sle T emper atur e Profile.
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The supernatant and vapor space temperatures are shown in Figure 4·60 (TWINS 2007). TIle
average supernatant and vapor space temperature difference is 1.8 "' F.
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The mechanistic depletion model is used to predict the vapor space CO2 concentration for
Tank 24 1-AN- I03. The CO2 mass transfer for this tank is limited by the mass transfer through
the surface crust. The predicted vapor space C0 2concentration is compared to the average
measured data in Figure 4·61 . There is g{XH..I agreement with the data.

Fi~ure 4-61 Tank 24 1 ·A~··lUJ Vapo r Space CO l Data.
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4.3.13 Tank 241-AN-I04

Tank 241-AN-I04 superna tant Oll" ion depl etion is evaluated in Section 3.2. 1. Th e analysis is
used to detcnninc the vapor space COz concentration. Th e vapor space C02 data are shown in
l'igure4-62 (TWINS 2007). Tan k 24 I-AN- I04 has a surface crust. Thi s crus t limits the OH- ion
mass transfer on the liquid side, which greatly reduces the CO:! absorption rate. As a result, the
vapor space C0 2concentration is high. The same empirical value lor the crus t porosity which
was determined for Tank 24I -SY- 10 l, Sec tion 4 .3.5, is used for the Tank 24 1-AN- l 03 surface
crusts

Figure 4-62 Tank 24 1-AN-I 04 Measured Vapor Space CO: Cencenn-athms.
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The predicted vapor space CO2 concentration based upon the mechanistic depleti on mod el
anal yses presented in Secti on 3.2.1 is show n in Figure 4-62. The predicted v apor space
C02 concentration is 342 ppm. This is in excel lent agreement with the data.

4.3.14 Tank 241-AN-1U5

Tank 241-AN -I05 supernatant OH· ion dep icti on is evalu ated in Secti on 3.2.2 . The analysis is
used to determine the vapor space CO2 concentration. The vapor space CCh data are shown in
Figure 4-63 (TWINS 2007). Tank 24 1-AN- 105 has a surface crust. Thi s crust limits the OH· ion
mass transfer on the liquid side, wh ich greatly redu ces the CO2 absorption rate. As a result, the
vapor space CO2 concentration is high . The same empirical porosity value for the crust which
was determined for Tank 24 1-SY· 101, Section 4.3.5, is used for the Tank 24 1-AN· I03 surface
crusts.
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The predicted vapor space CO2 concentration based upon the mechanistic depl etion model
analyses presented in Section 3.2.2 is shown in Figure 4-63. The predicted vapor space
CO2 concentration is 350 ppm. There is good agreement with the predicted and measured
values.

FiI;UT~ 4-63 Tank 241-AJ'Ii-I05 Ml'lISUTed VapoT Spael' COl Con(,l'ntratlons.
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4.3.15 Tank 241-AN-I06

The Tank 24 1-AN- l06 measured vapor space COz concentration for June 21, 2001, are shown in
Figure 4·64 (TWINS 2007 ). Only two measurements are available. The average vapor space
C02 concentration is near 300 ppm.

The Tank 241·A N·106 measured supernatant OH- ion concentrations arc shown in Figure 4-65
and Table 4-17 (T WINS 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-.o\N·I06 Measured Vapor Space C~ Concentraucns,
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Ftaure 4-6~ Ta nk 241-A....-106 Waste Volume and Su pernatallt Hydroxide Data.
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Tablr- 4~17 Tan k 241·.t\N·1&6Mr-a~urffi Hydroxide Ce neentratie ns.

Sa mple
.\ l euured A\'enge Samplin~

TaDk \'IOBrne
Aggregation En nt

Valu e Molnlty Vallie
Document

Eveut
Lent Br-gio

(fig/mi .) ®
Location

Name
Date

241-AN-106 (i rab Samnle 9/4rO I 3620 0.213 1-11-0106401 6AN-o I-oi
241· AN- lOn Grab Sample 9f4!O I JJIO 0.195

0.207
I-lI-oI06401 6AN-o I-o i

241-AN·I06 Grab Sample 9/4rOI 3690 0.217 FH-oI06401 6AN-o I-oi

241· AN· I06 (Irah Sample 9/4101 3470 0.204 FlJ-oI 06401 6AN-OI-ol

TIIC Tank 24 1-AN- I06 waste temperature profile is shown in Figure 4-66 (TW lNS 2007). The
waste level is very low, ncar 14 in. The supernatant temperature is less than 65 OF and the
tempera ture difference between the supernatant and vapor space is very small. A value of
0.01 OF is used for the evaluation.

The vapor space C02 concentration predicted by the mechanistic depiction model is shown in
Figure 4-64. There is agreement with the predicted vapor space COz concentration and the
minimum measured data point. The predicted vapor space C(h concentration is significantly
lower than the average measured vapor space COl concen tration. The paucity of C02presents a
challenge in making comparison of the model result with the measured data. A value of
410 ppm could have heen caused by sampling and/or analysis difficulties since the concentrati on
is considered higher than that of nominal atmospheric air.
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FiGure4-66 Tank 241~A!"I-106 JUDe 21, 2001, Waste Temperature Profile .
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4.3.16 Tank 241-AN-107

The Tank 241-AN-I07 measured vapor space CO2 concentrations from March 1998 to
April 1999 are shown in Figure 4-67 (TWINS 2007). TIle average measured value during this
period is near 300 ppm.

Figure 4-67 Tank 241-AN-107 Measured Vapor Space COj Cencentratlen.
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The measured supernatant Olf 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 CO2 mass
transfer rate.
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Fig ure 4-68 Ta nk 241-AN-I07 waste v olume lind Meas ured Hydrexfde Data.
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Table 4-18 Ta nk 241-AN·I07 Measu r ed Hydrexid c Coneenerat tons

Sample
Mf'a!olured Average

Tank Name Aggregation Event
Valu e ~fnl arlt)· value

Document Sampling
Level Begin

(pH) fM)
Location Event Name

Dal e
24 1 ~AN- l (J 7 Grub Sa;w\e 6/9/9 8 11.28 0.002

0.002
FH-OI03281 7AN-9 8-38

241-AN- I07 Grab Samp le 619/98 11.3 0.002 FH-OI0328 1 7AN-98-38
241-AN- I07 Grab Sampte 215/0 1 10.94 0.0009 f H-O103281 7AN.Q1-01
24 1 ·AN~ 107 Grab Sample 215/0 1 10.88 0.0008 0.00 11 FH-OI0328 1 7AN.Q1-06
24 1-AN- I07 Grab Sample 2/5/0 1 11.2 0.0016 FI£-0 103281 7AN-O I· l 1

The Tank 24 1-AN -l 07 January I, 1998, waste temperature profile is shown in Figure 4-69
(TWINS 2007) , The supernatant and vapor space temperatures arc shown in Figure 4-70
(TWINS 2007). The supernatant and vapor space temperature difference is approximately 5 of .
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«'lga t f 4-69 Tank 141·.\..~·I01 Waste 'rempereture Prcflle,
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The mechanistic depletion model is used to predict the Tank 24 1·AN· I07 vapor space
CO2 concentration. The predicted COl concentration of 372 ppm is compared with the average
measured value in Figure 4-71. The predicted vapor space COz concentration is higher than the
average measured data. However , both indicate high C(h concentrations which arc primarily
due to the low 011· ion concentration, resulting in CO) butTering.
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Figure 4-71 Tank 241-AN-I0 7 Predicted and Measured Vapor Spa« COj Ce neenera tion.
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4.3.17 24 I-AN Farm Ventilation System Carbon Dioxide Ev alu ation

The 241-AN Farm ventilation system C02concentration data are shown in Figure 4-72
(TWINS 2007). The venti lat ion airC~ concentrations are higher in 1999 compared to the
July 2000 measurement s. The mechanistic depletion model is used to pred ict the ventilation air
C~ concentration for the two period s, Jan uary 1999 to July 1999, and July 2000. The vapor
space CO2 concentratio n for each individual tank is predicted. Th e ventilation air
C~ concentration is then the flow weighted avera ge of the individual tank vapor space
CO2 concentrations. The ind ividual tank flow rates shown in Table 4-14 are used for the
evaluation.

Fi~ur~ 4-72 241-AN Far m Vt'nlilllliull CO t Coucentra tlc n.
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4.3.17.1 Tank 241-AN-IOI

Figure 4·73 shows the Tank 241-AN· )01 waste temperature profi les in Apri l 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 of. This difference is larger on July 27 , 2000. over I of.
The C02evaluation performed in Section 4 .3.11 is used for the earlier period shown in
Figure 4-12. An additi onal mechanistic depletion model analysis is performed in the
July 27, 2000, time frame using a supernatant/vapor space temperature difference of I "F. The
supernatant OH- ion concentration for July 2000 is assumed to be near the va lue shown in
Figure 4-53.

Figu",4-73 Ta nk Z41· AN-101 April 1999 and July ZOOO wesre Tempt'....tare Profilrs.
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4.3.17.2 Ta nk 241-A.'1-102

Figure 4-74 and Table 4-19 shows the Tank 241-AN-102 supernatant on-ion concentration
(TWINS 2007). The OH- ion concentration is near 0.1 8 M in August 2000.

ngurc 4-74 'r-ok 241-A."'l - IOZ Supcrn.tant 1I ~..drexlde Oata.

~ .
11}IIilOH 1,'25I2llOO S<1 Y<'XO ! '(.'2C!» M'''~ e.U J2:)(lO 1000J2OO(l nl2::L'ZOC '''11101,
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i: ' 11
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The Tank 24 1-AN-l 02 waste temperature pro tile is shown in Figure 4-75 (TWINS 2007). The
supernatant temperature is approx imately 85 OF with a supernatant/vapor space temperature
difference that exceeds 2 OF. The supernatant/vapor spaee temperature difference for the
Apri l 1999 and July 27.2000, periods shown in Figure 4-75 are essentially the same.

Table 4-19 Tank Z41-AN-11l2MCI~urcd Hydmxldc Ce neemr auo ns.

Sample :\1cl5urcd
AVf'rftKe Sam pling

Al:grt'gl lio n Evut vefue Documen tTa nk Name
Leve l Ilf'gin (pH)!

Molarity Va lue
Loudon Event

Dal e 1,,~/rnL) (M) NHmc

24 1-AN- I02 Grab Sample 812/00 13.27 0. IH6
111-0 103058

2A..~-OO-9
Reissue

0.176
1'11-010305824 1-AN- I02 Gnab Sample Ilf2,UO 13.22 O.l M,

Reissu e
2Aj"l-OO·9
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Figure 4~7S Ta nk 24b '\N·I02 Waste Temperature Profile.
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4.3.17.3 Tank 241-AN- I03

The Tank 241·AN-103 waste temperature pro files during Apri l 1999 and July 2000 are shown in
f igure 4-76 (TWINS 2007) . Tank 241-AN-l 03 has a surface crust as discussed in
Section 4.3.12, which controls the CO2 absorpt ion rate for both periods shown in Figure 4-72.
The evaluat ion presented in Section 4.3.12 was used for the 1999 and July 2000 241-AN Farm
ventilation evaluation.

"'lgurc 4~76 Tank 241-AN-l 63 AIJril 1999 lind J uly 2000 ''''3sfe Temperature Profiles.
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4.3.17.4 Tank 241-A N-104

The Tank 24 1-AN- I04 waste temperature profiles during April 1999 and Jul y 2000 are shown in
Figure 4-77 (TWINS 2007). Tank 241·AN-I04 has a surface crust as discus sed in Sec tion 3.2.1,
which controls the C~ absorption rate for both periods shown in Figure 4·72. The eva luatio n
presented in Sect ion 3.2.1 is used for the 1999 and July 2000 241-AN Farm ventilation
evaluation.

Figure 4· 77 Tauk 241·AN-I04 April 1999 and ,July 2000 W allIe TemllerHlure Prulill:ll.
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4.3.17.5 Ta nk 241-AN-105

The Tank 24 1-AN-I05 waste temp erature profi les du ring Apri l 1999 and July 2000 are shown in
Figure 4·78 (TWINS 2007). Tank 24 1-AN-I05 has a surface crust as discussed in Section 3.2.2,
whi ch controls the CO2 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 Venti lation system
eva luation.
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Figure 4·78 Ta nk 141-AN-105 April 1999 and .Iuly I flflOWa~h~ Temp~nl t ll rt" Pruflles.
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4.3.1 7.6 Tank 241·AN· 1U6

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/vapo r space temperatu re
differences lo r 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 Dod July 2000.

Ftgure 4-79 Tank 24 1·A.~ - 106 April 1999 and July 2UIIOWast c Te mpl'ra lllrt' Profiles•
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4.3.17.7 Tank 241-AN· I07

The Tank 241-AN- 107 waste temperature profiles during April 1999 and July 2000 are shown in
figure 4-RO (TWINS 2007). There is little difference in supernatant temperatures or
supernat ant/vapor space temperatures tor the two periods shown in Figure 4-72 . The eva luation
presented in Section 4.3 .16 is used for the 241-AN Farrn ventilation evaluation for 1999 and
July 2000.

Figure 4·80 Tank 241-A."l-107 April 1999 .a nd July 2000 Waste Temperature Profiles.
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4.3.17.8 241-AN Farm Ventil ation System Results

The mechanistic dep letion model is used to predict the individual tank vapor space
CO2 concentrat ions for 1999 and Ju ly 2000 . A flow weighted average provides a prediction of
the 24 1-AN Farm ventilat ion air C02 concentrations for 1999 and July 2000. The resu lts of the
predicted ventilation air C~ concentration of 276 ppm are compared with the average measured
data in Figu re 4-81. There is reasonable agreement with the 1999 meas ured data. The predicted
CO2 concentration for Ju ly 2000 is 244 ppm, which is grea ter than the measured data.
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Figure 4.8 1 201l· AN Farm Pred ic:ted aDd Me8IJurrd Vrnlil. tion COl Ceaeen tra no n•
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4.3.18 Tank 241-Al'-I OI

The Tank 24 1-AP-101 measured vapor space CO2 concentra tions for July 10,. 2001 , are shown in
Figure 4-8 2 (TWll'S 2007). The average val ue is 250 ppm. The mec hanistic depletion model is
used to pred ict the Tank 241 · AP- IOI vapor space COz concentrati on.

Figure 4-82 Tank 241-AP-IOI ~1easured Vapor Space CUt Ce neentr a tkm...
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The Tank 24 1-AP- IOI 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 to r the
April 1, 2004, sample event shown in Figure 4-83. The supernatant OK ion concentration is
high, 2.3 M.

"'I~urf' 4-83 Tank 241-1\P-I01 Wa ste Volume and Supernat an t lI ydro xid e Data,
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nc e
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T ahlc 4-20 Tank 241-AP- IOIM C.lIsu rcd HydroJ: ideConcf'ntri tion'ii..

Aggregation
Sample J\.1f'Bsured Average

Document
Tank Name Analysis Value :\1olarlry vatue

Level
Date lu 2lmLl 1M'

Location

241·AP -101 Liq Tank Composite 1211/00 ]7800 2.22 RPP-8866, Rev. 0

24 1·AP ·101 Liq Tank Composite 12il /00 37200 2.19 RPP-8866. Rev. 0
241-AP· 101 Tank Composite 12/ 1/00 4 1100 2 .42 2.34 PNNL· 13354
241-AP -I01 Tank Composite 1211/00 42300 2.49 PNNL- 13354
241-AP-101 Tank Composite 12J1i00 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 CO2 measurement
data of July 10,2001. The supernatant/vapor space temperature difference is small and the vapor
spaee temperature is larger than the supernatant. A value of 0 .01 OF is used for the evaluation.
This results in a low vapor side mass transfer coefficient.
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rlgur(' 4-84 ·...uk Z41 ·AP·IOI Jul)' 9. 1001, w aste Temperature Proru~.
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The mechanistic depleti on model is used to predict the Tank 241-AP· IOI. vapor space
CO2 concentration for July 10, 200 1. The p redicted CO2 concentration of 154 ppm is com pared
with the measured da ta in Figure 4·85 . There is general agreement with the average data.
However, the agreement is better with the lower measured '..a lue. The lower measured value is
mo re cons istent with both the measured Tank 241·AI) ·104 and 24 1-AP Fann ventilation system
CO:!concentrations discussed in Section 4.3 .20 and 4.3.22 , respectively.

Io"igure 4-85 Ta nk 241· I\}"·101 Predicted and Avt'fa~e Mea1urt-d Va por Spare COl Conre ntration.
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4.3.19 Ta nk 241-AP-I02

The Tank 24 1-AP-102 mea sured vapor spac e: CO2 concentrations for March 28. 200 1, arc shown
in Figure 4·86 (TWINS 2(07). The measured values arc 230 ppm. The mechanistic depletion
model is used to predict the Tank 241-AP·l 02 vapor space CO2 concentration.

•-Igun' 4-86 •... nk 241·AP- I02 M u sured Vapor Span CO! Cuncenln,tiun.

"" ~---------------~
•

,1--- -- - ---1
Yl1d;11

TIle Tank 241-AP-I02 supernatant OH"ion concentration data are sho....-n in Ta ble 4-21 and
Figure 4-87 (TWINS 2007). The supernatant 0 "' ion concentration is 0.53 M.
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Ta ble ....21 Tank 241-AP- I02 Measured Il)"dro:dde CODccntra rioDlL

A~(CT t'(Clll ioll
Sa mple M l"a i'loured Average Sa mpUnR

Tank :"lame An.ly ~l!'i Value M ula ri lY Y~~e u eeument Lncatlon En ol
Le vel

Date "''''on t) Nam~

241-AP- l02 Grab Sample 4/28/9 3 H940 0 .526 WliC-SD-WM -DP-046 , Rev. 0 0323
24 )·AP- I02 Greh Sample 4/28193 8940 0.526 WHC-SD-WM-OP.Q46, Rev. 0 G299

24 1-AP-102 Grab Sample 4/28/93 913U 0 .537 WIl e-SD-WM -DP-04Il, Rev. 0 G303
24 1·AP-102 Grab SlIlIIple 4.'18;'93 9520 0.560 WHC-SD-WM-DP-046, Rev. 0 G305
241-AP-102 Grab Sample 4/28,'9 3 9470 0.551 WII C-SD-WM-DP-046. Rev. 0 (i 306

24 1·AP-I02 Grab Sample 4i28·'93 9080 0.534 WHC-SD-WM-DP-046. Rev . 0 G30'l

241-AP-102 Grab Sample ' l28m 9400 0.553 \\'lIC· SD-'\\'M -UP-046. Rev, 0 0309

24 1-AP-I02 Grab Samp le 4..28/93 9080 0.534 WHC-S[)..WM-DP-046 . Rev. 0 03 11
241·AP· 102 Grab Samp le 4/28/93 9200 0•.54 ) \\lIC-SD-\\'M-DP.Q46, Rev. 0 G3 D
241·AP·102 Grab Sample 4128/9 ) 9330 0.549 WHC-SD-WM-DP-046, Rev. 0 G)15

241-AP-102 Grab Sample 4f2R/93 9080 0.534 vmC·SD- \VM-DP·Q411, Rev. 0 0318
24 1-AP- I02 Grab Samn le 4128193 9080 0.534 \VHC-SD-WM-DP-Q46, Rev. 0 0319
24 1-AP-I02 Grab Sample 4/28/93 8690 0.5 11 \\o1 IC·SD-WM-DP-04(1, Rev. 0 03 10
24 1-AP- I02 Grab-Sample 4/28/93 88 10 0.518 WHe-SD-W)1-DP-046, Rev. 0 GJ23
24 1-AP- t 02 Grab Sample 4/28/93 79 10 U.465 WHC-SD-WM.-DP-04tl, Rev. 0 GJ02
24 1·AP· 102 Grab Sa ml'le 4/2819 3 9330 0.549

0.535
WHC-SO-WM -D P.Q46, Rev. 0 0 302

24 1-AP-102 GOIb Sample 4,'28/93 9400 0.553 Wl ICSD·WM -D P-046, Rev. a G323

24 1-AP· I02 Grab Sample 4:28/9 ) 9080 0.534 WHC-SD-WM-DP-046. Rev. a moo
241-A P-102 Grab Sample 41'2&'9) 8940 0.526 WlI C-SD+WM-DP -046. Re·v. 0 GJ03
241-AP-la2 Grab Sample 412K,'93 9010 0.530 WHC-SD-WM -DP.()4.6, Re..'. 0 G305
241-AP-I02 Grab Sample 4/28/'93 9200 0.541 \\'lIC-SD-WM -DP -046. Rev. 0 G306
24 1-AP-102 Grab Sample 4'28/9 3 9200 0.54 1 WHC-SO-WM-DP-046, Re..·. a GlO8
241-AP·102 Grab Sample 4/28/9 ) 90'0 0.534 \\'lIC-SD-\Vh-I-DP-046, Rev. 0 0309
241 ·AP·102 Grab SAIIU)te 4!2X.~J 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 G31l
24 1-AP-102 Grab Samp le 4!28!9 J 9200 0.541 \\'llC-SD-WM-UP·04 6, Rev. 0 Glt3
24 1-AP-102 Grab Sample 4!28.'93 9150 0.538 \VHC-SD-WM·DP·046, Rev. 0 G3 15
24 1-AP-102 Grab Sample 4/28/93 9270 U.545 WI IC-SD-WM-D P-04'I , Rev. 0 GJI8
241-AP-102 Grab Sample 4/28.'93 9080 0.534 WHC-SD-WM-DP-046. Rev. 0 ml 9
241-AP-102 Grab Sample 4128/93 8940 0.5 26 \\OlIC·SD-WM·DP·04tl , Rev. 0 0 310
241-AP-102 Grab Sample 4;''28;'93 9080 0.534 WHC-SD-WM-DP-046, Rev. 0 0323
241-AP-102 Grab Somple 4/28;'93 8810 0.518 WHC-Sn-WM-DP.Q46, Rev. 0 0 302
241 -Af-102 Grab Sample 4-'2819 3 9330 0.549 \\'lIC-SD-WM-DP -046. Rev. 0 m02
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Figure 4-87 Ta nk I41-AP-IOI w ast e v olume and Supc-m8tutllydroI id e Dala.

,
1~'Ml I I;VTI';l2 1~ 1I113 la'11114 12I71'll15 1211191l 12.'&'V l:21eo'D8 l~W 12IMIO 12.'MIt 121!io'02

.. _.-.. ••-. ...-. -- "'•
"

~
e
0 ,.
~s
<
~
e "•u
•
~• "• • i'ff_0l0

-e l ---_~ v......
~

%

" -

e.o

The Tank.24 1-AP-102 March 26. 2001, waste temperature profile is shown in Figure 4-8
(TWIt'S 2007). The supernatant/vapor space temperature differen ce is small. less than 1°F. A
value of 0.01 of is used for the evaluation. This results in a low vapor side mass transfer
coefficient.

f igure ....88 T..k 241-.\P-102 ~"rth 26, 2001, Waste Temperature Profile.
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The mechanistic depiction model is used to predict the Tank 241-AP- I02 vapor space
C0 2 concentration for March 28. 200 1. The predicted CO2 concentration of I S6 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 Ta nk 24t -AP_l02 Prt'dkted and J\.f t'lI ~ u rt'(1 Vap ur Space COl Concentra tion.

'"
•

e
'" -~

"•
~

,~e
3s
u I • AP·lalSHo'S ~l
~ '00 APl02~ian

•R
Q

••e "•u

,I .
3127101 1;2&'01 - , -, .....,

4.3.20 Tank 241-AP-I04

The Tank 24 1-o'\ P- I04 measured vapor space CO2 concentrations for November 28, 2000, are
shown in Figure 4-90 (TW INS 2007). The measured average value is 155 ppm. The
mechanisti c depletion model is used to pred ict the Tank 24 1-o'\ P- I04 vapor space
C~ concentration.

I' ill;urt' 4-90 Tank 241-AP·104 Measured Vapor S IUII:t· CO2 Com:t'ntra tlun.
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The Tank 24 l-AP- I04 supernatant OH- ion concentration data arc shown in Table 4-22 and
Figure 4-91 (TWINS 2007). The average supernatant 01 r ion concentration is ncar 1.3 M.

';Igure 4.9 1 Tank 141-AP-I04 w aste Volume and Super natant Hydroxide Uala.
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Table 4-21 Tan k 241-AP-I O" ~lu8und Il vdrcxlde Ceneeatra ttcns,-
ARKrfRatlon

Sample Mu!ured A'·t'Ca~e Sampling Enat
Tan k Name Anal)'li! Value Mol. clt}' ValIll' Doc umen t Location

Lent
Dale ,.oImLl I'll "'a rne

24 1·AP· I04 T"'k 1t9120 01 21500 1.26 Il NF-7434 Rev. 0 Tank Comp Triple 2
Composite

24 1-AP- 104 T.ok 119/2001 18800 1.11 HNF-7434 Rev. 0 Tank Comp Triple 3
Comcositc

24 1·AP-104
Tw

1/9/2001 2 1500 1.26 IINF· 7434 Rev. 0 Tank Comp Triple 1
Composite

Tw 1.26
I'f' WD-3334:WTP· WTr liquid

24 1-AP- I04
Cemoos ne

1i91200 1 2 1600 1.27 RPT '()69, Rev. 0 OJ ire

241-AP-I 04
Tw

1/9!'2001 23 100 1.36
PNWD- 3J)4!"\\'jp· \\'TP liquid

ite RPT.Q69, Re,., 0 Comoosite

HI -AP-I 04
Tw

1/9/2001 22200 1.31
I'NWI>-J334/\\'TP· v.'TP Liqu id

Composite RPT-069 , Rev. 0 Composite

The Tank 24 L·AP-I04 November 27, 2000, waste temperature profile is shown in Figure 4-92
(TWINS 2007) . The waste temperature profi le 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-I04 has a tow tank beat 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.

Hgurr 4-91 Tank 241-AP-104 l\OH'miH'r 17, 2000, \\'.5tr Temprnturr Pr ofile.
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The mechanistic depiction model is used to predict the Tank 241-AP-I04 vapor space
C0 2concentration for November 28, 2000. The predicted COz concentration is compared with
the average measured data in Figure 4-93. The predicted vapor space CO:z concentration is
157 ppm. This is in excellent agreement with the average measured data.

Figure 4-93 Ta nk 14 1-AP-I 04 Pred icted and J\lrasured Yapcr Space CO) Cnneentration,
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43.21 Tank 241-AP-106

The Tank 241-AP-l 06 measured vapor space C0 2concentra tions for May 8, 2001, an: shown in
Figure 4-94 (TWI NS 2007 ). The average measured value is 250 ppm. The mechanistic
depletion model is used to pred ict the Tank 24 1-AP- I06 vapor space CO2 concentration.

Figure 4-94 Tank 241·Ap·I06 Measurf'd Vapor Spacf' COl ConCf'Dtration.
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The Tank 24 1-AP-I06 supern atant OH- ion concentration data are shown in Table 4-23 and
Figure 4-9 5 (TWINS 2007). Was te from Tank 24 1-SY-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.

115



F"g~ 12 7 of 440 Of 0A0602333 3

Rrp-26676 Rev I

00

c
1 21~021 21~',"""'1216099""'"

.... •• - • . .

• av_ 'O~ Hyd<m '"

_ w.....'O...,.

,•

cc
121etll7

T able 4-23 Tuk 241. Al".l Ufi :\1 e.~ured Hydrnxlde Ce nce ntrsun ns.

Sample Measured Average
Aggregatlou Analysis Value Value Dccumeut Sam~lillA

Tank Name Level Dat e (."'mL) Molarity 1M) Lucarlon Event f\ ame
241-SY-102 Grab Sample 2/25/00 11400 0.67 HNF·1699 Rev. 0 2SY-OO-l

24 1-SY·I02 Grab Sample 2/25,100 24000 1.41 HNF-1699 Rev. 0 2SY-OO-4

24 1-SY-102 Grub Sample 2/25,100 18800 1.11 HNF-1699 Rev.O 2SY-00-]

24L-SY-102 Grab Samole 2125/00 24200 1.42 HNF-1699 Rev. 0 2SY-OO-5

24 1-SY- I02 Grab Sample 2/25 /00 22600 1.33 HNF-1699 Rev. 0 2SY-OO-4

241-SY- I02 Grab Sample 2/25/00 18800 1.11 HNF-1699 Rev. 0 2SY-00-2
241-SY-102 Grab Samole 2t25/OO 25400 1.49

1.24
HNF-1699 Rev. 0 2SY-OO-5

24 1-SY-102 Grab Sample 2/25,100 11500 0.68 HNF·1699 Rev. 0 2SY-OO-I

24 1-SY-102 Grab Sample 2125/00 24400 1.44 HNF-1699 Rev. 0 2SY·0{)-4

24 1-SY- 102 Grub Serrrolc 2125/00 18700 1.10 HNF-1699 Rev. 0 2SY-oO-]

24 1-SY-102 Grub Sample 2/25/00 24700 1.45 HNF·169 9 Rev. 0 2SY-OO-5
24 1-SY·102 Grab Samnle 2/25/00 24600 1.45 HNF-1699 Rev. 0 2SY-OD-4

24 1·SY· \ U2 Grab Samnle 2/25/00 18800 1.11 HNF-1699 Rev. 0 2SY-00·2
24 1-SY- \02 Grab Sample 2/25 /00 26 100 1.54 H""r-1699 Rev. 0 2SY-OO-5

The Tank 241-AP-l 06 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 OF will be used, which is consistent with the other 241-AP Farm tanks.
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fil:ure 4-96 Tank 241-AP-I06 M ay 9, 2001 w aste Temp erature Proflle.
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The mechanistic depletion model is used to predict the Tank 241-AP-106 vapor space
C02 concentration for May 8, 200 I. The predicted CO2 concentration of L57 ppm is compared
with the measured data in Figure 4·97 . There is general agreement with the average data and
exce lLent 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 condi tions. The lower data point is consistent with the Tank 241-AP
104 data shown in Figure 4-90.

•"jgure 4-97 Ta nk 241-AP· 106 Pr edIcted and .\Ieasured Vapor Spa ce COl Cnnceutratton.
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4.3.22 241~AP Farm Ven tilation System Ca rbon Dioxide Evalua tion

Figure 4-98 shows the measured 241~AP Farm ventilation air CO2 concentra tion for
June 22, 2000 (TWlNS 2007) . The average measured concentration is 175 ppm. The
mechanist ic depletion model is used to predict the ventilation air C02concentration. The
calculated vapor space CO;z concentration for Tanks 24 1~Al)~ 101 , 241~AP-I02. 241-A I1- I04 and
241-AP- I06 presented in the previous sections are used for the ventilation air evaluation.
Additional analyses are performed in this section for the remaining 24I-AP Farm tanks.

•' (gu r e 4-98 Z41 -AP I-arm \Tenli l.lion C(~ Cencentra ttee .
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I 4.3.22.\ Tank 241-AI'-103
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j

The 24 1 ~AP~ 103 waste volume and superna tant 01-1' ion concentration are shown in Figure 4-99
and Table 4-24 (TWINS 2007) . Supernatant OK ion concentration is near 0.6 M,
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Figure 4·99 Ta nk 241-AP-I03 Waste Volume a nd Su pernata nl Hydroxide Data .
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Tahle 4-1.4 Tank 241 ~A P-l03 Measured HydrDxide Concentra ttcns.

Aggrt'gation
Sample ~Ieasured Avenge

Document
Sampling

Tank Name Analysis Value _\1olarl ty Valu c E"'cnfLevel
Date 1.1l1mL) 1M) Lueatlun

Namc
241-AP-I03 Grab Sample 8/12199 8890 0.523 HNF-168J Rev. 0 J AP-99-1
24 1-AP-I03 Grab Sample 8/12/99 9560 0.562 HNr -16 113 Rev. 0 ) AP-lJ l)-)
24 1~AP-IQ) Grah Sample lV12/99 9970 0.586

0.559
HNF-168J Rev. 0 3AP-99-2

241-AP- lOJ Grab Sample 8/12/99 9500 0.559 HNF~ 1 683 Rev. 0 JAP-99-1
241· AP· lOJ Grab Sample 8/12/99 9290 0.546 }J1\i'P· 168J Rev. 0 3AP-99-3
24 1·AP · IOJ Grab Sample 8/12/99 9830 O.5711 HNf -l tlX3 Rev. 0 3AP-99-2

Figure 4-100 shows the Tanks 241-AP-I 03 wast e temperature profile for June 19, 2000, and
June 17, 2002 (TWrNS 2007). Consistent with the other 241-AP Farm tanks , the
superna tant/vapor spaee temperature difference is small. A value of 0.01 OF is used for the
evaluation. The mechanisti c depletion mod el is used to predict the Tank 24 1-AP- IOJ vapor
spaee C02 concentration for J UIlC 22. 2000_ The predicted C02concentration is 155 ppm .
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Fie ur.- 4- 100 Ta nk 241-AP- I03 waste Temperature Pro filt'.
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4.3.22.2 To nk 241·AP. I05

The 24 1-AP- I05 waste vol ume and supernatant OU' ion concentration are shown in
Figure 4-101 and Table 4-25 (nVIl\S 2007). The supernatant 0 1r ion concen tration is
over 2 ~.

1,'lgun 4-101 Tank 241·A P-105 Wluh.· v uteme end SupuIIMlaul Il ydro1id(" Data.
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Table 4-15 Tank 14 1-AP- IOS Mf'IUurl'd Hydro'll; idt Con« ntratlon"

AQreJtation Sample
MUllu~d

Anragt' Document
Sampling

SegmentTa.k Namt Value Molarity EventLevel Oatt'
'u,"IULI

value Q!) t .ecatton
Namt

Namt

241-AP-105
Drainab lc

212&02 34900 2.052 NtA FH-0202211 301 I".....vid

Figure 4·1 02 shows the Tanks 24 1-AP- IOS waste temperature pro file for June 26, 200D. The top
thermocoupl e shown in Figure 4-102 is just above the waste surface. Consistent with the other
24 1-AP Farm tanks, the supernatant/vapor space temperature differenc e is smal l. A value of
0,01 OF is used for the evaluation. The mechan istic depletion model is used to pred ict the
Tank 24 1-A P-105 vapor space CO2 concentration for June 22, 2000 . The predic ted
C0 2concentration is 153 ppm .

Io'igur t 4-102 Tan k UI · AP-I OS Waite Temp erature Prcnte.
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4.3.22.3 T ank 241.AP. \07

The 241-AP- I07 waste volume and supernatant Olf ion concentration are shown in
figure 4-103 and Table 4-26 (TWINS 2007). Supernatant OK ion concentration is near 0.6 M.
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FiJ;ur e 4-103 T ank 24 1-AP- I07 W ast e Volum e aad Soper na f.ll ill H) dru\ hJr CUIICl'utntlioa.
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Table 4·26 Tank 24 t -A P· I0 7 Measured Hydrolide Ce ae entrauens,

AggreKRllon
Sa mple Meesured A n ugt'

n ocumcnr Sa mpling
Tank Name AnalysIs Vallie Moluit)' value EvemLevel

Dat e lu llimU 1M)
l.nea ttnn

Iliame
241·AP· I07 Grab Sample 8/30199 9970 O.5Kti HNF·1689 Rev. 0 7AP-OO-3C
241·AP· I07 Grab Sample 8/30/99 9770 0.575

0.569
HNF· 1689 Rev. 0 7AP-OO-2C

241-AP-107 Grab Sample K/30l99 9430 0.555 Ht-.'F-1 6l'19 Rev. 0 7AP·OO-4C
24J-M · 107 Grab Sample 8130199 9500 0.559 Hl'Io'F· 1689 Rev. 0 7AP-OO-3C

Figure 4- 104 shows the Tanks 24 1-AP-I07 waste temperature profile for June 19, 2000
(TWINS 2007). Consistent with the othcr 241-AP Farm tanks,the supernat ant/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-l 07 vapor space COz concentration for
June 22. 2000. The predicted CO:z concentration is 155 ppm,
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FI~ure 4-104 Ta nk 241-AP-I 07 Waste 'rempereture Profile•
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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 concen tration is 0.83 M.

Ftaure 4-105 Ta nk Z41·AP-I08 waste Volume and Supcrnatlll ni llydroddc Data.
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Table ....1:7 ·h nk 241 AP-I08 Meal urtd Hydroxide Conct'nlntioDI-
Sample Mtuured Al'erage Samplillg

Tllnk Aggrrgation Anal)'5iJ ,::, V.;'I~' Document [Hnl

Nllm(' Level Dale .)totartty Loc atlcu l\ ame
24 1-AP-

10. Grab Semele JlIiOO 14000 0.824 HNF-1694 Kev. O 8AP-OO-2C
24 1-AP-

10. Grab Samule 3/1100 14700 O.KM
0.832

HNF- 1694 Rev. 0 8AP-OO-2C
241-AP-

lOR Gra b Sem ele 3/1/00 13500 0.794 IM- 1694 Rev. 0 8AP-OO- IC
24 1-AP-

10. Grab Samote 3/1/00 14400 0.847 11:-1F-1694 Rev. 0 8AP-OO-3C

Figure 4-106 shows the Tanks 24 1-AP- 108 waste temperature profi le for June 19, 2000
(TWINS 2007). Consistent with the other 241 -AP Farm tanks, the supernatant/vapor space
temperature diffe rence is small. A value of 0.0 1 of is used for the evaluation. The mechanistic
depletion model is used to predi ct the Tank 241-AP-108 vapor space C~ concen tration for
June 22, 2000. The predicted C02 concentra tion is 152 ppm.

FiKllU ...... I06 Tank 241-AP·IOH w aae Temperature Prerue.
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" 60 65 10
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4.3.22 .5 241-AP Farm Ventila tion System Results

The mechanistic depict ion model was used to pred ict the vapor space CO2 concentration of the
individual tanks. The pred icted 241 -AP Farm ventilation air C<h concen tration is the average o f
the individual tank vapor space CQz concent rations since the venti lation now rates arc assumed
to be equal. The predicted and measured 24 1-AP Farm ...-entilation air C<h concentration is
shown in Figure 4-107. The predi cted value is 155 ppm . This is in excellent agr eement with the
average measured data value of 175 ppm .
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4.3.23 Sum mary of SRS and Hanford Site Data Evaluations

The mechan istic depletion model is benchmarked wi th SRS data . Hanford Site supernatan t
OH+ion concentration data . and Hanford Site DST vapor spaces and ventilatio n systems
C0 2data, as presented in Sections 3,0 and Sec tions 4.1 through 4.3. The mechanistic depletion
mudd was benchm arked with nearly 50 data points. The results are summarized in Figure 441 08
by comp aring the predicted OK ion depiction rate with the OK ion depletion rate derived from
the data. The OH- ion depiction rate for the Hobbs data is derived using Equation 4-2. which is
an expansion of Equation 2-3.

(4-2)

Where:
OlldePW b< ".OH' ion depiction rate for the Hobbs data [mo le/unit time]

sco . ".CQz fraction in the amb ient air
:!",, _-J>

(''' 'i = air molarity

Q_ e ven tilation now rate [volume/unit time]

F..... = SRS C(h abso rption fraction data

The OR ion depletion rate for the Hanford Site supernatant 011" ion concent rat ion data is
derived from the slope of a linear curve fit to the OH- ion data (Sections 3.2).
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The 01 r ion dep letion rate for the Hanford Site CQz data is derived by Equation 4~3 .

(4-3)
XCOz-Jalu

OHdepco,. = 2 · xco.. . ,Cuir ,Qwmt ' (l - )
air _ alllb XC'"'-

'-'lair a ..b

Where:
Olldep('()l =011" ion depletion rate for the Hanford Site COz data [mole/unit time]

X ('o, - d.", = Hanford Si te OST vapor space and ventilati on system COz data

(what about the air amb tenn?)

Figure 4-108 shows the predicted OIr ion depletion rate for the SRS and Hanford Site data. The
predi cted values are compared to the derived OK ion depletion rates. The data arc compared to
the perfect fit line. The Hanford Site COz data are plott ed as individual tank data (vapor space
CO2 data) and tank farm ventilation system data, which is the C0 2concentration for the air
stream of the entire tank farm. The individu al tank derived OR" ion depletion rates range from
just over 2000 mole/yr to 200 ,000 mole/yr. The tank farm ventil ation system derived OH- ion
depletion ra tes range from 90,000 mole/yr to over 240,000 mole/yr. There is good agreement
between the mechanistic depl etion model pred ictions and the data for the individual tanks. The
agreement is also excellent for the tank farm data .

Figure 44108 Summar)· of Mechanilltic Deplet iun }lude! [ ,.·alua tiull or SRS and Ha nford Sile Data .
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The Hobb s model discussed in Section 2.0 was also used to pred ict the OH· ion depict ion 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 dep letion
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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 wit h the Hanford Site supernatant
OH- ion data is also reasonable. However, the Hobbs model tends to over-predict the OK ion
deplet ion rates for the Hanford Site individual DST and tank farm ventilation system CO2 data.
Because it is an empirical model, it is not applicable to the wide range of data represented in
Figure 4-109,

Fig ure 4-109 Sum ma ry or Hubbs l\l odel l':valuat ion of SRS a nd Hanford Site Hata_
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5,0 LARORATORY IlYDROXIDE DEPLETION TESTS

A laboratory study was conducted to evaluate methods of measuring OK ion concentrations
below 0.01 M, FH-0302630. Report on the Evaluation ofPotentiometric Titrations to Determine
Hydroxide. This study included an evaluation of effects of C0:2 absorption in a controlled
laboratory environment. A test was perfonncd 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
Ol f ion concentrations were measured at 20 minute intervals for the duration of the test. The
purpose of the test was to meas ure the effects of OH- ion dep letion by CO2 absorpt ion for small
laboratory samples.

5,1 TEST DESCRWnON

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 CCh absorption test are shuwn in Table 5- l . These
data are shown graphically in Figure 5-2. The OH' ion concentrations are mea sured every
20 min. during the duration of the one-hour test. The OTr ion concentration decreases by nearly
60% duri ng the test. due to CO2 absorption. The depletion rate is nearly constant during the test.
The average Ol l" ion molar depicti on rate is 0.000067 ~L'min as shown in Figure 5-2.

Figu.re 5- 1 Scintillation Vial,

19/32"--
1-718·

1·

Ta ble S-I Labora tor y Test n ata.

T ime (min.) 10 111(M)

0 0.00963

0 0.001)76

20 0.00832
20 0.00855

40 0.00689
40 0.00727
so 0.00515
so 0.00561

5.2 L ABORATORY TEST BENCHMARK ANALYSI:S

The mechanistic depletion model presented in Section 2.0 is used to predict the OR ion
depiction rate for the laboratory test, The OH' ion concentration is thai calculated for each
20 min . interval.
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The CO2absorption is small due to the small sample size. The CO2 concentrati on in the ambient
air of the laboratory would not be affected by the test. Therefore, an ambient CO2 concentration
or 300 ppm was assumed for the analyses. The sample was slowly stirred during the test. The
OH- ion mass transfer coeffic ient should then be based on convection rather than molecular
diffusion. Since the stirring was gentle, it is appropriate to base thc mass transfer coefficient on
natural convection .

Figure 5-2 Comparison of Prcdiclcd and :\1ear'llred Hydrcxtde Concent ra tiuns.
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TIle predicted OI-r ion concentrations for the laboratory test are shown Figure 5~2 . The predicted
OK ion concentration decreases linearly at a rate slightly higher than the measured data. The
predicted average OH- ion depletion rate is 0.000074 Mlmin. This agrees well with the
0.000067 Mlmin rate derived from the data as shown in Figure 5~2 . Therefore, the Ol l"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 EVALUATlO"'l

6.1 BACKGROUND

On June 29. 2005, Core 3 17 was taken in Tank 241 ·AZ~ 102. When the top sludge segment,
Segment 18, was extruded in the hot cell, drainabl e liquid formed a pool on the tray holding the
extruded sample. Subsequent measurements of the OH- ion concentrat ions 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 truy. It was
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postulated that the Ol l"ion concentrations of the drainahle liquid and interstitial liquid were
initially the same, given the ir common origin, but that the drainable liquid was depleted through
CO2 absorpt ion 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 ofTank 241-AZ-102 Compliance with Technical
Saf ety Requirements Corrosion Mitigat ion Controls Chemistry Limits, The evaluation
determ ined how long it would take for the pH of the drainable liquid to drop from 12.0 (the
measured value for tile interstitial liquid) to 11.5 (the measured value of the drainablc liquid)
from exposure to the CO2 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, Segment 18 evaluations, RPP-RPT-27902. arc 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 halflL, pH 12. The drainabl c 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 of or
greater. Given the initial temperature of Segment 18 (..... 137 OF), and method and timeliness of
sample retri eval from the tank, packaging, transport to the hot cell, and extrusion (within a
5-hour period), a temperature difference of 10 or or more does not seems unreasonabl e.

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 depiction model presented in Section 2.0.

Fil:llr e 6-1 Comparison Tank Z41-A'\'-102 Predi cted and Measured Hydruxlde Couceutrauc ns.
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7.0 CONCLUSIONS

• Both the Hobbs model and the mechanistic hydroxide depletion model provide reasonable
C02 absorption fraction predictions for the SRS H-Area tanks and the Hanford Site DSTs.

• The mechanistic hydroxide depletion model more accurately predicts the OR" ion depletion
rate for the Hanford Site tanks as the model accounts for important physical parameters in
addition to OK ion concentrations.

• The mechanistic hydroxide depletion model has been implemented and used to evaluate
OK ion concentration long-term trends for some of the 28 DSTs. Continued application of
the model to address OH- ion depiction 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 OHM 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 satisfy the following expert
panel findings from RPP·RPT·22126;

• "COTe 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 verify 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 model to DSTs. Temperature instrumentation that provides capability to monitor
long-term trends and generate tank profi les 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
engineering analysis, or preferably from field measurements, to provide updated inputs to the
model.

• Consideration should be given for periodically obtaining CO2 measurements ofDST
ventilation air under test control conditions to reduce the uncertainty in the current
CO2 database and, thereby, improve the validation of the hydroxide depletion model and
confirm it accuracy. As a minimum, DST with no CO2 or limited CO2 data, as identified in
this report, should have their headspacc or ventilation air CO2 concentrations measured.
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1.0 INTRODUCTION

JMI-NB-OSO tQtQt , Rev t

Admin istrat ive Con trol (AC) 5 .16 is a pan of the Technical safety Requ irements (TSR'l) for the do uble -tJlelllanb (DSTs) and aging
wa ste facili ty(A'WF) tanks , IThi·F-So-VtM -TSR-006. TankE'anns Technical Sate ly Requirements. Allministralive Con1ro15 .16
requires II program be maintained 10 manage the OST waste chemistry to Iimit c onusion oftne primary lank wall. The technic al
hasis for the chemi stry control program i~ documented in RPP~7795 . Tu hnical Basisfa r Chrmistry Control Program.

Main tain ing a minimum specified free hydroxide ion (OH-) con cent ration in DST waste is cen tral 10 the chemistry control program.
The free OH- io n is con sumed or depleted through chem ical reaction s. Chemic al reacti on, inclu de the depletion of free OH~ ion
through the absorp tion uf carbon dioxide (C~) from the tank ventilation air. The current technical bests identifies the Hobbs
equation /lS the free OH- depletion mod el fur C~ absorp tion, DPST-87-596 , Absorption of Carbon Dioxide in Waste Tanks (11).
The Hob bs model i ~ an empirical cnrrelation o f measured CO:!ahsurption rate data (based on solutio n pH)for eight H-area taob
from the U.S. Department of Energy, Savannah River Site (SRS). TIle Hobbs correlation is not a mechanistic based mode l.

1be objective o f this document is to present a free hydro";'de deplet ion model for carbon diCJ:II:ide absorption which is
mechanistica lly based and wh ich has been MnchlJ\o1tked using: Hanfmd wasre rank data.

The evaluation of the mechanistic hjd rualde deptetion model is d ocumented in RPP-26616. Dou ble-Shell Tank H)'droxid e
Depletion Model fur Carbo n Dinxide Absorption . The Hmforo slte lan k data and the Savannah River- Site data used for the
evaluation and benc bmarkot rhe mecha nistic model is provided in RPP-26676_ This enginee-ring notebook provides su pportive
technical information.
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2.0 EVALUATION OF HORBS DATA
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2.1 110 8 8S DATA
A plOl8J1'm was condllCl~d in 19B6 and 1987 1'1fh(' .fiR.1i; In .Ietennine the mechanism and rate of 011· de plclion IhroughC~

abr.orpt ion. DPST-87-5% . The program W 3 ) conducted fOI Hurea W3..te tanks, D.1t.1 from lhoe tests co rtdlJcfed during fhi ... program
were used to bencbmarkthc mech anistic depletion model . The data were ob tained from DPST~87·596 I1.nd are summarized in
Rpp·2fi676.

v endteuon Flow Rates

~rLJ4t. :.. 430cfm,
Q...1 dlllot := 231d m- ,
Qur dill ='" 4JOcfm

- >

QIl"Llkul :.. 266cfm
•

Q",l dal l := 3J6cfm
- >

o..n..llal~ := 2lJ3cfm
•

o...l.dol. :"" 264cfm,
0..1...... := 268cfm

•
<trl..dM. := 311d m•
Q;rLd• • :"" 351cfrn

"0 11 Com:entra tioD8 and Absorption f ractions
-4

OHv l d",~ := 1·10- ,

OH'rl...dl~ := .062

¥ut Jou := .4
- >

OH \Il d.... :-: .13- ,
Put ........ :- .58- ,
OUirt ""' . :~.25- .

F...1dou. :=.10,
OHu l obi. .e- .19- ,
Fs,l .wl := .75.. .
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#*-
OHwL.....~ ;= .89

f,,'~.r~ := .79,
OH. .. d:Jl. :- .89- .
[J'$fLlllla := .80

"
OH.rLda,a :"" 2 .51,
F"'ldM~9 := .83

OH U1 dllf& := 6.31
- '"

Ps,1 0.. := .76
- "

T..,", := 92F- ,
TII~ .n :.:: l OOP- .
Tn , wl ;", 1l6F- .
'1'. .., V'I : '" 91F- .
Tsa, V'I :.. 91P- ,
T.u, \11 :", 139F- .
Tsu~_~ := 1091"

T_up srI := l09F•
Tu p-lU'\, := 82F

Tu~ $1"1 :'" 82F
m

RPP-26676 11CV 1

CAUSTIC OEPlET1ON
MECHANlSTIC ~OOEL

ENGINEERING NOTEBOOK

JMI·NB-05010101. Rev1

The IIVeJ1l gll temperature d ifference betwe en the vapo r space and supernatant fer the non-aging waste Hanfurd tanh (Section J.J) i~

used Ioe rhe SRS tanjs.

The Hobt's correlation is given by. DPST-81·596.

~(OH) ;,,= .165{14 + lo{~~)) - 1.5fJ9

B-Bof B·280
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i~ rl..d atl := 1 .• 10

T dollllu ;rl. :- T.~p_",~ -hoT.v" hAnford
' >rUM. lrl.... ..

T dOO'le.-id ~

--=-= 1...-

90 F

98
114
89
89
137
107
107
80
80-
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;l,2 PREDICTION OF ABSORPTION FRACTIONS FOR HOBBS DATA
tne me(h.misbc deplence model h. used lO predict the CO2 absorption fraction Icr the SRS tnb .

o.. lr. := S~ft

2.2.1 Tank 42H
idal l :::; (

Q~"l :"" Q~r1 _d /ll1
IJ ...

tiTsrl :::; tiTil~e_hllllf....-d

i\Tliq := OF

T wp := T.'IllI'_1<rl.
'""

OH dl ll ;= OH~ .. M
,~.

C'loq ="" 4in

lsatl := 1982yr

~l := 1986yr - ~m

v...JWl := 6fXlkgal

mole
"' - - ·At

C0 3ul := "Vn psrl

C03srl = 3.522 >< 1O-_1[\,f

C0 3t..\k:"" C03srl
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, ,
:~::il1r-= _,u- ..k:::.. ..!..::t _

!

Q:- QvLl1M"i....

S I Ca l uI h L" "dSid(' MlissTrall',frr KattoS

OHli<Lm...l_lran,ter := C1luH..-bQ(AThQ ' T.up. l»iq' ""'.,.,k. OH,b'a.011i ' \le>.' )
C03m~ Itllll. re. := c.ocm(AT1iq ,T"' I' . I~ iq . A, ank ,r:O:\ulk ,CO:\-JU~")

(X)2m"luran~f~Uill : == Wco2_b ~(aTll~ ' T.up'Dti~ .A,lIJ]k , Olld "':l . OHi-8" ",.. . CO\"lk' CO\...ll"""')
Step 2 · Ca lculate the Vapur Sid",O H Depteuon Rai l'

TIu: 0 11depleuon rate based upon the C02 mass transfer rate is calculated .

~Jl;Ik...J_ :== J 57ppm

Olldf'\l := ClJoiCoi~dT~rt· TWJI' l\a.nl ' At.wll' (mu uc,",' CO\ ..., ..c.. '~ balk ,_J
Interne on the bulk air C02 ccncennauon gu~,," unut it agrees with the calculat ed concentration.

( OH....)
~DU"'lk_ulc ~ ~I\Q. - 2-

Xcol_~ull;: == 359.924 ppm

SII'P J • Compare the O H pe preuen KaLe a nd Liquid OH Ma r.s Tramfu Rat e
Tbe OH d I h d n the C02 abso rption rate from air is co mpared tc die OHmasstnlll~rcrra[c nn the liqu id side .

The rare al wh ich OH is depleted in the hulk liquid is

OHdI;P_boIll :-' 2· C02m..... _It....fcf liq

The rail' that OH is depleted a t the surface is

Olltl~p_"uJ f.-: e ~ Olldep - Olld~p hI,lk

n 0 11 d I rate mU~ 1 he equal tn the rate of ITUSStransfer to the surface

Stt!() 4 • C.OIII IJllln! the OH Depletion Rate to the COJ Ma ss Tra nsfer Rail'
The COJ mass transfer rate should be half the surface OH Depletion rate.

F = 2.115 x IO~ 4·.rI .o;ak:,-
OHd~"'. := 2 FvLdau · Xe02_amb-CIir'Q~ml'.. ,-
OH.....,..-.k := OH dI; p

'..
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The depletion rote based upon the Hobbs model is

OHdephobbs. := 2xco2_amb'C air"Q venCFhobb8(OHdala)
'dot.

mol
OH dep =43.52&-

Y'
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2.2.2 Tank 48H
idati := 2

Qvcnt := Q'II"I~dRt ...
'dat .

Tsup := Tsup_~rl_
'd.l>

O~IIti.:= OHlrLdala M
' ,,"

t,lart:= 19113yr

oM:= 1986yr-lslart

V,upsrl:-=C 600kgal

mole
50000--·61

C03srl := Y'

Vsupsrl

C03sri = O.066M

C03t,nlk := C03sri
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Q := Q",U alu_
'01,,,

St 1 Cal I re th L: ·d Side Mass ·r ralLsrer Rates

,

:.!2--:-;0-=---,:;--==:::3 .o.J(h1jJ ~ B~

OHli'l-lI1;uun"~h:r := WoIUiq(AT liq•'I'ilU p. !.\q, !\rank'OHd.~ ' OHL.g~ ~ ",,)

C03,u ll-~~ trnoSl't-1:'" 0Jcxn (AT Uq'Tf>\J~' ~jq ·A,ank' C03t, ulJ< . C0 3Lgue. \ )

C02mIl-~.~mmSIeUiq := Wcm _liq(tiTbq•T 1up'~iq . A,ank' O H dIU' O H iJ ueAA ' C0300lk' C0 3iJ lltU)

S tep 2· Ca lcula te the Va por Side OH Depletion Rate
The 011depletion race based upon the CO2 mass transferrare is calculated.

x,,<l2_hulk..JiW'"" := 240ppm

OHdep := WoK . i,(ATsII•T w p' Dtanl . Atank. OH i gue~' CO~ guess " 02.l>uJ k gue..)

rnrcratc on the hulk lI irC<Ylconcentration guess until it agrees with the culculurcd concentration.

( 011" ,)
\.....2_bull..c.k: := xtJuo.t..Q.-,-

Xu.Lbulk....calc = 242.185 ppm

Step 3 • COlllpa re the OH Depletion Nate a nrl l.i quirl OH .\ la $.'1 'rrarerer Kate
111 OH d b ed h C O2 absorpti on rate fmm air is co mpared to [he OH mass transfer rate on the liquid side.

The rate at which OH is depleted in the bu lk liquid is

OHdcp_bulk := 2·C02m.. .....ln.D 'ferJiq

The rate that OH is dep leted at the surface is

OHdep_tYrf"",c := OH ~cp - OH,J."ll_bylJ\

Th OH rf d I st be equal to the rate of mass transfer to the surface

Step 4 · Compare the on Depletion Rate 10the C03 Mass Transfer Rate
The C03 mass transfer rate should be half the surface 011 Depletion rate.

o~..,
~02_amb·Cai r· Q,~n l

F.n_Cllt = 0.327
~.

OH""pdM3 := 2F.rCdlla, " QL i;.nlb·C llir'Q"cm
, ~ ". 'din.
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The depletion rate based upon the Hobbs model is

OHdepbobbs. ;= 2x","2_llITIb-CIlir"Qv.nC I11lObbs{OHda~)
'dOl.

"- 1II1l]
OHdep == 3.619x 10 -

}T
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2.2.3 Tank 4211
id.ll: . := 3

Qw~1 ~ <41t...4.1I.'w.
T5ql ~ T~_!1111

.~

OHIkI. :- OH. UI.... M
•••

lswt := 1982yr

tot :- 1986yr - r-t
Vsupsrl ~ 6OO~ga.l

mole
40000-- ·~'

C03m := y'
V...p.rt

C03>rl • 0.07 M

CO\'lk := oo3$r!
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SI 1 Cal I I I · ·d Side Mas.'l T ra nsfer Rates

OHli'!-m....u rnnd i:r :", WoiUiq{6.Tuq•T. up•~iq _ t\ank'O~,,,a _OH Cllue\.,)

COJm.1....u rander:=: ma ))( ATli<:!_ Tsup.~iq. f\,uk' CO\ulk' CO:\ gue~~ )

C0211""'Ufan,f~r_liq :- Wca.Uiq(6 T1iq_T."p' DJiq. A,lIII k.OHdala ' OH u uc"" .cn""lk, COJ i-1!ue••)

S Iel12 - Ca lculate the ValKlT Side OH Depletion Ra te
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

\:02_bulk..Jllu"n :'" 220ppm

Olld ~p := COoH_aiJ AT.d•Tsup•D1ank , A. 'l1k' OIl i-sue...COJi-i".... ,~-02_bu1l. _ gu. sl,)
Interate on the bulk air C02 concentration guess until it agrees with the calculated concentration.

x"u2_bulk_~lli~:= xtJU1{ Q . O:de
p
)

Aco2_hn lk_~.lc'" 222.38 ppm

Step 3 • Compare the OH Depletion Rate and Liquid OH Mass Transfer Rat e
11 Oll d I b d Ih CO2 absorption rate frum air is compared to the OH mass transfer rate on the liquid side.

•
rsvr. """';'1, •• ..,c;.:L'.• I ... - .p:r 'o'A_i w--
-~ r.I

TIIC rate at which OH is deple ted in the hulk liquid is

Olld..-p bull ~ 2·C02"...... lfiOfl. r"'_liq

The rate that OH is depl eted at the surface is

OHdep_,urf...., := OHd~p - OHd~p_b"lk

Th 0 11 rf d I st be equal 10 the rate of mass transfer to the surface

Step 4 · Compare the 0 " Deple tion Iolllie (0 the CO] MHIiS T rHlISfer HHl...
The CO) mass transfer rate should be half the surface OH Depletion rate.

no..",
Ac02_3mb· ClIir·Q"",u

1"r1..culc. - 0.382,-
OHdept;.k := OHtk"l'

,~.
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The depletion rate based upon (he Hobb s model is

o n o:!tpt.obts := 2~ lOb'C....·OwIllr FtooJOH....J.... -

4 mol
OHckp : 7.869 x to -

l'
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2.2A Tank 48"
i<hLl := 4

Q_ := QvI darn-
Tn~ :- T""p_.rI,

'k .

O Hd 1t.1 :'" OHIlI:Cdal~dmM

tliltl :'" 1982yr

At: '" 1986yr - t,tlU1

V,~p..n := &XJkgal•
mol,

100000--·'"

C03u l" :,,,
,..v_
•

C03srl. '" O.176M

C03~~lI< ;.. C03srl4
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Q := Q.rl dol.
'...,.

St 1 C I I te II I I Id Side MaNS Tran..ll'r RaI l'S

OHIiq_IlIllSI_lnIt>fI:l' := OluH_b'l(ATlill'T.ar •"'lI .A".nk.OH,w••Oil , .1ee0.;)
Ctl\n...un" l !n":= O\xu(t\TIiq' Tn p.1\q. A,....k. CO.\".lk.COJi...pe»)

t.' )1muu ru SfrU ", := (~:()U>q(t\Tliq ' T."p '1\q.A.:IlIIi.' Ol t..a• •OH•..IIlt'>l'C()~tIl. C03i~')
Step 2 · Ca lcula te 1M " apot Side OH Depleucn Kate

The OH deplenon nile based upon the CO2 IIUSS transfer rare is calcu lated.

ll,;oU...lt.--l\l~I := 75ppm

OJ ldrp := WoH ail(ATul' T~~P ·Duu,k.J\ank , ()H'J~eo.•.C03iJ.llm . ll,;o2..hUlk..,.._)

lnterate 0 0 the hulk air C( )2 conccntrauon Sues~ until it agrees wit h the calculated concentrano u.

( OHd<')ll,;o2_bulk~cak: :-::C xtmlk Q.- ,-
Jt,;o2_balksak = 76.667ppm

Step 3 • Ce mpe re the 0" £lloplt'lion 1bt1C' a nd Liquid 0 11 ~fa~ Tra mfer Rate
Th OH d I I t b sed h C02 absorption rate from air is compared to the OH mass transfer rate on the hq u ill side.

The rate at ....-hich 0 11 is depleted in the bul k liquid is
Olldtp_bulL:= 2·C02m_ _lfaIIskr_""

The rate that Of{ is depleted at the surface ls

OHlkp_wrfact' := OHdtp - OHdq-_hulk

Th OH rf d I st be equal 10 the rate of mass rrausfer to the surface

Step " - Compa re the 011 Depletion Rat lr to the C03 Ma-.sT ramrer Ra te
The CO] ma,~ Imm,rcr rale should be hal f the surface OH Deplet ion rate.

"""'2

-'co2_anob-C. i<-0 ..,...

F' r1 1.'llI1.' == 0.7K7- I"".

8-18 of 8-280



P"-go> 1 71 Of 4 4 0 01' DA06 0 2 3 33 3

IJ
"~.~26676 .... 1

, CAUSTIC DEPLETION JMI-NB-050l0l01 , Rev 1
MECHANISTIC MODEL

ENGINE;ERING NOTEBOOK

The deplerinn rate based u pon the Hobbs model is

OHJeptdJto:l := 2~_ari>.C",,·Q' ''''I· I).ooJOHo:!:ll ll)....
, mol

OHdcp '" I.om x 10 -

"
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2.2.5 Tank 490
id~ := 5

Qw..,, := Q••u ....
~.

Tq := Tu p_" 1-
OHdat a ~ Oils" dal l M

"'II
tSlart := 1982~1

&1:= 1983yr - ( ' IMt

v ....,..t := 600tgal,
mole

12lJ(J(J()--·6 '

COJm 5 := 'f'

Vs~psrI,
C03sris =. O,nSJ M

C03bu1k :: C038rl~
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1 C I I

Q := Q.n..daa

"'". ,
-, I (" "':""

.........,'!... • _ ~~

s

Oll liq I'....rcr := Ct\JH..h'l(.1TIiq'T"'p ' Oti'l ' A,;ank.OHdalll •OH, 'lIeU)
C03(~ ."Uf.n.r..r := Olc:m(ATuq.T~up ' ~i ll . l\ .nk . C0300lk .COJ,-JlUI:")

C02"u,,,U f.... f« liq ;= mcm _uq(AThq•T."p ' ~ i'l . I\ ...k.Olld",a' OH;Jue.....C0lt,un.. ,C03; ,um)

Sh' P 2 - Ca lculate the Vapor Slde 0 11 Depletion Rale
Th e OH dep lctio n rate based upo n the CO2 mass transfer la ic: is calculated.

~ol_htdk...I_. :- 90ppm

O~ := fLlt:lH..-.I:Jli.TuI .T.Mp' ~k.Auru..OHuu-,C03; 'ue'A'~"U...lkJU'o")
Imerate on the bulk air C02 concentrat ion guC'!. un til ita~1 "'ith the calculated concemrano n.

( OH",)
~_b<.Lll _uk :.., 1I.1>u'1..Q. - 2-

x.co2_hul.k..clk - 90.789 ppm

Step 3 · ComJulrt' the OH Depletion Rate and U 'lu id OH M ass Transfer Rate
Th OHd I based h C0 2 absorpnon rate from air is compared m rhe OH mass transfer rate un the liquid aide.

The rate at which OH is dep leted in the bulk liquid is

OHlkp_ballf := 2·C0 2"...",. Ir...rc..-Jiq

The rail' that OH is depleted at Ihe surface h

OHo.p_,,,rfa<e := OHlkp - OHdcp_bullr.

Th 011 rf u I I · I st be equa l lotherateo r llll.~~ tmn~ferlo thes urface

Slep 4 · Com pare the on Dt-p1d ion Rate to dll~ CO) Mass Trall\fu RaIle
The COl macs rransfer rate sbould be h alf the surface OH Deptenon rate.

Of""
l

lIo.'2_amll·Colif·~mt

Fut calc = 0.748
- "'"

ou, . I := 2F.n..d.u .~ IlIIIl·C.....Q' rllf
• "oep<U" .... .... -

OHdcpcalc := Olt.J.".-
8 -21 of 8-280
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The deplenon rate based upon dle Hobbf> mode l is;

OH_ ;- 2~amt..CI...· Q..~I( Fbot::tJOHd..J....
O~ ..., L.20) X 10' mol

y'
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2.2.6 rank SOH
idal. := 6

QW:IlI := Q.d d••
- -

T...p ~ TU\lcJrl
,~

OJl ll•1a :.. OH~rLdaU M
'i1."

t'lllltl := 1983yr

~t :"" 1986yr - t' lar!

V'IJ(" ri := 600kgnJ•
mole

l0000D- -&

C03l:orl6 ="" 'f'
Vu psrl•

cos-a, ",O.L32M

C~ :;; C03u16
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Q:=Q..l dm
- ' .I>..

SI 1 Ca l I te Ih I I uld Side MIl!tl> Trun.!ircc Rates

OH~_.-.. lnuIol"n := t1UCIiq(.1.Thq'T"",ol"iq' ,\.n:oOHoot••OHi..6lleOo~)

CO~TlI!I'_U-Ier := ",-'O)(.1.Tliq.T.......~ .Aw.•.C03t..lk . CO~...p",, )

COl..-_Ir-.fer Iiq := <i\nuq(.1.Thq' Tall" O"q.Ac...... .OH~•• .Oll i....J"f'".cO}Dd '. t.U\.p...)

Step 2 · Ca lcula te the Vapo r Side 011~plelion kate
The OH deplet ion rate based upon the cm ma~" tran sfer rate is calc ulated .

"coU"'IItJ~m ;=: 84ppm

OHd<p :....:; WoH..IiJ&.T>fl. Tsup•f\ant .A,ank. OH1--!1"' '"'C03iJ~hS . 1,;02 b\l lk I~~SS)
' literate on the bulk air CO2 conce ntrati on guess un til it agrees with the calculated co ncentration.

( OHd'l')
~bulk_<1k := xt...l~Q. - 2-

Xa.2...bu1..cak = 8S .617ppm

Slep 3 · Compare the O H Depl('tion Rale and Liquid 0 " MUM TraR'ircr Rate
Th OH d tenon rat b sed th C O2 ab sorption rate from air is co mpared to the 011 man tran sfer rate un the liquid side.

_0,
7'""r1. •• - ~ •.(.~....._ ......- -......-~. l.h.IP-JL.'.:-

~-.- - ,oJ

The rate at which OH i, dep icted in the bulk liquid is

OH....'P_bult. 7= 2·C02m..' _ln n fer hl(

The rate that OH is d epleted er the surface is

OHd"l'_~~rf......,:= 0 1Id~p - OHdep_hulk

Tl OH IT; d I st be equal to the rate of mllss transfer to the surface

Slep 4 · Compare me0 11 Depletion Rat.. 10 the C0 3 'Ia.ViT rall, r('r Rnle
Th e CO) mass transfer rate should be half the surface OH Depletio n rate'.

""'",
ll.c02_Imtl·CairoQ'<nl

OH~k: := OH~p
,~
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The depletion rate based upon the Hobbamodel is

OHdephoboo, :"-' 2=\.uZ amb'C lir' Qvcnt' Plwbb,(OHdalJ
'<4..

~ mol
OHdep = 1.069X m -

Y'
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2.2.7 Ta nk 39"
ioba.l := 1

Q' elll := QlfZl data,-
TiUP:= Ti"P_srl

'&.

Olld .14 :- OHsrLdala M
"~

tSlllrl := 1982yr

.1.1 := 1986yr - t~larr:

V""po" ;= 60CIkgai,
mole

100000--·..

C03f>rl1 :=
,,-

Vsupul,
C03m.1 "' 0-176:\1

C03t.ull: := C03!>fl1

B-2. of B·280
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Q := Q ,rl .dala
I ... ,

th L ' uid Side ~1ass Transfer RatesI C I, ,
• " •• l"'!'oo';: .......
~ ~ •. -jt:...:.., .'-. .-r- or ............ _

s

O HIi,unasU fl1ll>fer := eon Iiq(liT1iq•T. up.l1jiq' !\uk .OHd-.., O HiJU"",,)

C03m"" _lran h: r :-" Wc03(liTh'l ' T.up•~" ''''' '''l.CO\ulk .C03 i g\l,••.~ )

CO;"",,u nn<ftrJ iq:=- OOcoUiq(liTliq•Toup . I" ,!, I\""l ' OHdalll•OHi..!!"""" .COJbtl lk•C03U "e-.)
SIel12 • Calculate the Vapor Side 0 11 Depletion Rate

The OH dep letio n rate based upo n the C02 mass transfer rate is calculated.

Jl.,;"VlIIll-$ll" '" := 77 ppm

OHdcp := WelH_.u,(tt.Tsri' T"UP ' Dl;>l'k. A,."k' 01 [i--t:uess 'C03i..gu~.. ' Xo:n2_hulk.j\U""')

rnrcrere on the hul k: air cm concemranon guess unti l it agrees with the calc ulated concentration.

~
OH",)"co2 b u lll"aJo.: : ~ xt.ul Q.- -- - 2

Xe.:,2_b"lk_cak: = 75.1.) 72 ppm

Step 3 . Compare the OIl Depletion Rate and Li quid OH Mass Transfer Ha te
Th OIl d I . b d th C02 uhsorptien rate from air is co mpared to the OH mass transfe r rate on the liquid side.

The rate a t which OH is depleted in the bulk liquid is

OHder_hulk := 2·C02m"",_,ran d'er) ,q
The rate that 0 11 is depleted at the surface is

O Hdep_mtllC(l := O H dCP - OHdcp_bulk

Th 0 11 rf d 1 . sr be equal to the rate of mass transfe r to the surface

Step 4· Compare the 011 Depletion Rate to the C0 3 l\lass Tra nsfer Hate
The CO) OIa ~ ' transfe r mte sho uld be half the surface OH Depletion rate .

0"
z

FsrLcalc, == 0.789
,~
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The depletion rate based upon the Hobbs model is

OHd~pllobbs. := 2 ~_amb·Cllir"Q\'~nf FhObb~OHdllta)
'd'llI

4 mol
OHdep -"'9.971 x 10 -

Y'
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2.2.8 Tank 38H
i,J.tll.:= 8

Q~CIlt :== QiNLdata
'd. ..

Tsul':= TSlIl'_srl.
'dall.

OHdilta:= OH~rldatl M
'd il.

ts'"" :== 19X1yr

lit := 1986yr - tst:u:t

Vsupsrl := 600kgal
s

mole
100000--·'1

C03srlg :==
yr

VSUPSrl~

C03srlg == 0.22M

C03t,u.Ik:":': C03!U'ls
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, ,
~-'--=-". (,:'"e_

S I 0.1 uI 1b Li uid Side /\las.... Transfer Rat lnl

,
r , ----":'I

"'i .,. , --,~[::,,~
. ',::!

OHhq....rlll.._ltIIl.~r := CJJoH liq(.6.Thq' T"'p' ~><I .I\""k> ( )H...... . () Hi...t'Je:u)

C0311101lo, _ , .....r.... :.. IJ\ :m (ATliq .T.up•~;"I ,~uk . C03t.., l k . C03i I U~" )

C02.m....,,_I.. n'~rJiq := OOcou"-!(AT1iq•T, .p.~,q ''''llIlk' OHda1B•OH,...gue.. ' C03hlllk•CO]i-i""" )

Step 2 · Ca lculate the Vapor Side O H Depletion Rate
The OH depleti on rate based upnn the C( )2 ma~_~ transfer rate is calc ulated.

Xcu2_ball..Avc>' :" 77.5ppm

OHdep:= 0J0H_.;A6Tlori .T.II;1.l>t.r.....\aru..OHI~ .CO'_p l\& . Xr02_bollk-lueu)

Interate on the bu lk airem conccmratscn guess until it agrees ..nth the calculated concentration.

Xeo:Unlk_c.lc:= xt."~Q.o~)

Xeo2_b"~c.lc :: 78.] 95 ppm

S tep 3 · Compare th e OH Deplenon Rate and Li quid 0 11 ]\101. :<1.." T rll rL'ifcr Rate
TIt a l l d I r I h sed th CO2 absorption rate from air is compared 10 meOH ma~ tran sfer rate on the liquid side.

,

.,,, ' ~1JS::b :c'~c.:::..-...../._.... r:?

The rate ar 'i\-tl ich OH is dep leted in the bulk liquid is

OHdrp b.lk := 2-C02"....._U_ '=_6q

The rate tha t OH is depleted a t the surfa ce ill

OHdep_" ,rf-.:e := Olldep - OHd~p _b\l 1k

Th OH rf d 1 sl be eq ual ru the rate of mass transfer to the surface

S tep " • Compa re Ihe OH Ilrplt'lion Rare 101M C03 Mass T ra nsfer Rate
The Cal mass naosfer rare should be half the surface OH Deplet ion rate .

0"",,
~,,2 _ amb· Cair' · Q...,..

fOU1 aJc -= 0.782
- ,-

OH~. -= 2 Fwt....... ."'oJ._....II-Cai .. Q ' 'B1.... ,-
OHdf:p<"alc := Olldep

'..
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The depletion rate based upon the Hob bs model is

OHdephobb~" :", 2x,;oLullb"C;lir"Qvonr Plll>bt.lOHdm}
'data

$ mol
OHd("jl 0= LOO4 )( 10 -

yr
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2.2.9 Tank 43H
idq := 9

Q_ := Q..I_datll
'•.

Tf1lp := T,up_nl-
OHd•I. := oH3rLdal~ M

'd."

t.,1lJ1 := 1982yr

61 := 1986yr - t&tm

V.1 p-;r1 :", OOOkgal,
mol,

100000---&1

C03 ~r19 :", l'
Vn psl,

C03srl9 "" O.176 M

C03t.ur. ;:: C03~r19
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Q :: Q.r\..d.I;a-St I C I J I the LI uid Sidr M.. ~'i T nn",Jrr Ra tes

OHli li , l1 l~'oIj UlI/'. r..c := COoHJiq(liT tiq , Tu p• DhqoA,ank'OHd.l~ ' Oll,..&uc",,)

COJ,.,lllI ~_lr&ll'fl:r :: Wc03(liThll•T.up. llj 'q ' A,. nk. COlt,u lk. C0 3 iJ u",..)

C0 2"l".. rrln.tn Jiq :.,. 0\:<12J "l (<,\T hq•T'UP.llj 'll. l\ unk' OHdlL1.&, on, gUCOi" CO\ ulk' CO~J,uc..)
Step 2 . Ca lcula te (he Vnpor Side 0 11 Depletion Ra te

The OH depletion rate based upon the C02 rna~~ transfer rate i ~ ca lculated .

l,;02 bull I"~. ~ 83..5ppm

OHdo:p :.- llloH~...(~Tvl ' T wap. DIMk, A,. " k' OHi....r-• •CO~JWh .l,;o2_bUJll...gJ.onJ
I nterate on the bulleair Cm concen tration guess until it agrees ...ith the calculated co ncentra tio n,

( 011",,)
~_hulk..alc :: xtJu, Q' - 2-

Xe.a_INlk..<ak; ;: 83.875 ppm

Step 3 · Compan the OH Ut'pldion Ra te lind Li quid 0 11 'laMT ramftr Ra il'
Th OH d I ti I b sed Ih CO2 absorption roue fro m air is co mpsred ro the OH rruss trans fer rate on the liqu id side .

The rate at which all is deple ted in the bu lk liquid is

OHder_hu lk := 2,CO"-m..._lnIIl IcrJ Iq

The rate that Oil ts d epic ted at the surface is

OHd"fl_, urfoa::: OHdcp - O Hdop_butk

11 0 11 rf d I SI be equa l to the rate of mass transfer 10 the surface
--<>

:t:1}-:""~ .• _~lrGl:::rr.~
,,'

Stt p 4 • Cu mplI. t £ (he O R Depiction Kale (0 the CU ) Ma ss Traltirrr Ra te
The <:(H ma~<; transfer- rate shoutd be hal f the surface OH Depiction rate.

""'"2

x.coZ_uub-ClIIf-Q "C1I1

~..L~'" : 0.767....
OH~a := 2 Fvl...daIl · ~OZ_amb·Cllir·Q'mI

'dIl& i ....

OH <lcpcalc :: O H lkp'-
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The depletion rate based upon the Hobbs model is

OHdephobbs := 2Xoo2 arnh,CairQvenf Fhobbs(OHdalll.)
' dot>

1 mol
OHdep=1.I42x to-

"
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2.2.10 Tank 411l
idata := 10

Qvrnt:= Q",Ld~u..,-
T...,p := Twp_s,\.",

o~a := O Hsr1..Jkl.. M
'•.

t5t¥l := 191-:2yr

h.c :.. 1986}T- lsl.1ft

v ",pwi := 600kgal
'"

mol,
,.--OOסס12

C03sri IO :=
yr

V 'UP"TI
1O

C03u I1O = O.211M

C03w1 := C03srli O
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h L' uid Side "111 M; Tral1~fer Rates•." ... -,..,.....,
.'.....J{l~· c (J ••t~ -=

,

S1 I C I

. ..
"1 - n

1:D- r • .-IJ:T1:JIJ]'----. - ~

OH~Q.-,rla"_ll'amb :"'" K\lIUJAThq ' TSIlp.~. Aw.k.OHd• • .0Ili "'II~)

C03u-ur...>kf:= OOro~(tJ.Tli'I. ' T...p.~io:I'~w.C03t,.lIr. 'COJ....-)

C02m..sJTlllSIa' J "l :- (I~:o.U;'1(~Tlioj •T.up' o.iQ.Au".k . OHdaq . OH'...1:"""".CO~Ii. COJLf.......)

Strp 2 • Ca lcula te Ihe Vapor Side OH I~pletlon Rate
The 0 11 depletion rail' based upon the CO2 mass transfer rate is calculated.

~oJ..bu."~",,, := 91.Sppm

OH<lrp := O\JH_w(AT>1"1'T~u p . l.>t .<anl ' -\lJIk. OHi aues. ' CO\ --"lIe.. '~n2_hlIl•...tIl."')
lnterate on the bulk. air CO2 conccnrranr mgue~ s until it agrees with the calc ulated concentration.

( OH',,)
x..-o2_bulk_C&k: := xt.ulk Q' - 2-

J.caUrll lk...ak: "" 9 1.902ppm

Step 3 - Compare the 011 Dcoplelion Ral~ and LIquid OH ,'\Iass Tr.lI.'ifrr Rate
Th Of{ d I b sed h C02 absorption rate from air is compared to the OH nllm transfer rate on the liqu id side.

The rate at which 0 11 is depleted in the bulk liqu id ts

OHdqUJII.k:= 2-C()1.",-..tnIlskdill

The rate that 0 11 b depleted at the surface i ~

OHd"l'_wr1""~ :.:.0 OHtkp - Oll<kp_bulk

The OIl surface de ucrio n rare must he equal to the rare of mass transfer ru the surface

St~p" . ('(I m (lill rt" the OH IkpJction Rate to the COJ ;\la u T ra rr.(er Rate
Th e COJ It'I3S5ttan<;fer rare should be half the surface OH Ikl'lctinn rate.

.....,
x.:-02 amb·Cai r·Q"u l

J1~, 1 ,alc ::: 0.745
,~.
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~ mol
OHdep == 1.251 x 10 -

Y'
The depiction rate based upon the Hobbs model is

OHdel'hubb,. := 2:xwz .amb·Cair·Q~eJl\FhobbS(OHda1a)
'um
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3.0 EVAI,UATION OF HANFORD WASTE TANKS

JMI-NB-05010101 , Rev 1

Z~olilb :=

3.1 CALCULATION OF OH DEPLETION 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 RPr-26676. The temperature Data wereobtained from TWlNS2005, Tank Waste Information
Network System Waste volume were obtained from TWINs 2005 anti HNF-EP-0182. Waste TankSummary Reportfor Month
Ending July 31, 2007, Rev 220.

3.1.1 Tank AN-l04
The OH and waste volume data is shown in Figure 4-1. A ."lummary of the hydroxide data is provided in RPP-26676. '[be average
waste volume during the period of evaluation is

VWillitc_an4 := 1052000gal

The sludge volume is

V &ohdun4 := 44S000gal

The supernatant volume is

V", := V wa8l e an4 - V lIOlid~ an4, - -

V,up = 607kgal,

,,=,
zsulid. :;; 161.584 in

The AN-I04 Waste temperature profile is shown in Figure 4·2, TWINS 2005. The TC 17 and TCI8 temperatures are shown in
Figure4-3. The average dome and supernatant temperatures based upon these thermal couples are

T,up_an4:= 91.6F

Td"""'_1Ill4 := 83.2F

AThanfmd = SAF,
Figure 4-4 shows representative supernatant and dome temperatures forTankAN-I03 which has a simi liar heat load and ventilation
flow. The average temperature difference is

ATan] := 2.28SF

AThanford := ATan],
This is similiar to tank AN-I01 and is more reasonable for a supernatant without a crust. The Tank AN-I04 temperature difference
is an indication ofa crust at the supernatant surface. Figure 4·2 shows the elevation ofthe 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.

L.:""'um4 := 20in

The erust porosity is assumed to be

E:= .02

This is an emperical value applied to all crust tanh.
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T",p=Hne := Tdome 3n4+ t.Tl1anford, ,
T".p_an~ = 9L6F

The initial OH concentration is

4.05M + 3.84M
OHhrnford dll1~ :==

2- ,
OHhnford dll1~ == 3.945M- ,
The primary tank ventilation system flow rate is (Section 5.1 0.1),

Q~~nt := 132cfm,

mol,
20000--10jT

C03 t := 'f'
V.up,

em l = O.087M

idal • := 11

ii := 1

DtiUlk:= 75ft
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Q := Qnnt
•

OHdl'~ := OHhan furd dar.- .
C031lti1k := C03ii

Stc 1· Calcula te the 1.1

CO\ ..l\~m = 7.834 1'.1

Oil liq_masumn skr ::=: 00011 liq(ATliq•T""p ' L.:m'<1_8n4' E·Alank•O Hd.lta' OHl....ltIJCSs)

C03ma""_trand~r := rilcm (ATUq' T.;~p . Lcru, t..an4 ' E·.'\AtIk.C0 3t.ulk.C03 i-B""''')

C0 2,ull,'Ulau,recliq := OOcm_liq(ATl;q.T.up' L.:ru'\l nn4. E- A" ml< 'OHdau ' OHi...8U"'" ,CO\ulk' C03u """, )

Step 2 · Calcula te the Vapor Sid" 0" Depletion Rate
The OKdepletion rate based upon the CO2 mass transfer rate is calculated.

Xw2_bulk-iue:<5 := 299ppm

OHdep :=c O\..lI,-ai~ t\TIl. M....d
j

• T.up• Dlanx• ""'"nk. OH,...J!uc•• , C0 3UlUC" " Xo.:ul..bu11t....g""",)

4 mole
OHdo:p = I.059 x 10 - -,,-
lnterute on the bulk air CO2 concentratio n guess until it agrees with the calculated conccmrenon.

x..vZ_bulO._("alo; := X!,Ulk( Q. O~dep )

Xoool_bu lk ca lc =299.69 ppm

Step J . Compar e the 011 Depiction Rate a nd L iquid 011 Ma ss Transfer Rate
Th OH d I I' t b d on the CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

•

~:=1~":'l.i-~[¥.M.:t1 ~g
- ~7

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

O Hd.p_hulk := Z.C f >2m"",_trander) iq
TIle rate thai OH is d ep leted at the surface ts

OHde p_.wfllC~ := OH d. p - OIllk p .bulk

Th OH rf d I st be equal 10 the rate of mass transfer to the surface

Seep" . Compa re the OH Depleuon Rate to the CO) Mass Transfer Rate
The C0 3 mass transfer rate should be half the surface OH Deple tion rate.
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ond~p_an4 :'" OHd~p

O HDepletion Rate
The OHdepletion TOl le Is rwtcc tilt: c~ rure and given by

OHdefl
OH..... hRfnnI ........... := - -

.........- _· ,.;uo- " I V

'''',
- 3 M

O~JunimLQ£Ilcrl =4.607 x 10 -
, l '

The maximum OH d eple tio n rate is

2-\:0.2 aJr.b·C~r" Q,,"(- ,
OH...w......... := - - --:::------'-

M
OH"'ep~ax = 0.D28 

l'
The depletion rate ba sed upon the Hobb s model is

2x..v2.. llmb· C ait· o-,l · F~obbJOH~.ford dlQ )
--------::~' --','-------~,O~ lwlfOfd_h<t.h< 1 :=

V$'P,

2

Xc,,2_-,,-C m-Q>'CIU
1

Ft..ufo:;Ula:~1 = 0 .3 11

~u2 Ib·Cair-Q_ ,
FlIaa fct1Ll'Id~Q l = 0.168

OHdepcl1c_ := OHd"P
'd Ol'

OHdepdata := OJ-!&rJ Wlfol"d_daU -Ysop
'dll' I 1

Olld"",. 0= On"..
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"be depletion rate based upon the Hobbs mode l is

OHMrhnhh< := 2X..:'02 Wllb'Coi,O rhobb ~( Olldal~)
,~.

Ffgure 3~ 1 . AN·l04 Caustic Depletion Data.
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Figure 3-2. AN-I04 Waste Temperature Profile,
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Figure 3-3. AN~104 Wasle Temperatures.

ANI04

JMI-NB-05010101, Rev 1
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3.1.2 Tank AN-lOS
The OH and waste volume data is shown in f-igure 3-5, RPP-26676. The average waste volume [or the evaluation period is
V W""le_""5 := 11 ?6000gal

The solids volume .HNF-EP-0182 is

V,oliduUl5 := 538000gal

The supernatant volume is then

VsuP2 :== Vw",;(oj_1Ifl5 - VwliduUl5

V'UPz == 588kgal

The annual supernatant and dome temperatures are shnwn in Figure 3-6, TWINS 2005. The large temperature difference is the
result of a crust floating on the supernatant. The average temperature temperature difference (dome/supernatant) from Tanks
AN-I03 will be moo for AN-1 05. This is justified since the AN tanks have simihar ventilation flows and heat loads.The average
dome temperature from Figure 3-4 is

Tdomc unS := 81.6F

Tsnpemale := 90F
a

Figure 3-7 shews the elevation of the top Riser 17 Te in the supernatant. The difference between th is elevation and the waste level
is the maximum crust thickness.

L.:rusUm5 := 19in

The primary tank ventilation flowrate is for the time period shownin Figure 3-5 is given in Section 5.10.1.

O,onr := 132cfm,
The initial OH concenration From Figure 3-5 is

3.93M+ 3.51M
OHhlllford dala ;=- , 2

OHballrord data = 3.72M
a

mole
4000- ltjyr

yc

V~p,
CO~ =0.OI8M

ii:= 2
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T . up := T .u l"'mato•
UHdllll. := OHhan1ord dllli.- .
,

"':1 • '7"""'r.:'l~
~~rj"~-...!...:...~

C()\u l ~ := C03i i

S I C 1 I te th L" Id Stde l't1HS!> Tra llhfer Rates

CO}, g Uf!<$ "" 10.064 M

OH1iq_m.." _!,,,n, lcr:= ll!oH..liq(S l"hq' T ' UI>' LCI~CllJ) 5 ' E'l\ lII ~ ' Gilda/I ' OHCg""••)

C03m ll.,"_tran,rtr := wCOl(.1.T1iQ, T. up'~ru<u,, ~ , Eo J\an~ . CO\"'lk,CO\ .I-U, .. )

C02", llSU lwu. I<:r_liq :..... Wt:U2J iq(6T1,q. T. up' L.."TIJ.1 ailS. E·1\...... .OI ldata•O IIC.glk'S" C03t,ul~ ' C03;..~l"''' )

•
.......-r1. _ ,'" ._.J'l~:::'
~.::JI==,("",::::,..-~~~"'}:l.l[)' ~

Step 2 • Calcula te the Vapor lSide UH Depletion Rate
The OH depletion rate based upoo the C02 mass transfer rate is calculated.

x.....Z_bul.l..Jla.:oi. := 298.ppm

OH""r := OOoIl_ai~~ThlJl fMl
2
' T,up. ,",lII1k' AWlk•OHi..J1um, C()3i..J!"~·'" x,...,2.,bU11r...Jl ""'..)

4 mole
OHokp ::: 1.1 14 x 10 --

"lnterate on the bulk air C02 concentration guess until it agrees with the calculated cuncent rntiun .

"wZ_bulk_cok := xt.'l1{Q. U: d,p)

"wVlulk_cok = 296.562 ppm

Step J • Compare the Oil Depletion Rate lind Llquld all Mass T ra nsfer-Rate
Th OEI d I b ed h C02 absorption rate from air is compared to the OH 1ll1lSS transfer rate 0 11 the liqui d 'tide .

The rate at which OH is depleted in the bu lk liqui d is

OHdep_bulk :=; 2·C02,,""' _lransfe,-li'l

The rate that OH is depleted at the surface is

O Hdcp_iuriocc := OHd~" - OHdcp_bulk

Tl OH rf d I . Sf he eq ual 10 the rate of mass tra nsfe r to the su rface

Step 4· Compare the 0" Depletion Rate to the C03 Mass T ransfer Ra te
The C0 3 mass transfer rate should he hal f the surface OH Depletion rote.

B-45 01 B-280



F"g~ 1 98 o f 440 Of 0A06023333

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

OHdep_1lII5 := OHdep

OH Depletion Rate
The OH depletion rate is twice the CO2 rotc and given by

OHdep
OHdcp-lllDford ogden :=--

- ii VsuP.,

The maximum OHdepletion rate is

2Xeo2 amb ' Cair ' Q~enl
- .
M

OHdep max = 0.028-
- l"

The depletion rate based upon the Hobbs model is

2~2_amb'C airoCJvent ' FhObbs(OHhanfOrd_dala.,)

-- - - - - - -:''',--- -'-- - - - -'''OHru,p../umfurd.)Jobb<. , :=,

M
OHdep_hanfonUKlbb,.. = 0.024-

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

-.i M
OHde, hanford dan := 7.57·10 -

- - ii day

M
OHdep hanford data, = 0.028-

, l"

OHder_hanfurd_dala :"" OHdep_max,
OHdep_hutord_data.

• ,V
sup2 ;;

xco2_OIIIb·Cair· Q vent•.,
Fhanford datl" = I

- "

OHdep_ hallfurd_ogden .
• ,V

suP.2 •

\:o2_!lIllb' CairoQvcnc
•

FlwlfonCogdcn., = 0.176
•
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i~l~ ;"" 10 + ii

OHdo:pl: ll~ , := OHder
~

OHlkpdll.l., :=: OHdtp_""n fnrd _d~I:a_ ' V.up, _ I I

OHdep...s :-= OHd~P

The depletion rule based upon the Hobb~ model is
OHdtphobbt :.=: 2x....-a......b·C... Q ...hubbJOHdoU)-

Fi2ure 3-5. A~~105 <.:nustic Depiction Data.
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t"i~ure J.6. AN-l OS Waste Temperatures.
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Fi~u re 3~7 . AN~10.5 Wuslc Temperature Profile.

JMI-NB-05010101. Rev 1
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3.1.3 Tank AP-IOI
The OH and waste votuee d.na is sho wn in Figure 3-8. RPr-26676. The initial waste volume (at the time of the 2000 sample dall)

"
V 'onIIle_"'r'1 ;'" 1t 13kgal

Tbe final waste 'VOlume is

V....l<liIo:-.Jl>lJilll ;= 403.4in·"I~k

The sludge volume, HNF-EP-OIS2, is

Vsolidu,p l := °8al

The average supe rnatant volume is then
V.....u:~apl + Vw_ _apUiul

VSU;J :=, 2

V....., ;:: 1.112x lalkgal,
The annual supema tant and dome temperanrres are shown ill Figure 3-9. NTh'S 2005. The average snpematant is

T....Ulpt ;~ 66·P

The average temperature difference

&Thanfunl := O.O IF,

The measured 24 1-AP Tllnb Exhauster 2%·A-40 flow rates (2&99-61324. 2E990 1821, 2E-99..()247 I . 2E-99-62 695, 2E.()()-471.
2E-OO-IJ I9. 24 1- AP Tank Sud.Air flow) from June 24, 1999 to July 24. 2000 are shown in t'igure 2-3. The a-verage stac t. flow
rate fOf this period Us. 887 Acfm The ve rml ation flow rate for the indi vidual tank~ is not known . The ventila tion flow is .1AAUmed to
be equal ferthe eigh t H l·AP Tanh. Thus, venutanon flow rate used for the hjd mxide depletion evaluation is 111Acfm.

The primllf)'lank. YeIll ilat ion flow rate is, RPP-291l06

Ovo. ;= III elm,

The initial OU concentration shown in Figu re 3·8 is

O .::2".4.::3M:::..'c..::2.::34;.:M::
HtI&IIfonl ,wa :-=- , 2

O Hhmfont datil = 2.385 M,
mol,

300>:)- -· ISyr
l.U3:3 ;= )oT

~ V...,
ii:= 3
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Q:-= Q . Cn l•
T,up ;-= r,up_"pl

Olldall. ;= OHlwrlh d d"'.- .
,

'"-"!1 • '":--" ......
.!... ,-_-. < ::,1...L·~·.."':

00\ "11< ::'= CO);;
Sk I Cal I te h I I ld Slde Ma ss Tn ul'ifer Rates

, ,
....,."

£..ih..-·r:-....• '~'..)..]([~
~ ~,.. ~

,.<1

003;....,_ ':= 0.261 At

OHliIlJlla>urllldcr:= Ul[ll Uoq(ATh'l ' T.up ' 0.''1' Aw,1<. OHdat. ,Oll~}

C03.m.'\!, .lron,fcr;= Wcm(li.Th'l' T""p' o.i'l '~.onI< . C()\ull< .C03i CllClI.)
C02m...",_lr.n,ferJ i'l := 00c02_1i 'l(aTliq' T,up' Dh'l ' t\llIIl , OHdol" ' OHI.,Jluc!Ili' C03mJIl ' C03i""uc~\}

Step 2 · Calcula te the Vapur Side OH Dcpteu ou Rate
The Oll depletion rote based upon the C02 mass transfer rate is calculated.

\;OVlullt...guau:= 135ppm

Ollokp := trloH--.{AThat.lord)' Twp ' Ot. nt . A.1Il1<. OHiJ,uc,, 'C03;. '_'\:02 bW.l....uc~)

4 mole
OHdtp .;;. 3.322 )( 10 --

Y'
lme rate on the bulk air C02 concentratio n guess unlil it agrees ""ilh the calculated concentration.

( OH,",)
~_bUIk....cak := xhu lk Q,- ,-

x.."'02_bulk...calc = I 34.92Kppm

St lt' l)3 · Compare the 0 11 Depletion Rate a nd I,hluld OH f\.hl S.'l T rlln'ifl'r Ra te
Th OH d I t' b d th C02 absorption role from air is compared to the OH mass transfer rate on the liquid bide.

,
.,..._ _~..., _-,'IT:
• :"'-,~ n ,~(1')"":1 [',. _ •- --~'- ........ r.?

TIn; rate lit whkh 011 h depleted in Ihe built liquid is

Olld~p . b.Il. := 2·C02m-_InllJrtrJJq

The rate thai OH i5depleted at the surface is

O Hdtp_""nace:= O H"q. - 01-4v_bull

The OH rf d I . 51 be equi l in rbe rate of mass transfer to the surface

Slcl)" • Co mpa re the 0 11 Depletion Rate:10 tiM' (:0 3 Mass T rlll'L'ifl'f Rare
The COJ mass transfer rate should be half the surface OH Depletion rule.

B-51 of B·280



page 204 or 44 0 or DA0 6 0 2 3333

R ~·~76 Rev 1

CAUSTIC DEPLETION
MECl-W>llSTtCMODel

ENGINEERINGNOTEBOOK

JMI·NB-05010 101, R9Y 1

on DrpltooaKalE'
The OH depletion rare is twice the Co, rate and given by

OH",
O Hd.."p_haDbd ordn _:= --

R VIOlJI•

. , M
O H dop.llwIfOfd_<J@;den,. = 7.H'12 x 10 -. "
The maximum OH depletion rate is

2~o2JlIlb'eU! ' Q. mt..
•

M
OH.!..p mu =O.Ol 3 

>T
1be deelenon rate based upon the Hobbs model is

2"c02_arOO·Cair· CJv.:1U.,; f\..t,.~OHbElnfatl_ob',J
OHdep_h",,-tonLhobb>. :=

M
OHdt.(UWltmi~ =; 0.01-

• IT
The caustic dcpleno n data is shown in the figure below. Th e depletion rare is

0
., M

O~ hanford diu := 5.94-) -
- • Ii d",y

M
OHdepb:lllfotd_dal' = 0.022-. ,.-
This exceeds the maximum dep letion rate for the assumed venutano n flow rate. The dat a value will he set [he the maximum value
for cnmparisun with the calculation.

OH.u,p_hur..ml_~ IlU. _ : = O~-4I _"""
•

The carbo n dioxide absorption rate based on the Hanford O H COTKeDbation dat a is

OH~..u..~..,
2 - 'VIIIP•
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OHd'P_h onfoo:l_~d""~

2
' V'\UI',

•
Fhanr"....1 ogden :0=:

X.u2. a",u,Cwr·Q",,"(- "
•

Fhnr(>f('-~d"" . = 0.625
•

id11a := 10 + ii

OHd"pcalc, := OHd•p
'..

OHd•pd•Ul , := OHd<."P_hanfw LdlLl l .V".1'
'do,. • >I

T he depletion rote based upon the Hobbs model ts

Olldephobbs := 2 J.,;02_.mb,C.u,Q·Fhobbl;(OHd•lA)'olI,.

Figure 3-K. AP-IOI C~1UStiC Depiction Data .

I • '10

I
•

405.0 403.4

~ 3 ' 00
..•c s:

0 U

" §.
~- 2.43 0;c 2.34• • 5u •c
0 'I '" ·S.94SE·CS.>l. + 4.604E+CC

~0
:l: 2 390 ~0

• Sample Data
_ Waste Lever
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Ffgure 3-9. AP·10l Waste Temperatures.
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3.1.4 Tank AP-103
The OHand waue Y'Olume date i~ shown in Figure 3-9, RI'P-:26676. The llver:lge waste eclurre is
Vwt'U_.If'3 := 282000ga.1

The sludge volume, m.."F-ENll82, is

VWKlI--"PJ ;= 0sal

Thesupema rant volume is then

vIlUP4 := V .......l~_~p3 - VsolidU "l"

V:IUP = 282kgHI,
TIle annual supemet ant and dome temperatures are shown in Figure 3-10, T\\1NS 2005 . The a~rage supemarant is

TIOl'_ap3:". 66-F

lLTb..1il«I := O.Ol F,

The initial OH concentration shown in Figure J·IOis

O.56M + .49/1.1
OH"""fuo-d dal. :=- • 2

O~flJfl! dll & ", 0.525M,

mole
200C>0------· 15yr

y'
V.up,

ii:",4
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Q:.. Q' U I•
T...,, :" T••,_",,3

Olldala ;: Ollbanford .lara•
,

:(;1" -- -, c':' ,..;:.,~~t ......

C03t.ulk:= CO},;

S I c I I til L' ' d Side ~"'s~ Tra nsrer Kates

CO\.,ueu = O.43K M

Ollbq..n...uran.fer := O\:nU iq(AT1iq•T~up .I~ . Aur.k' OHI1II... OHtJlun. l

C03m.'_lrm fu := ~"UJ(..r1TIwj' T...p.l\q.Awk .CO~lk .C031~')

C02,lllN II..""" liq := Cl:t'oljiq(AT1iq •T,ur·~"I ·Aun..·OHdal• •OHu ueU'Co.3t.il'CO}, CW )

, ,

lb! -.~ ",---"-- ~~.J~ B e::::::
• ... _ • ..J r~'

S tep 2 - Cetcutate the Vapor SJde OH Deplerton gate
11lC OHdep letion rare based upon the C02 mass transfer rate is c.lculaled.

~_~....JIED:= 13Sppm

OHdrp := McllCai{ATIwl Iord• •T~p.~...l. Aw-.k.OH; 1~ ·C03i""~" -'oa1_lN"'''''''''''')

Ol ldfop = 3.322 x 1 0~ mole
IT

Interate on the bulk. air CO2 ccucenuan cn gueo;~ unnl il 3grees \loith Ihe ca lculated concentration.

"-'02_bulk_u k := ~hllt{Q. O~dtP)

"co2..bu!k..t. lc = 134.928 ppm

Step 3 . Com pa re the OH Depletion Rlite a nd U quld OH Ma ss Tran..~rl' r Rate
Th 011 d I b sed the Cln absorption rate from uir is compared 10 the OH mass tran sfer rate on the liqui d side.

,

~ "1 ~ -~.a:::uP
-~ ;:J

The rate at which OH is dep leted in the bulk liquid is

Oll dfop .booll :'" 2·CO'..... ~_'.. u lff_hq

The roue that Oll is depleted at the surface is

OH dtp__url....: :" OHikp - Ol l~ tNt.

l be OH rf d I SIbeequal to the rate of man Irdnllof~ 10 (he surface

Skp" • Compare the OH IJepielion Ra te 10 the C03 \tass T ramfer Rail'
The CO] ma~~ transfer rate should be ha lf the surface OH Depleucn rate.
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OU Depletion Rate
The OHdepletion rate is twice the CO2 rate and given by

OHdep
OHdeP_hanford..ogdc~ := --

V,uP.

V~up,
•

M
0Hm:pjjunflX,Lugdeo

j
= 0.031-

Y'
The maximum OR depletion fate is

2Jl,;(l2_arnb·Calf, QVCOI.

OHdep_mll1 := -----:0----'

M
OHdep rMx = 0.05-

- Y'

The depletion rate based upon the Hobbs model is

2~o2.Jl1Db·Caif· Q,'en\' Foobb:;(OH11Wlfc....l_dUl\ )
OHdep_hantor'Chohh~" ;=

11 VSUP;i

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

OHder hanford...data := 5.585·10 -
- II day

2

Aco2_amh· CairQven(,
•
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OHdep hanford .ogden .

2
• ·V,up"

"
FhaJItbr'lCogd~lI" :=

Xeo2 aJllb'Cair'Qvent." .
Fhilllfur<J_ogdeo _= 0.625

"
id!ta:= 10 + ii

OHd"pcak, := OHdep
,~.

OHdepdntn := OH.rep_llanford_data 'V~uP..
' d... II a

The depletion rate based upon the Hobbs model is.

OHdephOOb•. := 2~"2_wnb·Cair'Q·r'hobbS(OHdata)
'...
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Figure 3-10. AP·I03 Caustic Dep iction Data .
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JMI-NB-050 10 101. Rev 1
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3.1.5 Tank AW-I03

The OH and waste volume dala i~ ..holllt.... in fli gu~ 3-12. The a\'e.age waste volu me is

V",,..:e ..3 := ) !I1JUl·-'! "" t,
Y'nS'%_1.,,3 '" 1.099 x 10 kglll

The 1IIudl,"e volu me, HNF-EP-Ol82. is
Youtid...._ 1 :=- 27."H:gaJ -+ 40kgaJ

The supernatant volune iii then

Yf\lP, :=- V-*_...3 - V""ilUJ...-J

VI~P .. 785.843 kg31,
TIle annual supernatant and dome temperatures an: shown in Figure 3-13. TWCiS 2005.The average supernatant is
T~__ s > 65·f

.H hanl"oJnf ~ O.05F,
The waste temperature profile is shown m Figure 3-14 . There is no ind ication oh sepemarane ern&!.

The primary lank ventl lalion nowrare il'i.(Table 5-1)

~Ilt :'" 139dm,
Q.UI '" 139clm,

The initiaJ Olt concentration shown in Pigure 3-12 is
O,826M .. ,765M

O H hp fcrd dl llL :=- , 2

OHhlnfocl dlla =O.796M,

v..."s

200J0~.20yr
IT

C03~ :'" - -:""''--
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Q '~ Q.....

T.up:= T,,,p ...,3

OHdoI,,:= Ollhanford dn
•

,
~Ir-~. ~-~-

~ ~

I

C03t,..~ := C03;i

S t (' I I dI LI uid Side l\.1a!iS Tnno;rn Ra tes

OHhll-l~ ""'_\T"''' r". := UloHJ "l(AT1iq•Tcul' . ~ ,q . ~ank . OHdala , OHt..Jl\ll."n)

C0311Wl,_u. n' frr := CJ\cm (ATbll ' T"'1" Dj;q.1\...k. COlt,.,lk.C03i.s\J5.)
C<Jl..".•• ,!JUd e< liq := 0l002) iq(AT1iq .T' "I'. I,,"l' Au.ru, .OHdaIl.... OII.....ucn. C0Jootk. CO); ,.-)

St ep l- Cah:ula te the Vapor Side Oll lkpidion Rat e
U le OH dep ictio n rare based upon the CO2 man transfer rate i ~ ca lculated .

~02 bull .-:= II Oppm

OHdt!" :::: WrnI_an(AThanbdi T...p. Dt.....I\."•.OH; 1_- (."03;,.,peo., ·~bU~')

Interarc on the bulk air C02 concentration gue~~ unnl it agrees wi jh the calculated conce ntration.

( OH,,,)
Xo;02 buliult: :::: ltouIk Q.- 2-

~02 bulk u ll: == I OX.6R5 ppm

Step J • Compa re lite 011 Depletio n Ra lto and Llquld 011 'in ..Ttlln..ter Rate
Th OH d I I' t b sed the CO2 absorpnon rate from air is co mpared to the OB mass trausler rate on me liqu id side.

Th e rate Ilt which OU is depleted in the bulk liquid is

Oll dcp_butk := 2-e02m"",_rn nol" J iq

The rate that 0 11 is dep leted at the surface h

OHdt"p...urf",,'~ :"" OH""p - O lldtop _bulk

Th OH rf d tenon rat fol be equal to the rate ormass transfer In the su rface

Step ~ - Co mpare theOU Depleuon Ratto 10 IfM, 1.U3 .\-Ja..... n aoot'r Kate
The COl man transfer rate shuuld be half the su rface OH Dep let ion rate.
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011 ~pI~tjon Ra~

The OHdepletion me is twice the COz me and gieen by

O Hat p
O lldcp_h",.r"n1 OC<JtlJ .e - -

u v....,.

M
OH~p_~uf<Il'IU.!dcn ,. = 0.016 -

• Y'
The maximum OH depletion rate is

2Xe.J2_amb·Cair ·Q..'e ftl
il

OH d; p_U1;lA : - ----:::-- - ---'

M
OH" , Jll U "" 0 .022-.. Y'

TIle depletion rate based upon the Hobbf> model is

2lw2_rd>.C... .~'O;..~. I\oob{OH~..fontd"aJ
OHdep hantM!Jw;JbbIi := - - - - - -7,- ---'------"-

- i V!<\'l' _
•

M
OJ.! · "",,,funi I~ = 0.016-

.~- ;, yr

The caustic dep letion data is sho....n in the figure below. The depletion rare is

- s .\t
OHo.lcp ,l ll4IIfQnL dal,,_:= 3.69-10 -de

• y

M
OH~ ,hinl'wCdala.. :-:: 0.013-

• Y'

TIle carbon dioxide abso rption rare based on the Hanford OH concent ration data is

OHd"p_h....rllId_d ·~1

. V~IlP
2 •

FIwll'\l!lt (lat. = 0 .603
- ii
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o~ ,."""fMl_l>g<b..
a.V""p

2 •

lIaa._amtI·C.,,.~

Ft"Pt'ocd_~. = 0.698

id31 :l :: 10 + ii

OHdep<".Ik := OHdep
Id, ..

Hee-2tiO/ 6 Rev1
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TIle depletion rate based upon the Hobbs model is

OHdt'r''1lH>:l. := 2Xeol....amb· C.li,. Q-I\ot.t.JOHd~IJ....
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Figure 3-12. AW~103 Caustic Depletion Data.
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Figure 3·14. AW-IOJ Waste Temperature Profile.
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3.1.6 Tank AW-I OS
TheOHand waste volumedata is sh" ....'J1 in Figure3-15. lbe n emge waste volume is

I53.6i n .... L'i2in
V""..a.e "",5:= ~an.- 2

V""alle_a..S= 420.81 kgal

The sludge volume, HNF-EP-o 182. is
Vg,/lduw'l := 263kgal

Th e supemerant volume is then

V~p := V.......~ I ....~ - VooIidi ali'S· - -
Vs~p = 157.81kgal

•
Tbe annual supernatant and dome temperatures areshoYm in Figure3· 16.TWIN'S 2005, The a\'erag<= supernatant is
T,.,,_IWs := 61·F

AT1........ :_ -o.OlP
•

The IAo VJe temperature: profile is shown in figure3-17. There is no indication of a supernatant ClUsl.

The primarytank ventilation flow rate is (Table 5-1)
QVI;l1l := 139d m

•
The initial OHconcenre noe silo"",. in Pigure3-15 is

0" ,_ 275M + 262M
..... f("n U..I~ , - 2

OHh""ford..dila = O.269 M
e

ii ;= 6
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Q:= Q.~ni•
T~up:= Tn p_l",s

OHum ;= OHhWlfoo.l datu
- .

C03bulk := C03ii
S 1 Ca l I I 1 · ld Slde Ma.s... Transfer Rates

O H\iq_ma:;unu l", :=- 000H..b4(~Tlill' T....p. Dt;q .i\;rnk'OHd,~~ ' OHi og u e.~)

C03,na,u raru. fe, ;-=:- COcm(~Tli q . T,up' [ ~ iq . Alank . Co.\u l k . COJi.J\UC")

C02m....._tr.'''f"r_b4 := Wcm_li4(~Tb4 ' Tsup . llj;q' ~.n\:; ' OHdal l• OHI g~" .CO:\' ulk . c..'O]i-iUe",)

JMI·NB-05010101. Rev 1

Step 2 · Ca lculate the YU(JUr Side 0" neptencn Rate
The OIl dep letion rate based upon the C02 mass transfer rate is calculated.

llc02_bulk...gu""., ;= 259ppm

Ol ldep ;-=:- 0J0H _Ri{ fj.Tlunfoo:l
ii

• T.up•D.an\:;. Alanlc •OHi----l!ue"" . C0 3i-l'u"" ' \:1I2_btl lk-llUC~")

Interate on the bul k: air CO2 concentration guess unti l it agrees ....-ith the calculated con centration.

\:lI:Uull..."uk::= XbUl{Q.O~dep )

llcdLbulk_cak = 260.469ppm

Stt"p 3 · Compare the OH Depletion Rate and Liquid Ofl l\b ss Transfer Rate
Tl OH I I ti t b d th CO2 abso rpt ion rate from air is co mpared to the OJ[ mass transfer rate on ti le liqui d side .

The rate at wh ich O H is dep leted in the hu lk: liquid is

OH.J~p_b ull< := 2·C0 2,""-"'_lfw"foIor_liq

The rate that OH is depleted at the surface is

OHdcP.Jiurfocc := OHdcp - OHd.p_bulk

Th OH me de I t "on rare must he equal [0 the rate of ma~ s transfer 10 the surface

Ste p 4· Compa re the OH Depletion Rate to the 003 Mass Transfer Rate
The C03 mass transfer rate should be hal f the surface Oil Deplet ion rate.
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Vaup"
•

OH ~pltdon Rate
The OHdepletion rete ts twice the co, rate and given by

OHdep
OHdtp Mlllwd o~ :;:;; - -

- ;; VSUI'
•
M

OHdt'pflntord~08den_ == 0.031 -. ,,-
The maximum OH depletion rate ill

2Xe02_~mb · C;1j r" QnulM

Olldep_mn :""

M
OHlitpj lnlOtOIOlt>l .. = 0.072-

" ,,-
The caustic depletion data is shuWIl in the figure below. The depletion rate is

- s M
Ol~ep huford data := 1.12· 10 -

- ~ ;; day

- 1 M
OHdfl'JlilJlrord data = 4.091x 10 -

~ Ii yr

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

OHdePjlanfDn1_dal.~
,Vsu p'

2 •

.Ilco2_lllnb·Cai•·Qv< ....i

t-'hil-1lord daia = 0.037- .
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OHdep hanfln C ui<Jell

ij

. V~up

2 "
Xeo.2 amb"ClUr" Q'ClIl-- .

i.w.:= LQ + it

O~.1c := OHdep...
OHderdJla, := Ol I.t.p_mnWd_d.. .VS\lP- . .

""" -26676 HeY I

CAUSTIC DEPLETlON
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ENGINEERING NOTEBOOK

Jf.4 I-NEUIS010101, Rev 1

The depletion rate based upon the Hobbs model is

0H.icphobbs, := 2Ac02 omb " Cli r" Q" FhoJbb ~(OH"'..a)
~l",
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Ili J:ure 3-15. A'V-I05 Caustic Depletion Data.
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Figure 3-17. A' ''-105 Waste Tem perature 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 since the data is corrected for the dilution of the nnnte addition

V wash,,_ay2 := 639000gnl

The sludge volume, HNP-EP-0182, is

V8oljd~_ay2:= 151kgal

The supernatant volume is

V"p := V,,,..sle ov? - Vsolid, ay21 _UJ~ -

VSllP == 4SS legal,
The annual supernatant ami dome temperatures arc shown ill Figure 3-19, TWINS 2005. The average dome and supernatant
temperatures are

Tsup_ay2 := lOOP

8Thanford := 3.lF,
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

QWllt := 425cfm,

The initial OH concentration (Figure 3-18) is

l.055M + .846M
OHhanford data :=- , 2

OHhanfollCdati) = (J.1J51 M

mole
600ll0--·15yr

Y'

ii:= 7
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Q :..: Q~cm

•
Tsup := Tw p_ay2

OHd. l>I:= O H 11Iu, f"n:l.Wil a
•

C03 bulJr. := C03iJ.

SI I I Cal' I t th r I id Side MH SI> Tra nsfer Rates

O H liqJTlaslu ransf.:r := WoHjiq(~Thq . Tnp '~lq . 1\iUlk ' O H dati , O H,..{tue'lll )

C03tn ... . _tr.".fer :"" 00c03(.1.Tliq •T' "p ' ~iq . ~;U1k ' CO\ulk' C03; sues<; )

C02n'l6:uron,fcrjill := ll\."'OU 'Il(~Tlt'l ' Tsup•Dliq•""""Jr.. OHdal... OHi.j(uc,," ' CO]bulk. CO] i.j(U"" )

Step 2 · Calcula te the Vapor Side Ol f Ijepletlon Rate
The OH depletion rate based upon the CO2 mass transfer rate is calculated.

x.: o2_bulyu"s. := 97.5 ppm

OHdep .e ClloH .'i ~~T1J.1Ilford••Tsup•~Mk' ~ank ' OH Lxl>ess' CO \ ..xue.. •x,;oL bulJr.JueS'i)

Interate (In the hulle air CO2 concentrat ion guess until it agrcc5 with thc calcu lated co ncentration.

Xe"2_bulk....ca. .. := XbUlk(Q. O~okp )

~.a_bulI'-';:..ko "" 97 .973 ppm

Step 3 · Compare the OH Depiction Rat e a nd U quitl OH Mu ss Tran..rer Rate
Th OH d I ti b sed th CO2 absorpt ion rate from air is compa red to thc OK mass transfer rate on the liquid side.

The rate ut which OH is de pleted in the bul k liq uid is

O H del' .bulk :"" 2 ·C02m"", trom,fer liq

The nile that all is de pleted at the surface is

O H dcp_m ace := OH,k p - O Hdcp_bulk

Th OH rf d I I' I ~ I be equal to the rate of mass transfer to the surface
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OH ~plelionR:de
The 011deplelion rare is twioe the~ rate and given by

0""",
O Hdrf ,hanford "Id~D . := y-

"".
M

OHdcpJuford_ogden" "'00.08-
" Y'

The maximum OR depletion rate is

2~amb'Cllir'Q~ca l•

M
OHd..... ~ub'1l Ilobht. == 0.081-

-r_ - i yr

Th e causne depleti on data is shown in the figu~ below. Th e depletion M e is

-4 M
OHdep " 1lllU'd~ := 3.58·10 -

- • day

M
OHd.:p_hiolll.fcro~dl.I" , = 0.131-

• Y'

OHdep_h.nfoo:Cd. ta.. :== OHde~uua•
•

This exceeds the maximum depletion rare far the assumed ventilation flow rate. The maximum dep letion rate will be used to
compare to the calc ulation

2
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Ft,~r..•'CUK..u.;, = 0.728

id..tl := 10 + ii

O ll4epnle, := OH dep
J ~.t11

The depletion rate based uponme Hob bs model is

OHckpbobb~ := 2~02_Il£'b· Cair· Q- r'hubb..(OH....J
'..
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F igure 3-18. AV~I02 C~I Il!d iL' Deplelion Data,
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Figure 3~20. AY-I02 Primary Ventilation Flow Rate.
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Ccrrecuon ofOH Data
Figure ]·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 returned to this tank later in the evaluation period. However, this water layered on top of the supernatant and did not
significantly effect the bulk supernatant OH concentration. This dilution affects ofthe nitrite addition only will be used fur the
fourth point.

The supernatant volume for the first data potnt is

VoUup,:" 639kgaL- Vso1ida.-ay2

The supernatant volume for the 2nd points is

Vol_suP2:= 667kgal- V..,Hd._ay2

The supernatant volume for the third point is

VOI_suPJ:" 677kgal- Vsolitl:l....ay2

The correction for point 2 is calculated.
The measured hydroxide concentration is

OH2 :== .85M

The number ofmole of hydroxide is

moleoH =OH2·VoLsuP2
The hydroxide concentration without the nitrite addition is then

moleoH
OH2 init =

- Vol_suPl

VoUuPz
OH2 inil:= OH2·

- VOLSUPI

OHU nir = O.R99M

Similiarly, measured concentration at point three is

OH3 := O.785M

Vol_supJ
OH3.jnil :== OHJ ·

VOCSUPI

OHJ--.inil == O.846M
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3.1.7 Tank AY·102
The Oil and \lo'3~tc volume data is shov.n in Figure 3-21 . The initial wasce volume d uring the period l$ u~ ror lbe evatuarjon stece
lbe data j$ corrected ror mc d ilurion of .he rumte adtlitiun

Vw.ue_~2 := IM in-At.. ...

V...... ' t_",2 = 457.163 kgal

V ~nHd\ :: atn.A !llII k.

VSOhd ~ '" 22.032 kgal

The supernatant volume is

V~IlP, := VWaYole_"'/l ~ V""lidll

V'lU1' = 4.' 5.l31 keDI•
ATh ,lUId :. 4F•
The' prilllAC)' lank ventilation sytte m now rare (Excel file 702_AZ_no ..s) in 2000 and' 200 1 is sho u.ll in Figure 3-23 . The average
ever lhh period is

Q " 0--, ,
The init ial Ott concentration (Figure ) -21) is

c5,,86M" '=-::+-,.44= 1Me.:
OHhl~Jml <lUI :=- , 2

OHhF.J""'U ' I" = O.SI3 M

mol.
50000- -· 1Syr

yr

ii := 8

8-79 of 8·280



F"g~ 232 o f 440 Of 0A0 6023333

RPP ·26676 Rev 1

CAUS TIC DEPLETION
MECHANISTIC MODEL

ENGINEE RING NOTEB OOK

JM1-NB-05010 10 1, Rev 1

Q :=: Q.enl
i

T ,up :=: T.up_.~2

O Hdll• := O Hhan1....CdoWl.,,
CO\'uJk :=: COJ;i

Ste 1 Cal I te U I " Id Side MaSll Transfer Rates

O H1i'!-m... _I ....n'tt'r :=: C!\)H_liq( 6·.Thq• T sup ' ~iq ,A-unk' O Hdall ,OHi.J!\ICl;s)

COJIIllS>_lnul:ofcr := rocoA6.T1iq•T,up.l:>Jiq.Aw,... .C0 300lk ,C0 3j gu"!)

C02muurandeUiq := CUc02_1iq(l\T1iq•T "Ip ' ~iq .A,.nk. OHdiilll .OHu uc•• •C03t,ulk ' COJ...ll"""")

Step 2 · Calculate the Vapor Side OU Depletion Rate
The a ll depleti on rate base d upon the CO2 mass transfer rete is calcu lated.

Xeo2_bulkJUCll<:= 91.7ppm

OHdep:=: O)OH_ai~6.Th/lMocd. ' T ~\lP' Dunk. A, ank' OH i .t ue.. •C03i. 8U:''' ' \'02_hulk-tue,,)

Interarc on the hulk airCrn crmcentrarion gues~ until it agrees wit h the calculated concentration.

x,,:u2 buJ... cal' := xt.u (Q.OHokp )
- - ~ 2

Xe.:a_bu l\:_~1c =: 91.713 ppm

S tep 3 · Compe re the au DepIction Rate and Liquid au Mass Transfer Rate
Th OH d I b d h CO2 absorption rate from airis compared 10 the 0 11mass transfer rate on the liquid side.

,
~.. " ..~_._~... _L~
.!...tt.":'~"-:J -~ li!J -,-

.c

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

OJl dorl'__bulk := 2·C02m ,... .Imn, fer ,Iiq

The rate that 0 11 is depleted at the surface is

O H dCPJ urfacc := OHdcp - O Hdcp_bulk

Th OH rf d It · t ~tbeeq u [\l tothe mteof ma~s r ransfertO lhesurface

St ep 4· Com pa re the on Depletion Rate to the CO] Mass Tra nsfer Rate
The CO) mass transfer rate sho uld be half the surface on Depletion Me.
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OH Dt-pldkm Ra~

Tbe OH depletion rate is twice the C~ tale andgiven b)

OH""
011..._ IH,"~d --'rn := - -

""'1'_ -~&~ Ii V
.u p~

M
OHJ~pJI...r'llLogdeD Ii = 0.092-

'I'
Thc maximum OHdepletion rate is

2x.co2 amb·C. i, Q""nl- .
v""•

M
Oli..lrp 111M = 0.124-

"'tte depler ton rate based upon Ih~ Ilobb~ model i ~

2 Xe02_....".C.,;,-QYffJ.. Ftm.~OHbnb-d .11I,J
OH<kp 1IIl1b d_bDl:>b._ ;=

•

M
OH. ~mbd bobbs = 0.086-

.~- - Ii )1:

The caustic deptenon data is she ....n in fhe figure below. The deplet ion rate is
} M

OH..... hanb'd du := 1.05·10 -
""'1'~ - ~ day

M
O Hdep..hanlool dlfll.. = 0.384 -

- . 'I'

OH dCP..hllnful,U llla. := OHdep_flIl!JI

This exceeds the maximum depletion rare for the assumed ventilation flow rate. The maximum depleti on rate will be used to
compere 10 the calculation

The carbon d ioxide absorption rate based 0 0 the Hanford OH concen tration data is

O~JWIIR'1t.~
.V....I'

2 •

lml.JlDb·C u ·Owut•
li..-ftJl'd_<Jll1,k,\ = 0.145
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idau := 10 + ii

Oll""pu lc := OH,kp
'd."

Olld~r-i'I~ := OHd~p_hanfQr<:Cd.tl : V' lIP.
'....'" . .

The dep letion rate based upon the Hobbs model is

OHdtopll,*"", := 2 Xeo2_amll"C ilr' Q- FhobbJ UHd•1a)
,~

F i2ure 3-21. AY· I02 Ca ustic Depletion Data.
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Figure 3-22. AY-I02 Waste Temperature Prolile.
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Figure3-23. AY-102 Vapor Space and SupcrnatantTemperatures.
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3.1.8 Tank AZ· IOI
ii =", I)

'Ibe OH and waste 'o'OlulIMI dllu it> r.hown in Figure 3 -24 ,RPP-26676. The &VC I'll~ _~le w.lume duimg 1he period of evaluation is
V..._ _u l := 91Hnlgal

'The sludge vo lume. I Ir\"F·EP~1 82 , is

Vonlidc~~t := S2000gal

'The supernatant volume is

V""P . := V...alte _ad - Voohds_&<l
•

Vrup_.", S64 kgal
•

The an nual supem aten t temperatures are she..n in Figure J -2.5.. ru'lNS 2005. The average supernata nt temperat ura are

T"' I'_IZI:= 140·F

There is not a ...aPlJr space temperature. The average terope rat nrc d ifference for all Hanford rann ~ill be used (Sec tion 3.3 )

ATl:ufo:ll :; 2.OP
•

The p.imary lank venti lation ' ystcm " ow rate is (fucel file 102AZ_flows)

Q_ ~ 149dm
•

The inilia l OH conc en tration (Figure 3.2 4) is

OH ._ O.9M + .127M
....ford_d a'.a~ .- 2

OHh.anfO!'d data. "" 0.813M- .
SOOO~'lO)T

'fi
V IIJ p

"
emu l '" 0.015 M
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Q:""" QVffiI

•
£:Il.tI._ c- IT~~

I

T"'r :'" T",p_""1

CO~ulk := 003112.1

5t 1 C I I t th L' id Side Mass Trans fer Rates

C0l;..,guc," =- 0.367 M

OII~V\l"UJ8n,fa := OOoH_liq(6Tliq•T""I"~iq .At.nk.OHd",a .OH; gu~"'l )

C0 3m.... _,ru ,It,. :'" C!\.>m{ATliq•T ,up. I~ >q ' <\""k' CO\ ulk . C03u """" )

C02m.t:iUfllJl, ferJ iq := WcOlJiq(.iThq•T,up' ~iq ' At. uk' Olld' IK' OHi s"e", ' CO\ulk ' C03i gUO'SS)

Step 2· Calculate me Vapor Side UH Depletion Nate
TIle OHdepletio n rate based upon the CO2 mass transfer rate is calculated.

It.co2_bulk...,gur,,,, := 48.S·ppm

OIldel' := O>oH_w{~Tbanford, ' T'''p '~o.n.k . At.anl.DHLg"m'C03igu~.. . Xe02 .bul. &ut"5)
Interate on [he hu lk air C02 concentrat ion gue ~ s unti l it agrees with the calculated concent ration.

( Olld" )
XeoLbulk_~a1~:= }l. t>Ul \ Q.-,-
x..v2 bu lk..calc = 48.525 ppm

Step 3 • Compare the UH Llepletion Rate and Liquid OH Ma ss 'rransrer Kate
Th OH d I . h sed h C02 absorption rate from airi s compared to the OH mass transfer rare on the l iqu id side.

The rate at which Ol t is deplet ed in the bu lk liqui d is

OHd~P_h\l lk := 2 ·C 0 Zma.',IUfill;;teC llq

The rate th at Olt is depleted at the surface is

OHdo:P_. Ulfa<.ll := OHdo:p - DHdo:p_bul.
Th () H rf d I SI he eq ual 10 the rate otmess transfer 10 the surfa ce

Step 4 • Compar e the 011 Depletion Rate to the C03 Mass Transfer Rate
The COJ mass transfer rate sho uld be ha lf the surface 01 1Dep letion rate.
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OH Depletion Rate
The OH deplet ion role is twice the COl rate and give n by

0"""OHdc:fl haJl fMj ogdm :. -
- - ;0 VSlJp.

•

M
OH.".... t.qfgnJ hOOba '" 0.016-'"'-1'- _ . yr

The caustic depletion data is shown in the figure below. The depletion I1l I~ is

Q(~lep 1lwOOU d.n.. := 4,O l .10-~~
- - . day

M
0H.t..".J_ ftrd_d>.r1,. = 0.OJ5-. ,.

2

lI.c:02_ao''b·C'''Q-~

FIl.u>ford dall ;; 0.672
. .
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OHIkp _ll ll:llord_o, :icll_

- - --'----:- - ---'" V2 - n P
i

Xe o:!_. "b'eLii Q""nt.

l)q,llfmd_ogdf ll" =0.865
•

idm :=: 10 + ii

OHd.pc.olc, := OHdep
'd".

The depletion nile blW.'iI upon the Bobbs modet Is

014.-", := 2""" ~b· C.,QF,-.(OIl,..)
'•.
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Figure 3-24. AZ-JOI Caustic Depiction Data .
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3.1.9 Tank AZ-I02 (219510 10101)
The OH and waste volume data is shown in Figure 3-26, RPP-26676. The evaluation is hroken up into two periods. The first is
from 2/95 to 7/99) The average waste volume during the period of evaluation is

('Y27 + 997)
kgal

2

Vwasle_al2 == 962 kgal

The sludge volume is (Hanlon 2003)

V.olirl:Ulz2 := 105000gal

The supernatant volume is

V,up := Vwnsl~ llZ2. - V.u1i<l, .<210 - .-

Vsnp = 857 kgal
ro

The annual supernatant temperatures are shown in Figure 3-27 , TWINS 2005. The average supemaant temperature is

TS\lp_~:== J1O.9F

The vapor temperature is not available. The average temperatue difference for all Hanford tanks will be used (Section 3.3)

Ll.TliaDford ;= 2.0F
ro

The average dome temperature used for tile evaluation is

Trlorne_az2 :== Tsupat2 - AThanfordlO

The primary tank ventilation system flow rate is (Excel file 702AZ_f1ows)

Qvenl := l02cfm
m

The initial OH concentration (Figure 3-26) is

.OUM + .02M
OHhsllford data :==

- III 2

OHhanford d:ua == O.0l6M
- '"

5000 moLe. 1Oyr
yr

v.,
ru

C03..d =O.OlSM

ii:== 10
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Q:= Q'~lI l•
Tn" := T. up_",d

Co3wJ.. := C03.....

S it' 1 Ca l uI te the I I uld Shle Mass TCllI lbrt'r RaI('S

co~ ..- = O.262M

, ,
~""C1 V-r""'· ..~_n,}n":'jH-~~

,- - y

OH li'l-m~lnInSb := OloH~liq(.6.Tliq .T1up. l\q· Ao......OHo!w.011, .•_ )

COJO""" _lmI~fIoT := mc:-m( It.Thq ' T~up ' DI1q • 1'\......C03oon. •COJi_I\teII.)

C02mllS,_rran<r.. rJ i<l := WCoU iq(.6.Tliq•Tllrp'~iq' A,""k' OHJ>.l,,' OHu u"... C0300lk .CO\.g-.~)
Step 2 - Calcula te the VApor SIde OH Depletion Rate

The 0 11depictio n rille based upon the C02 mass transfer rate is calc ula ted .

"-:oUWJlt ..,glll'u :-'- 34.7·ppm

OHdep:= WOtc...(aT....nf<lrd••T<Ilf'.lltaol:.. "-...OHiJ.,,c~ .COJi l IOn s ' ~2_balt-tIle"')

I,llcrale on the bulk ai r CO2 concentration guess until it agrec~ wuh the calcul ated concenrrenon.

_ ( OH",,)
"-:02_blJJk_'aJc :=~Q' - 2-

lI,;aJ~buIk_,aJc = J.t 4M ppm

Step 3 · Compa re the ()H Depletion Rate and Liquid 01 1Ma ss Trand'er Rate
Th OHd I b ed h CO2 absorption rate from air if> compared to [he 011 mass transfer rate on Ihe liquid dde.

The rate at which OH is depleted in the bulk liqu id is

OHdcp_bua. := 2·C02,u..uran.r~Uiq

The rate that OH i~ depleted .11the surface is

OH"",,_surfac.r :~ OHckp - OHdl:p_buJt

Th 0 11 If: d I I' I !>I be equal to the rate of mass transfer to the slIrface

I
Step'" Compare (he O H Ikpltdon Kate to (he 003 Mas5 T nfl!>fu Rat e

11le CO] ma~s lran~fer rate should be half the surface OH Depict ion rate.
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O HDf.pletion Ra te
The OHdeplction rate i ~ twic e the C0:2 rate and given by

OHdep
OHdrpJ •.lObd O¥dm := - -

• VloOp_
•
M

OH4=ll--"w1full.~ = O.oI4-. "
'The maximum OH deplet ion rate ia

2~o2 ....·C..,·Q>'\"&l
OH""''-'1\8 := - w

Y~,•
M

OHoJ~PJ!\iI]; = O.QI~ 
yr

The depletion rare h used upon the Hobbs mode l is

2x.:oLamb·C,.j(Q..,nt".' F'1Iobh:o(OHhanfon:l_dat.J
OH"" baIltom hobbs := - - - - - - -'---'----- --"

- - n V
~'.

~3 .M
OH~t' ~ L,m:lIJobl,S =6.659x LO -

- - I }1"

The ca ustic depictio n data is shown in th< 6~re below. Th e depl etion rate is

-s M
OHlk:p.Jwdonl.d&la := 1.14·JO -

~ day

_,M
Olloc,--""nfUR!...<lal.. = 41 M- x IU -• 'T

2

Ac02_II" b·CM "OnUI.

~fufd <W I = 0 .277
- .
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OH.x,...barJ...._t.Tb.
·V

2 "'\i
Phan11lfll_,,..u.. ==

XcoJ2_1lI11t" Cair .Q-u.•
•

Ft-f<>td_og<Ien. = 0.904
•

id. , . :'= 10+ ii

OHJ~.le := OHdep'..
Ol~l.u := OHdep_hankvd...4Jlll"Vn p.'..... . .
The depl et io n rotc based upon the }-l)hbl> motJd is

~hobb', := 2Xe02....,'b'C.,j, 'Q FbootJ'OHd..,,},-
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Figure 3-26. AZ-102 Camille Depletion Data.
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3.1.10 Tank AZ.l02 (7(2002 \0 june 2005)
The onlIntl waste l;ol ume data ill llhown in Figure 3-1" , RJ'P·26676 . The lIYentgc ..astc volume du ring tile period of evaluation is

V""1~_"2 :~ 996000gal
The sludge volume is (Hanlo n 20(3)

V~>hd S-"t2 := lO5(X)()gaJ

The supernatan t volume is

Vm, := V,. ..tc ll:I.2 - Vso1i& u2
11 - -

The annu al supernatant te~1Urcs are sho wn in Figure J ·I S, TWINS 2005. Th e avenge supemaent temperature is

T"'P_w :'" IIO.9F

The a\iCl1lgt temJlet'1lture diff~~nce for all Hanford tanks 11.111 be used (Section 3.3 ,

ATt ..1ord ~ 2.OF

"The a'o'mljo,'e dome temperature used for the evatuanon is

T~c .u:= T...." .u2 - ~TIL.r.bd- --.,. 10

The primary tank venti lat ion system flow rate is (Excel file 702AZ_J1 oW$)

Q "ffl t :~ 102cfm

"
TIle illilia l OH concentration (Figure 3- 14) is

.l 76M + .1I8M
Oflhl"f<Wtl dl" := ",,==-.,e==

- II 2

OHhlfl forll dlt~ = O.147M. "
mole

5000- - · ]Oyr
yr

COJ.ld =0.Ql5 1\1

ii :=- II
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Q := Qvmt

T.up:= T~p_az l

C0300I~ :"'" COJad
Ste t el I t th Ll id Side Mass Transrcr Rates

CO\..- .::. 0.261 M

OH1iq _",,""",_l l1IIImt := CIJotuiIl( .1TIiq.T""l' .Duq ."an~.O~..a.()H,...I"""')

C03 ~u_b :"'" ((J('m (t.T1i'l.T...p . J >tiq .I\w,CO~IIt..coJ-, .-l

C02ma _Ir;...... ler_b~ :~ UltU2~bQ(.1.T1iIj' r.up' Dij'l.A.an~ . OHd..... ,OHi...lun • •CO~n..C03LJlOeU)

Step 2 - Calcula te the vapor Side OH Depletion Ra te
The OB depletion rate based upon the C02 mass transfer rate is calcula rcu.

Xeo2_I>uI ~Jue~ :"" 34 .7·ppm

OHl1cp :"'" rooH~w(6.Th."lrnv r.up' DUon!o. ·l\,anl ' OHL-iYeS. ' C03lJU"U' ""02_bu lk ..g'....)

lnterate on the bu lk air CO2 concentration GUes.<; until it agrees with the ca lculated conce ntration.

( OH dep)
kcoUu:k..,.calc := xt.-u lk\.Q. - 2-

~w ~_<. "" 34.465 ppm

Sk'p3 - Compa re the 011 Depletion Rate and Liquid OH Ma~ Tran<;rer Ra te
The OH d I b sed he CO2 abscrpnon rate from air ivcompared to the OH mass tran sfer sate on [he liquid side,

•
"

~ u ~ -.:::;l":-:Tr.J:1~
-- i';/

The rate at ....-hich OH; <; depleted in the bu lk liquid is

OHl1cp_bull := 2·C02nI...._tr.m l fo:" J iq

Th e rate that OH is dep leted at the surface is

Ol lokluud~ := OHdf p - OHd"tU' Ul k

The 011 rf d I tol be equal to the rate of mass transfer 10 the surface

Sl~p 4 - Compa re (he ()H Ikpledon Rate 10 the COJ ;\Ia!>s TnlO'irer Rale
The CO] mass transfer rate sho uld be half the surface OH Deple tion flue.
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OR [)rpl~tiOD Ra te
The OH depletion rate is twice tilt C~ R ic 1W1I given by

OR...,.
OH.'-o h;ulf..,,1 ....dca := - -

- y - - .... ' V• WP
ii

M
OHdc:p-""" fool.~"ll~n, . = 0.013-

" jT
The maximum OH depletion rille is

2x,,1l2 <lInb·ClIir·Qv.nt
. .
M

OH", IlWl ~O.O l4-
- jT

The dep iction rate based upon the Hobbs model is

2"w2_adl·Ca.i:.Q........ .P~OHI:mf<JrlL4 ;..J
OJ Io.p ,bu.r.w J:OOtos , :;;: ------"'---'-----''-

n V.n,
•

- a M
OHdop llebllJlollhs == 8.738 )( 10 -

- i ~

The caustjc deplerion data is /Shown in the fii.'lte be low. The depleuon rate is

- 3 M
OHd;p lur. tord lllU.. := 5.22·10 -

- ~ . day

2
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.Vs~p

2 •

lIcn2_am b-C.. , Qven1i

Fball r\)fL~dt~ri = 0.904

id" a := 10 + ii

OHdt pc:a1c := OHdep
" ~
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3.1.11 Tank AY-IOl
The OH and waste volume data is shown in Figure 3·28, RPP-26676. The average waste volume during the period of evaluation is

V WlIS1e_ayl := 66.12in· ~;mk

Vwast e_ayl = 182.094 kgal

The sludge volume is (Hanlon 2006)

Vo;o1id~_ayl := 96kgal

The supernatant volume is

V", := VWII51C ayl - VliOlids llyl
II - -

V.up = R6.094kgal
u

The annual supernatant and dome temperatures are shown in Figure 3-29, TWiNS 2005. The average supernaant temperature is

Tdo=_:ayl := 80F

From GOTHanalyses

h.Thanfurd := 9P
u

The average dome temperature USN for the evaluation is

Te" .,1 := Tdomc :a~' l + dThanfuJd
- - 11

The primary lank ventilation system flow rate is

Q.,.•nl := 340dm
u

The initial OH concentration (Figure 3-28) is

3.09M + .782M
OHhanfml dal ~ :=

- 12 2

OHhanford dan = 1.936M
- "

mole
60000--·15yr

Y'

e0312 = 2.762M

ii:= 12
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T....p := T...p_a y1

OHdoll l :'" OHhanford..dlltll.•
,

....... ",.r";"I"'l.!.i.! _. ,n..;-.:.--~.:

CO\ulk := COJ I2

SI I C I u1 I th LI ' d Sidf' Mu~ Transfer Hat('!l

OH1iq..INj,luramrcr := lJloICbQ(AT'I<I ' Taup•0..'1 'J\.nl. Oll dll• •OIIU .uf...)

C03m" ' _'IIIlSfW'f := (t)cm(AThq' T<UfO' n.;q . 1\.nk ' Ct)3t.u~ . ro.3uu.:s.)

C02r_a_\nelUer_liq := IllcoLLq(ATliq' Taup•r>t.q.Au.nt. . OHdata •OH'JI,," .CO:\'ulk ' c...'UJ'JlI<S.)
SIt"P 2· Ca lculate the \'apor SIde U H Oepletlon Rate

The OH de pletion roue based upon the C0 2 mass transfer rate is calcu lated .

J'OOU"lk~ := 60ppm

OH.J., := <dr:HI_"~6 Tbanlcrd,'T"'p' Dt..... I\... .Ol II...iI,Qlo 'CO},~"",, ~OU"Ik . &Uns)

Interare on the bulk air C0 2 cencentratic n guess unti l it agrees wilh the calculated concentra tion.

( OH",)
"o::02._OOI. _u" := ~I. Q'-2-

Xeo2_.....J. _calc = 60.J68 ppm

Step3 · Com pare the all D!:p t"llon Ra te and Liquid OH l\hlss T ramrer Rate
11 0 (1d I ti I b d Ih C02 absorption re te from air is co mpared to the 0(1 mass trans fer rate on the liq uid side .

The rail" at which OH is depleted in thc hulk liquid is

()HdepJ,ul. :'" 2·em......u ...II,fo,Ja'l

Th e rate th.u OH is depleted at the surfac e is

OHdfp_..mcr := OH d..." - OHdrp3"'lk

Th OH r£ d I t' I ~ I be equal 10 the rate of rna" transfer to the surface

Step " . Compare the 0 11 DepidloD Rate to the COl Ma ss Trurefer Ratll'
The C03 mass transfer roue should beh.llf the surface 011Deple tion rate.
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011oPpIHton Ratf!
The OU lkpletio n rate is twice the CO:! rate and given by

011"",
OHikp loo.ll'lW ~ := - -

- - ;; V'~I' .
•
M

OHrl"fl_h>lllfonCogden.. = 0.416-
• Y'

The maximum OH depletion rate is

2x,;o:2_111TJb·Cair · Ovent
u

OHokp.Jou :=- ---:-;--- -'

M
OH dtf_t.u lor<U.""IK_ = O.3g4 -

• Y'
l 1te causnc deplenon data j ) shuwn in the fjgu~ below. The deprenon rate i ..

- 3 M
OHikpJ-r..d d.... := 1.12·10 -

- • day

M
OHdr p_hllrlfmLdall.. =- 0.409 -

" Y'

The carbon dioxide absorpti on rate hased on the Hanford OH com.:entration data is

OHd"fl_hanford_dmli
.Vr,u p

2 •

".002 amb·Ca;(Qoml:.

f llWJnl <J.a.
a

= 0.819
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OHdep cond return

V'II!,;;

~2_amb·Cair·QvCIl)

FcolllLretum = 0.516

idata:=; 10+ ii

OHdepcalc :=; OHdep
'do<t.

s mole
OHd~datR = 1.333 x 10 --

ldu. yr

The depletion tate based upon the Hobbs model is

OHde-phobb.. := 2-\:02 amb,Cair,Q· Fllollb:« OHdatu)
',1.1>
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Figure 3-28. AY·101 Caustic Deplelion Data.
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Ffgure 3-30 Tank 241·AY· IOI Waste Level.
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Figure 3-31 Tank 241-A Y-l0l Primary Ventilation Flow.
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3.2 AVERAGE DOME AND SUPERNATANT TEMPERATURE DIFFERENCE
The temperature difference between the dome and superatanr is not know for the SRL tanks. The average ofthe three Hanford
Tanks (UUIIU Include the Aging waste Tanks) is used in Section 3.2.

12

L AThaIl fnrd,
i=1

AThallfoI<.Lave:= '-''-'--.",--
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4.0 LADORATORY HYDROXIDE DEPLETION TESTS

4./ lNTRODUCTION
A series ct test were performed in the laboratory to evalua te the effec ts ofCOz ab sorption on low hydroxide samples contained in
beakers. FH.{)302630, Repon on the Evaluation oj Potentiometric Titrations to Determine llydroxidt , The se data are used to
benchmark the hydroxide depletion model presented in Secti on 2.0.

TIle tests to measure the COz absorptron rate from vials used 1.5 to 20 ml. scinrilfarion vials which contained 10 mL of .01 M
hydroxide solution, Hgure 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 thatthe samples were in thermal eq uilibrium with tbe ambient air.

Figure 5-1 Kelly Carothers Nnvember- 14. 200S E :maiL

Donald Ogden

From: "Oqoen. Donald M" <OooakCM_Ogdtm@RL.gov;o.
To: ~mogcIen@iCeN:1use .net>
Sent: Monday, November 14, 2005 8:07 AM
SUbject: FW : Core 317. Segmenl18 OL eva1ual ion

---· ·Original Message-----
From: Ca rothers, Kelly G
Sent Wednesday, November 09, 20057:45 AM
To: Ogden. Donald M
Subjec t: RE: Core 317, Segment 1RDL evaluation

Don.

The referen ce with the da ta is letter FH-0302630. "Report on the Evaluation of Pote ntiometric Ti trations
to Dete rmine Hydroxide." Tbe section on the carbon dioxide a bsorption effect o n h ydro xide starts on
page 25, lf yo u have a ccess to R..\1IS, yo u can 'dew the report th rough that database; otherwise I can fax
you the 3 pages of the report with the discuss ion,

The beakers used in the rest s were 15·20 mL scintillat ion vials with 10 ml, orO.OI M hydroxide
solution. Th e in ternal dia meter ofthcse via ls is I inch . The neck is narrower, bu t the solution would be
at the I inch diameter region.

8-105018-280
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The hyd roxide depletion rate basal upon the CO2 abo,orpt ion tees are ~hown in Figure 5 -2_ Measu rements were obtained every 20

minutes. The OU- io n de pletion rate is calculated for each 2U minute penod as she ....n in Figure S-2 .
_ ~ M

Oll.kp hlb := 6.J.l0 - -
- I mill

., M
OIld"I' I. b := 6.78·10 . -

- 2 mm

. , M
OHJ~p lab := 7·10 -.

- t nU ll

OH,ial := .0096951\1
•

OH'ial := .UU!W3SM,
OH...al := .OO708M,
OHvaI := .00068M,

Figure 4-1 COl Absorptio n Test Data.

,
0 .0 12 0 .0000 6

0.01 0 .0000 7 ~5-

~ • ~8 •" O.OOB 0 .000 06 ~e •
E : a:

c

I
• .0u 0.006 0.0 00058

~

c • OH Concentration Data !
• •
" -.-OH Depletion Rate Q

0 .004 0.00004 •a "11 •0
~ •
" 0.002 0.00003 "I ~

"
0 0.00002

0 ' 0 20 30 40 50 60

Time (minutes)
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4.2 CO, ABSORPTION TEST INPUT PARAMETERS

Input parameters for the C~ absorption test are given in Figure 5-1 and FH-03()263f1. The inside diameter of the vial is

Dvia1 := I in

The surface area is
2:rtDviai

A vial :=- ---
4

A,.iaJ == O.785in
2

The vial used for the test is shown in Figure .'i-3. The volume of the right cylinder below the neck is

VviaLcylinder:OO Aviar( lin l fin)

VviaCcylinder== 24.132 ml

The sample volume in the vial is

V. ilIIlp1e :oo Il)ml

The sample depth is

v 'alllJ'1e

""'Dsample := ---
2

D.amplc = O.388in

Djiq := D~ample

The sample is assumed to be near equilibrium. The assumed temperature difference is

&Tv1a1 :== 2F

The temperature is assumed 1.0 be

Teell:OO 72F

The initial OH ccncentratiun is

OHviaUoit:= .0097M

The time period between measurements is

l!.tvial :oo 20min

B-107 of B-280
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Figure 4-2 Scinlilhotion YiaL

19132"
"" .

JMI-NB-Q50101 01, Rev 1
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0/.3 HYDROXID E DEPLETION R,\ TE EVALUATION

There I!Ia column of air above Ihe sample in me Vial. The an alyse) assumes Ihill the air ill the villlllu.: l i"IlLill.CoJ e ither by noa lural
co nvection or from the ~Iow stirring of Ihe sample thai occ urred during the Ic~1. The CO2 concennat lon nft he bu lk air exists in the
vial bo ttle neck ,

.'\.'U2 :- 360 ppm

hT 1l1l :_ ..'S F

C03viml := JKX100 I M

4.3.1 Hydrexkle Depletion Rate for Period 1

Slel) I • Ca lculate the Li quId Side UII MIlS."i Transfer RIlle
111e Of{ mas.. transfer rare on the liquid side h calculated fiN based upon a guess at me Oltccncem rattc n at the liqu id interface,
The 1'Uess is revised until me Ottdepreuon rate agrees with the liquid side OH rna.ss uansfer tate (ste p J).

~OHiJIO' :- .IJOOU9I .0HVI.IlJ

Step 2 - Ca lculate the "'apor Side on nepteucn Ra te

OUdfop := <OoI1_ai.(~Tvial ' Tcell• D'i.-l .A.,laloOHu llCU ' (.'O~al ox..'02)

Step J . Compare the 0 11 Depletion Ra il" and Liquid OH Ma AA Tramfer Hate
The 0 11deple tio n rate based upon the CO2 abso rpt ion rare from air is co mpared to the all mass transfe r rate on the liquid side .
The 01:1 interfllce conccnlrat inn ill adJu"iled and the three calculation steps are repeated until these nu mbe rs agree.

mole
()HhQ..fflUL~.{!:r = 0.454~

mol,
Olld.p = 0.456~

Th e mula r deplcuon rate is given by
OHdop

Ol ldrp cak :<: ---
- I Vsample

Olldep,;ak = 8.673 x IO- ~~
- I min

The mCll.~ u rcd molar depletion m le i ..

OH 3
- s M

drp bt> = 6. x 10 - 
- I min
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4.3.2 Hydroxide Depletion Rate for Period 2

StE'P 1 • Ca lcula te the Li quid Sid e OH Ma:-..~ T ran..rer Ra te
The OH mass trans fer rate on Ihe liquid side is calculated first ba...ed upon 3 gue ss at the OH co nce nt ration at the liquid interface.
The pucs .. is revised unt il the OH deple ti on rate agrees with the liquid side 0 11 mass transfer rate (ste p 3).

~OHi--i"",, :- .000 10 1.OH";41!

g tep z • Ca lculate th e v a por Side OH De pletion Rate

OHdcp :=: OOoH _ ,j~6.T, jnl ' Tee1l. DYi~I . Av;'I ,OHi~"" . C03~i 'I . Xe Ol)
Step 3· Compare the OH Depletion Rate and Liquid 011 Mass T r ausrer Rate

The Olf depletion rate based upon the CO2 absorptio n rate from air is compared 10 the ()H mass tran sfer rate on the liquid side.
The a ll interface co ncentrdliun is adju sted and the three calculation steps ore repeated until these n umbers agree.

mo~
OH ~~ mall lnMl:et = 0.395--

,~ - w

mule
OHlkp -' 0.398~

The molar dep letion rate is given by

OHd~P
OHd• p ca k :"" - - -

- 1 V , i\lllplt

- s M
OHd•p calc =: 7.562 x 10 -.

- 2 111111

The measured mular de pletiun rate is

_:'I M
OHMp Inh "" 6.78 x 10 - .

- z mm

8· 110 of 8·280



s ese 263 of 440 of DA0602 3333

RPP-26676 HOV 1

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEB<X>K

JMI-NB-05010101. Rev 1

4..l 3 Hydroxide Depletion Rate for Period 3

Stf'P I • Ca lcul ate the Liquid Side 011 )ta§,§ TnlDs(er ILale
The 011 mass transferrate on (he liquid side is calc ulated first based upon a gue~~ al the 011concen tration at the liq uid interface.
l b c "uc~~ is revi~ until the 011 depl et ion rail' agrees with the liquid ~ide OH rna..... transferrale (step 3).

fllll..-- '" .OOOl lb.OH.,. d

Step 2 . C. Jcw llI le jhe \ 'lIpor Side OH Deplcncn Kate

St.ep 3 · CompaN! ahe O H Depletion Rate and Liquid 0 11 ) las.s T n mf'er Rate
Tbc OH deplet ion rate based upo n the CO2 absorption rate from air is co mpared 10 (he OH ma.\li tran sfer rate on the liquid side.
The OMinterface co nceoualion is adju sted and the th ree calculation steps are repeated until these nu mbers agree.

Il- " mole
~Hl'" _, UU1okr . 0.331-.- - .'"

mol,
O Hdql ::::r 03 32

vr

The molar de pletion rate is given by

OHllep
OHdrp cak := - - -

- J V ' lllI ll' lr

-5 M
OH<1ep calc = fd l x 10 -.-

- l m lll

The mcllsurcd molar depl etion nile is
_\ M

OHdrp I." = 7 x 10 - .
- J 111m

6 · 111016-280
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OHcllc := OHvi ll1 - 011.,_ calc ·At'ill

1 0 .... I'~ I

OH..-olo; := 0H.:I1c - OHdep "ik ·Atvilll.
1 I - Z

OHU lc := OHw, - Ollillep uk ·.d.t~ill
) 2 - 1

o
7.lJ6 xlO J

OHalo;= M
6.44S x 10- 3

5.l86x 10- 3
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Figure 4-3Predicted OMDepletion Rate,

0.012 , - - - - - - - - - - - - - - - - - - - - -

~
c
o 0.008 +-- - - ."g
~ 0.006

•"00;: 0.004 +- _
e
~

• Data
-+-Calculatian

Unear (Datal

y _ -6.76-05x -t 9.7E-03

•

0,002 --

60504020 30

Time (minutes)

10

0 '-- - - - - - - - - _ - - _ - --_---
o

The predic ted OHdepiction rates arc co mpared to data in Figure 4-3, The is reasonable agreement for each 20 minute period. The
average depletion rate over the entire test period ts

OH' illl - OHvi&le ,

flOmin

Ol l" ol - 0 1In k. ,
60min

- s M
OH<lep caic a.e=7.5 15x 10 - .

- - 10m

The there is excellent agreement with the average OH dep ict ion rnte.
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5.0 DATA CO:\IPARISONWITH VAPOR SPACE SliMS DATA

5.1 TANK A Y·10Z
TIleOH and waste volume data is shown in Rgu~ 5-1.
V~c :.. 828000gal,
V""...,c := 467000gal,
Vltll l d ~ :'" IlJin·Aumt.

The supernatan t volume is

Vll.y2""p := V"'aste - V.oli.d., ,
V",,"1wp := V<no:t.. - V"'-"ids, ,

The init ial OH concentrancn (Figure S- I) if;
OHIY1 :.. 1)6JM,
OH.0y2 := .sSM

•
0 11." ,e .OB2M

•

8-114 of 8·280
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5.1.1 Period 1
<4.y2 := 425c:fm

T sup := T rup_ay2

OHdata := OH&y2,
mole

2{)(){)O--. 18yr

C03ay2 := Y'

Vay2suPl

C03~l'2 = 0.123M

1l.Tliq := Of

£1iq := 4in

8-115018-280
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• •
~~.:..il;- ~~~;~~:.f-

Q := Q..,,2

TM1P := T....._.)2

CU-'b"u.:= COJay2
S I Ca l I th I I Id Side :\Iass 'Transfer Rates

COJuuo:u = 0 .356 M

•

.~~'-r;·'"7_·L~_~l!J~
- [".:?

Ol lh'l-rmu_,u",ru :~ Ol[IIU ..lAThq.T1up. lljlq' !\u.k'OH d11a•O H i . Il........ )

C()3m.,,, _trwl1k r:- CIlcoo(AThq' T"'p' ~iq . A. k.C03t.. lk .C03i~.)

C01..,.,..I_traI' IW_liq := Olt:llU tq(AThq •T_up . I~ Au.nL.O Hdala .O l l i_, ,,,", .CO'\'.dk. CO>. JOt ...)

Ste p 2 • C.alculate the Vapo r Side 011 Dt-plelion Rat e
The OH depletion rate based upo n the C02 mass transfer rate is calculated.

X..:02 .bull--&_ :"'= 291 ppm

OHokp := t111::)H.JOi«.6.T. )2.T"'l' . o-k.Aw..OHi_JOnI .C03.;-J_I '~_"'hlJlOCl-J
Interne on the hulk: air CO2 con cemranc n guess unti l it agrees with the calc ulated conceneanon.

( 011,,,,)
Xna_bull..nk: :- xt...J\Q.- ,-

x..'02 .buI'. cu; = 290.692 ppm

S tep J . ( :ompare the UH Drpletion Rate and Liquid 011 M:.ISli Tnllt~ru Rate
·.11 OHd I I' b sed h C02 absorption rare from air is compared to the OH ma~s transfer rare on the liquid side.

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

Olld~p_bul k := 2·C02mol-'i ~ ' l'll " .f~ rJ ;q

The rate that OH is deplet ed at the surface is

Olldtp_"lrf"'~ :=:- OHd~p - OHMr_ltu tl<

Th 0 11 rf d I t' t ~lbeequa l to lhemleof ma.<;S lransfer to the surface

Stcp4 - Com(Jllf"r the OH Drpletion Rate to the C03 Ma ss Tr.u\!irer Rate
The CO) ma.u transfer rate should be ha ir the surface OH Dcplcliun rare.
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"w2_pnnl := 40Qppm

The uarhun dinxide absorption rate based on the Hanford OH concentration data is
OI~p

FayZ :=
2

,
Xe02_amb' CairQ

Fa) 2 =0.193,

Ccn2
1

:= x,,02_pnnl'( 1 - Fa}'2\)
CCO~ = 322.991 ppm-.
idata := 23

OHdepcalc. := OHdep
''''''"

C02data := 299ppm

( CO~,,)
OHdepdala, := 2 1 - "x.:o2_amb'Cair' Q

'd... Xeoz_pnnl

The depletion rate based upon the Hob-bsmodel is

OHdc'Poobb,. := 2x,,1I2_iIITIb·Cair·Q·Fhubb:.(OHdalJ
'dOl'
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5.1.2 Period 2
The analyses for thi s period was done in Section 3.1_7_

Of'\kp<oIca

Fay2 =:0.493,

Cco2.ay2:=: Xeo2.pnnl'(I-Fay1:J
C w2_uy2 =:202.692 ppm

The depletion rate based upon tbe Hobbs model is

OHd~phobhs := 2Xeo2_amb-Cair-Q-FhobbiOHdatJ,-

B-118ofB-280
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5.1.3 Period 3

. ,
,'1 -{'~~;'~"__,,~, __,_ '-,1. ---,- ' -

Q re Qa~l

T\.lip :'" Tup_~~ l

CO\'"I. ;= C0 3al 2

St 1 C I uI th LI Id Side Ma~ 'rra nsrcr Rates

co~ II....:... "' O.356 M

OHUII...m_ _m.aW' := CllOIUIq( 6T1,'I ' T'lU(" o.iq.",...~ . OIl'Ial I ' all.........)

C03u-_lf....e> (.~::03(6Tltq ' TIIIp,I~ , Auat , C03t",Jt .C03iJlleS.')
(."()2m..._traM...._Ii'l .:= ClJrm_IIq(6TIiq'TI.p' Dtiq..r\ri.Ol ldal3' 011,- ,_ .CO.\w••CO:\ 11ICOoS)

Step 2 • Calcul.. te the Vapor Side OH Depletion RIlte
Thea l l depletio n roue based upon the CO2 m:m transfer rD.re i\ calc ulated.

~_boIlk....- := 258ppm

Ollol~p ;= 00011 J.~Taf2' T..., . o.lzok,~.OHt.J,,~••COJu _ · x,.....U"'Il...J:ua»
Interate on the bulk.airCm concenrrauon guess until it agrees w ith the calculated concentration.

( OH",,)
Xca2 halk eak := Kbu~Q.- ,-
\:a2_hlllk_c,lc = 2fiJ .757 ppm

Step 3 ' Compare the 0 11 Depletion Rate and Llqutd OH .\1as.\ Transfer Rille
TIt 0 11 d I t! b d th C0 2 absorption rate fmm air is compared to the OH ma~~ transfer rate on the liquid side.

T he rate ut which OH is depleted in the bulk liquid is

OIl. IrpJ.ul. := 2 ·C02m..~_InUI ''''U''l

The rate thar OH is depleted at the su rface i\

OH...p....IIr'.-:c := OHdep - OHdcp. lttJlt

Ttl OH If: d I I' I slbeequal to the r.aleOrmaMtr.ln~fer tothe sUIface

Slt'p 4 - Com pare the O H Depletlcn Ral~ to the C0 3 Mass Tral\'ifer RIlle
The em mass tran ..fer-rare should be ha lf the surface 0 11Deplet ion rate .
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x,,02_pnnl := 400ppm

The carbon dioxide absorption rat e based en the Hanfo rd OH concentrat ion date is

o~,F." '"--~--::-
3 Xw2_;unJ)oCa:roQ

p.yl = 0.276,

C~...z . := "w1--P""'-.(t - F.,.lJ
Cc02 = 289.73 ppm,

id&la := 2:5

OHdepc• tc := Ollllr:p

'
C02.J.lII := 299ppm

OH~ := 2(1 _ C()1'...... ).~ ..,...C....Q
I,w" Xaa_pll:Il

The depletion ra te based upon the Hobbs mudd is

OH..~i>s. :;;;; 2:r..:oJ_L'Pb·Cair"Qf\mn.{O Hd.J,-
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Figure 5·1. AY· IOZ Level and on Dab
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5.2 A7~101
jhe enetyses presented in Section 3.1 .8 is used .

OHdep := OH<JcpJJ.......d_og<!tn.,-vJ 1 p"

F12:1=0.865

Cc02 := -\;oL pnpl·( l - F"d)

Cen2 =53.1)16ppm

idaflo ;= 26

O~d< := OHIkp'...

APP-26616 _ ,
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The depletion rare b ased upo n (he Hobbs model is

OH4cp"tl5 := 2l',;'O!_amb·Cao.- QI\-,"Ll01l•.~ a fon'-d$ 1I,... """"\ .

8-1 22 of 8-280



page 2 75 of 4 4 0 of DA060 2 3333

RPP·26676 Rev I

~ CAUSTIC DEPLETlON JMI·NB·050 10101, Rev 1'J MECHANISTIC~El
ENGINEERING NOTEBOOK

Figure 5-3. AZ. 1II1 CO, Duta.

I

~
'00

•
"" •

I
.9 300e .-- :J0=g esc __AZ1 0 1 C.~ ' -
e •• . . . . .....-.goI SliMS U.."' ..... DaIa
ue

""0
U
• •
" '"•
~
Q
e

' 00
~

-... ...... '" .......•
•U • •,.

,
".... 07l24.'98 lQ~'98 01/20W """" 07119'99 1()'17199

8·123 018 -280



F"g~ 276 o f 440 Of 0A0 6023333

RPP-26676 Rev 1

#J , CAUSTIC DEPLETION JMI-NB-OS010101, Rev 1
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

5.3 TANK AZ·W2
Analyses parameters presented in Section 3.1.lJ.

Q:= Qvent
10

'I"up := T,up_""z

6.Taz2 :== 6.Thanford m

OHdara:== O.02M

D..'f1iq := OF

Dtiq := 4in

mole
6000--·20yr

C03""2 :==
Y'

V!UP

'"
C03llZ2 == O.037M
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OHUq maull'aIImr := WoHJkI{ATIiq :luP ' ~ll .Au....k . OHd..... OHi....l"""')

COJ."."._lnWalo:r:- ll\..U3{AThq •T"'I',llti'l' "'an~' C03t,ulk' C03;.•~.)

C02".,a.._,,,..,or,,,,_H'I := Cl'lcoIJiq(AT1iq•T,up.Duq•!\onk.OHd......OH,-lIu....... C0Joolk' CO\ ..Pt"'S)

S tep 2 · Ca lculate lhc Vapor Side OH Ikl>l t't lnn Rate
The Ol t de pletion rate based upo n the C O2 mass transfer tale is calc ula ted .

~02_hujt...!"t"' :'" 26!I.~pprn

OHdt p := ClloH_..J6 Tall.T,up. Dlant .l\unk' OH,J'lt'l.<; .C03;.s_ ' Xeol_ltolk....lllel.)
tnterare on the bulk air CO2 concentration guess until il agrees with the calculated concentratio n.

" "' "". "" '" ... (Q.0 11..... )-- '2
Xoo2..lNlk..c:ak = 'U:FJ.)5ppm

SlrpJ . Compa re the 011 Drplr tion Rate and Liquid OH MaSll T ra lNu RliIle
Th OH d I I ' re b sed the C02 abso rption rate from air is co mpared 10 the Oll mn s tran sfer rate on (he liq uid side.

The late at wh ich OH ill deple ted in the bulk liq uid is

OHdtp .btl lk := 2·C02,'. ',Ullill.Io:rJjq
The rate thai OH is dep leted al the surface is
OHdCP_Rlrlao:c :: OHdtp - OH dt p_h"lk

Th OH rf d I ,. I st be eq ual to the rate ofma.s.~ transfer to me surface

Step .a •Compar~ the nH DrpleUon Ra te 10Ihe COJ Ma !l3T ramfer Rate
The CO l ma ss trans fer rate sho uld be half the surface OH Depletion nile .

B.125 of B-280



F"g~ 2 18 o f 440 Of 0A0 602333 3

RPP-26676 Rev 1

CAUSTIC DEPLETION
MECHAN ISTIC MODEL

ENGINEERING NOTEBOOK

JMI-NB-05010101, Rev 1

Gil d 1- - ,-p = (l.! 4Rx 1Ul~

2 "
0,,",

2

~02_am!)· CBIl' · Q

C~ 2:= x.:u2_pnar(1 - Fu.2J

C 2 =299.277 ppm

i.J oIa ;= 27

OHdepo;;. k:. := Glldep
' ,bolo

The depletion rate based upon the Hobbs model is

OHdep"nhr" ;= 2 Xeo2_amb·Cair" Q- foobt,·{OHlwIfor<CdntB)I,,.,. '\ ~

Figure 54. AZ-I 02 1999 Carhon Dioxide Data.
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5.4 A WF Ventilation Data
5.4.1 TANK AY.101 August 2000

Parameters taken from Section 3.1 .1 I.

Q:= Qvemu

Q..yl:= Q

T,up:= T,up_,,-yl

6Ta"1 := AThanfoniia

OHtIal.:= O.OOOO6M

ftTliq:= OF

Djiq := 4in

mole
15000 --·15yr

C0311y1:= 'fl
Vsup

"
C03ay1= 0.69 M
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OH1i'l.ma., ,,-tnndc,:- WoHJ".lATli ~'1",p. Dtiq' A..nk.OHdlla•OH,..$.UI' '')

COJ""••• t:",,,,fer:= OOcm(ATli '1 ' T", p . ~;q ,Alahk,CO\Ulk.C031-Ju.:.. l

coz.,... ITm' fe<-!iq :""' f!\.U2_hQ(I1T bQ, T..,p'~q ,Aw,k.OHdala,Ol l'..&lJ('S. ,CO:\'Ulk .CO\JlUe...)
S tep z. Ca lcula te the Vapor Side 0 11 Dt-plll' liu n Rate

The OHdepletion role based upon the CO2 mass transfer rate i ~ calculated.

~..b-Il-tIlC":= 359.9ppm

0 11...,,:= "\ll,_.,,(AT. )I' Twp.O""". i\ank. 0 11j r- . C03L-IUt" '~OV'tt1k.Jtlt'..}
Interate on the bulk. air CO2 concenrraucn gue!'.'i unti l it agrees with the cal cul ated concentraric n.

( OH",,)
Xeol bWk_nlc := xt-l\ Q' - 2-

~oJ! burt _calc = 360.499 ppm

Stcp .3. Cempare the OH ~pl ll'lion Rate a nd l.lquid O H:\t.as.. 'f r a ll'of rr Rate
Th on d I ri te based Ih C02 ah enrpt ic n rate from air is co mpared IQ the 011 ma~ transfer rate on me hqmd side.

The rate al which OH is depleted in the bulk-liquid is

OHdcp_oolk:= 2 ·C02",~'_lflI.nsfffJjQ

The Tille lhal OH is de pleted at the surface is

O Hd cp_aurt';lI;c := O lldcp - OIldcp_bul~

Th a ll rf d I lUSI he eq ual to the rate of mass transfer to the surface

St t'p" . Compare the OH Dll'plt'tion Rate 10 the ffi3 :\Iass T romt'er Rate
The COl mas<; transfer rare should behalf the surface a ll Deplet ion rate .
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0H.iep = -112.891 mole
2 yr

0"",

rayl ;=
2

XeoZ..amb· C air'Q

- 3
Fuyl =-L387x 10

Cco1 := Xeo1_Plmr( 1 - FayJ

Ceea = 400.555 ppm

OHdePayl := 0H.1ep

The depletion rate based upon the Hobbs model is

OHdcphobbsa}·j:= 2Xcn2_amh· Cai,Q-f'r,oohs(OHdala)
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Figure 5·5 . AY-101 Ca rhon Dioxide Data.
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5.4.2 TANKA Y-I02 August2000
Parameters taken from Section 3.1.7.

Q:= Q'~lll,
Qay2:= Q

Tsup := Tsup_ay2

AT.y2 ;= &ThllJ1ford,

OHdata:= O.Ol2M

LloT1iq :.. OP

l:>Jiq:= 4in

mole
15000--·15yr

C03ay2 :::; Y'
Vsup,

C03ay2 = O.122M
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() Hhq..mlIU_trlIn.ft:r := WaH liq(.<1T1ill , T_uP ' ~i ll ' A,ank' O H daJ. ,OHi-l U~ 'l )

COJIP l>unill, r~1 := OOcm(.<1T1iq •T~ "I" I ~ iq ' ~ln k . COJ bIll k ' COJiJ"~ "" )

C02mu. .uan.rtr_liq := OOc02_liq(tl.Thq' T""II'~"l . t\ank ' DHd"'I ' OHi...t Ut <ll ,CO\.ulk' CaJun,:,,)

Str p :Z • Ca k ulatc the Vapor Side 0 11 Depletion Rale
The OHdcpletion rate based upon the CO2 mom transfer rate is calculared.

x..v:Lb~lk....tu"," := J47ppm

OHdc-p := oo,; lH_a.{~TIwll'm:I/ r"UII' I>u..u.. Aw.l.OHi--J~.C03j ",""oXen2.J...ll...,guco..)
Inter-lie on the bulk air CO2 concc mra tion guess unt il it agrees with the calculat ed co ncen tratio n.

( OH",,)
~o.U•.Jk-c.:= ~~Q.- ,-

~_bull_c. = 347..204 ppm

S It'p3 · Compare the ()H lJepled on kate a nd Liquid OH M;t!o."> T nan...rrr Kate
Th OH d b d h CO2 absorption rate from . ir i~ co mpared to the OH mass transfer rare on the liq uid ..ide.

The rate at which OH is depleted in the bulk l iquid is

OHdtp_bull :: 2·COl. n" 'U l lIld !!f_I,q

The rare that OH is depleted at the surface b

OH dc lI_'\In"",~ :-" OHlkp - OJldep_bulk

n OH f d I I s t be eq ual to the idteof ll1 as.~ t;.m~fcr lothe su rface

Step 4 · Cempare Ihe OH Deplrtl on Rotc to the COl Mass Trano.rrr Ra te
TIle COl ma~\ transfer rare should be half the surface 0 11 De pletion rate.
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0""" I mol<
- - =-3.616x JO --

2 IT
OIl>.,

P., 2:=
a

l.cal_u:l!l·C....·Q

FayZ = 0.036

Cc02 :== .\c02_ponr(1 - F..y1)

Cco2 == 38S.71t2 ppm

OHdeP"yl := OHd'1!

TIle dep letio n late based upuo the Hobbs olOdd is

OHdephobbs. ,1 := 2-'.;o1_amh·C..i{QFnnt,JOI ldalJ
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Figure S~6. AY-I02 Carbon Dioxide Data.
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5A.3 AZ-IOI Augu,12000
Parameters taken from Section 3.1.9.
DlIdep := OH~p hantf1'd ....den ·V . up- --~ 9 9

0 .....,
x.-.a _'IlIl..C.1r,Qvn.t

P~l "' 0.865

Cw'2:;:;; '\:u2 pcol·( l - F. I I )

C<.V2 ;:;; 53.916ppm

OHdePu I :== OH.!ep

Q U I := Qw.m
9

cxusnc OEPLETlOO
MECHANISTIC IDDEl

ENGINEERING NOTEBOOK

JMI-NB-05010101. Rev 1

The depletion rate bued upon the Hobhs model is

DHdephobbs. I := 2Xc02...lIJ:b·C III·Q~OHbaaronLQI·t}

5.4.4 AZ·I02 August 2000
Results from Section 5.3 are used here.

O~ :== OHdepc. 1e

"
0 ....

-- - -:':---::-- F", ,~

x,,02_WIIb ·COIi r·Q\'eOllu

Faz2 = 0.252

e." ~ ""'-"•.(1 - F",)

C""2 = 2992 n ppm

OHdcpaz2 := O~p

Q.., ,~ Q,=

"
The de pletion rate based upo n the Hobbs model is

OHdephohb ~ ....2 :;:; 1~Q2_amb·Coir· Q..,2·fl\QbbtCO.02M)
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Figure 5·7. AZ.)02 Carbon Dioxide Data.
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i... :::::; 28

o~ ...., := OI-kkpayl + OHdcPr,y2 ... 0HdetJul + OHdepu1
'•.

Off~,
,~

. ~I
=8.1O I x 10-

"
Of-I«,cok'l~.

2

Xe02_arnh,C lLi f Q,wf

I".wf ""0.167

C(n2 := ll.ooz..Jftlr( I - Paw{)

~t>2 = 333.312 ppm

6·137 of B-280



s ese 290 of 440 o f DA0 6 02 33 3 3

RPP·26676 Rev 1

CAUSTlC DEPLETION JMI-NB-05010101. Rev 1
MECHANISnc MODEL

ENGINEERING NOTEBOOK

Figure 5·8. AWI-" Carbon Dioxide Data.
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5.5 TANK SY-IOI

0,;)'1 :'" 333cfm

T u p_s)' l := &OF

The vapor space/supernatant temperature di fference for Tank SY· IOJ ts used since Ihe!IC data.are Dol available for SY-IOI. The two
llUlb have about the same heatloed stnce the ventilation flo w races BOO supema tan t temperareres are about the saree,

.d.TSJ I := 2F

V$alIcake:= 275kgal

V,.p_a•.\ := 736kgal

OH.-...a;-:=- 1.5~M

VSllP . ,,1

aT1l4l :-= Of

mole
2500- ·Syr

yr
C031)'1 := -..,.,--'-'--

CO\, I = 7.179 x IO- ~M

~....'U)I := 16in
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Q:- Q,)I

T ¥u p := T"'p.' f l

C0300 I~ := C03.yl

S tc 1 Ca l I t th LI Id SideMil~ Tra mfer Waks

OHliq ......._U1lDdrf~ WotUi,J.6.Tliq . T",p . I",~.YI. E.t\..u. . 01 14• • .0H,~,)

L'()3m"' lu r"", kI" ::: CJJ('Q)(.6.Tliq •T .ap. l...c fll",_"yl ' E·t\anbCO:\'ull,COJL&~")

C02",a'..'Uran~Ii:r_hll := WcOl_liII( .6.TIiq. T' Up. lcrw., .Ir l ' E '~an~ ' OHd...... OHCJlu",,",COJt>ull. .COJU """' )

Step 2 - Calcula te the- Vapo r Sidt' 0 " 1h.' I,Il:'Uon Halt'
The OH deplet ion rate haMXI upon the C02 mass transfer rate is calculated .

lcol_bulk.J! u,,.. ::::. 343ppm

Olldep := rooH_oiJ.6.T' )'1 ,T.ap,l)~' ''.l.Dl' Oll u lnlo 'CO~---s""". "eo!.hulk-lDe<..J
lmerate on the bulk air CO2 concentration guc~~ unut it agrees ....i lh the calculated co ncentration.

( OH..)
Aa.lbodl_'_:= ''1>0.1\Q.-,-
ll.coV"'lk_'ai<: .", 346.01.5 ppm

Sirp 3 - Co mpare 1M 0 11 D!.'p etion Rlalt' lind I.Iquld ClH .\18" Trarsrer Rale
Th OIld I b d h C02 ebsorpuon rate from air is compared 10 the 0 11 mess transfer rate on the liquid side.

The rate at which 0 11 is depleted in Ihe bul k liqu id i ~

OHdep_\M.Ilk :== 2,C° 2nll8IU Urn. fcC h q

The rate that O H is depicted at the surface i ~

OHdep !ab:e ;- OH....... - OHdep_..... I ~

Th (>H rf d I st be equal to the rate of mass transfer to the surface

Strp " - Co mpare !hI/'on Ikpldlun Rate to the COJ /'tolass Tramfcr Hale
The COl mau transfer- rate should be half the surface 011Depletion rate.
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OHdqI .=3Jl96 x 1fi"lRole
2 ,..

P~~l '" 0.039

C~o2 := It,,;<;I2_pnllr ( 1 - Fs}·d

CC02 = 384.4fi1 ppm

OH.J.,... >= 011"".'.-
CO..... >= J60ppm

( m"._)OH<kpd4. == 1 - · x.: 02_~·Cai(Q2
..... x",02J lul

OHdeJ.\yL:~ OHcIep

002a"l := Cc02

The de ple4il,Jn rate based upon the I-Ioh b, model is

OH"'=flha!'o~ :=.2~",,'Cai,-Q-P~(OHd..a)
'...

RPP-266 76 Rev 1
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Figure 5-9. SY -101 Carbon Dioxide Data.
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FiKure 5-11. SY-101 Ca rbon Dioxide Data.
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5.6 TANK SY-102
5.6.1 Tank SY· I02 Period 1

~y2 := H Oehn

TU p_",l:= 65F

J!T.,.2 := .I F

OH. ,.2 := O.074M,
OH5y1 := .182M,
V~2 := 747k gal

V~)"2"",jid~ := 14j kglll

V~Uplly2:= vsy2 - V.y2.ulids

ATjiq ;= OF

o.iq := 4in

25OCO mole- -2Oy<

C03., 2 :=
l"

VlUp1y2

CO\y;! = O.219 M
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T...p := Tsup ~y2

C03t."lk := C03.y2

St t CaIc:uJ t tb I I uJd Si<k Ma!l."i T nansrcr Halt' s
.......,., - 1"""7"-: "•......,
",,'0' _ '0"",_

C031J11C" = 0.373M

OHl i'lJll~~lunlllrer :- ll\IH_b•.l.dT1"1 'Tsup' Duq, A..nk , OHd"~'OHiJ Ue...)

C03 'I1"s J"ulSfer ~ OOc:m(.dTHq .T,ul' , l ~ iq . Ac "'k . CO~ulk.C03i...lueM)

CCllm","_lJUIsf" r_h,, := wcoaliq( .dT \iq , T SlJp'~;q ' J\Uk' O Hdo,. , OHi...llUb• •C03t.uIL. C03;..iue,;s)

Step 2· Ca k ula tt' the va por SIde OH Depleti on Ra te
The OH dep let ion roue based upo n the C 02 mass transfer rate i ~ ca lculated .

x~.••U"Ik...sut» := 265ppm

0 11..... := rooll_~,~I\T112 ' T.......Dwk .~k.Olli--llU'iS ' CO\ ...r\ltll~ . Xoo2_I7uIkJ'~ )
Interne on the bulk. air C0 2 concennencn ~~~ unti l it agrees with the calcu lated concentration.

( OH",)
\.~_tNlk..-ealr :", .....'I t Q·- 2-

ICct.2Jra.....eak = 264.066 ppm

StepJ . Compa re the on DEopielio n Rate a nd I.lqu ld 0 11 :\f.aSll T ....Ul!lrer Rate
Th OH d I . b ed h C O2 absorp tion rare Irum air illcompared to the OH ma~~ transfer rate on the liquid side.

The rate at which 0 11 is depicted in the bulk liquid is

OH.;l<:p_bulk := 2 <':O1,~, U1ln'li:I Jiq

11le rnte [hat 0 11 is depleted at the se rface i!>

OH....._...rfa:c: :"'" OHdtp - OH.;ltr_boIk

n OH rf d I t sr be equal to the rate of mas'! transf..x tc the surface

Step 4 • Co mpere th e on Depletion Rat e 10 the m3 :\Ia s.s Tn,"rer Rate
The COO mass tran sfer rate should be half the »urtace OH Depletion rate,
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0fI>,.--
F~~ :=

,
,

~Q2~amb·CaU·Q

F\y2 '" 0.266,

Ccn2 :.. ~02_pnnl· (1 - F~J

CCOl "" 293.406ppm

id... :.= 30

0 11"11; ;= OH.tep
'g .

C02.lIU1 := 297ppm

OH".,.,. . ~ (, - C02,,~ }"""_"""'C.'Q2
'JoI. ~"02J11rl

Tbe depletion rate based upon the Hobh~ model is

O HdCPX*k ,~ 2"''''_.,,,..c'''·Qr.......{OH,,,,J
'...
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5.6.2 Period 2

•
t"':1.-- c- ffi'!:.-:-..--_. .-

I\T,y2:"" 1F

Str- 1 C I I t lh Ll uid Side Mass Tra nsfer Kates

C03;---$Ue5S = O.878M

OHli 'l-.m ",,~_I".lll ! rer := ffitJH_hq(ATJjq. T ~u p ' ~"l' Alank. O Hdala• OHu u£'lS )

C0311l&-'Iu m..,[er :';':: Wc03(~T1i~ ' T""p. Dti 'l'!\llJlk. C03001k .COJi...Jl"""}

C02ma ~ur'TlSftchq := OOC02_IiQ(ATliq•T~ I'P ' ~iq .A,aTlk ' OHd.¥a ' OHiJ.ue"5 ' C03t.Ult . C03i---$uess)

Step 2· Ca lcula te the Vapor Side 0" Depletio n Kate
The OH depletion rate based upon the C02 mass transfer- rate is ca lculated.

Xw2_bulk_l!: ue•• := I 03ppm

OHdtp :""" OloH_ai~~Tsy2 ' Tsup• Dllnk•A,ant. OH1J,uess ' C03'J.II£'III ' Xe02_bU Ik...g\l£;S.J

Imerate on the bulk air CO2concentration guess until i t agrees wi th the calculated concentration.

( OH,,,)
Xe02_bulk _u lc := xbuli Q, - ,-

~02_ bulk.ule = 104 .714 ppm

Step J • Compare the 0" Depiction Kate a nd LIquid 011 :\1ass TrafL<d'er Rate
Th OH d I b d h C02 absnrprion rate from airi s compared to the OH mass transfer rare on the liquid side .

.
~~-:-F,~... lli.l;~

--......~- .ij

TIle r ate at which OH is d eple ted in the bulk liquid is

OHdep_oolk :- 2.C02m" '_lJlIn ' fcr_liq
The nile tha i O H is d epleted at the surface is

OHdrp ""f'>e r :- OHdrp - OHdrl'_bulk

'I'h 0 11 It d I ust be equ al to the rate of mass uansfer rc the surface

Step 4 - Compa re the OH Depletion Rate to the C0 3 Mass 'I'ra nsrer Rnte
The C03 mass transfer rate should be half the surface OIl Depletio n rate.
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0""-
FsrZ :=

2

• Xeo1__ b"C",,"Q

F,y2 ... 0.709
•

C~u2 :-= Xo.:0:2 _PQnl' (t - F. y2J)

Cc02 = 116.349 ppm

'd.ta := 31

OH""", ~ 014p-
C~.I. := 122ppm

( ro,...)OHv.pdtla := I - ·~_.,"",·C.... Q 2
- Xe 0.2..JlClcl

OHdeP.y2 :.. O~

COl,,,"" C,,,,
The depletion rare based upon the Hobbs model is

OHdc-~ := 23,:02 au:Al"Cair·Q- I1d.t.(OHo!Il.)...

8-148 of 8-280



F"g~ am of 440 Of 0A0 6023!!!

:~
RPP-26676 Hev 1

CAUSTIC DEPLETION JMI-NB·05010101, Rev 1

«'''''
MECHANISTIC MODEl

ENGINEERING NOTEBOOK

Figure 5~12. SY~ 1 02 Carbon Dioxide Data.
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Figure 5·14. SY.102 Vapor Space and Sup ernatant Temperatures,
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Fi~ure 5-15. SY~102 Carbon Dioxide Data.
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5.7 TANK SY·I03

ct.y] ;.., 333c fm

T "4' ~yJ := 80F

~T&yJ:= 2F

Oll4iJ..:=: ] .n.\{

VS)J ;;0; 747kg.1!

V")'l
1,y) := - -

A..,
lsl') -= 271.242 in

Vn.llCWJY3 :=: 342kgal

V5Mp_~y3 :=
V~Y3 - V~411cake ~y3

2

ATJili ;'" OF

l.uv"~~Y3 :=: Min

E ;= .2

mol,
5000- . t""

COJ~J :=
)T

V....._~y)

C03.y3 = 0.065 M
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5.7.11'eriOO 2
Q ~ <4yl

T SIIp~ T",p_~Y l

C03m.1k ~ COJ ,yl

Sk I C I ul I th LI ld Side Mass Tran<ircr Rain
,e:-:- If '<::T~I"t"":'" _. ~

CO\ .JiU,,, - 5.218M

, .
F~ _ L..:..:....J=~j~~~,:~ ~~..

Ol l liq .mass_l ral'''fIor :~ OlolU;q(~Tliq. " ""p. 1'UUloUy3-E·J\ri.Ol ldal. _0 11"...-)

C03m_ _ltIIn>; i.:r:'-" tllc:03(AT"". TlUp' L.: nJSU yl ' E·Au~t . C0300lt _CO\.JI1N)

C02,.,. ,'u ....... lr:r_liq :~ <Oan.-liq (~Tbq' TRIJI . I~ ..Uy3.E·~.... .Ondlll._OIl , ~ues, .CO~Ik ' C03i.,.peu)
SI~p 2 . Ca lcula te the Vapor Side Oll lkpldjODRa te

The OH depleti on rare based upon the CO2 mass tran sfer rate is calc ulated.

x...-..2 .blllk,_:=285·ppm

OHdep ~ (IlotUiAl\T.yJ'T1lql. 1\.t.. '''ani,.OH•.JIII'U ' C03•.plCIl" "'=a2..boJlk.".J
Interne on the bul k. air CO2 concentrat ion guess unt il it agree.. with the calc ula ted co nceneauon.

( OH"",)
x...02 )NIk _Clk: := xtN'\Q.-,-

Xe02_hoIJl..clk = 285.432 ppm

Step J. Compare (he OH Depleue n IbItc a.nd Liquid OH Ma~s Tra Mrer Rate
10 Ol [ d 1 . b d h CO2 absorption rate from air is compared to the 011 mass transfer ra te un the liquid side.

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

O lldop bult := 2·C02",••,un~d"'J; q

Th e rare that 0 11is depleted at the surface is

OHdt:p-" ~fr......, ;= O Hdop - O Hdop_bun.

11'1 OH rf d I st be equal to the rate of mass transfer to the surface

Slfp 4 . Compa re the 0 " Ileplrdo n Rate III the COJ Ma !t.!i T nllbru Ra Il'
The CO) mass transfer rate should be ha lf the surface OH Depiction rete.

8·153 of 8-280



page 106 or 440 or DA0602Bll

Rpp·26876 Rev 1

"
, CAUS TIC DEPLETION JMI ·NB-050101 01. Rev 1

MECHANISTIC MODEL
ENGINEERING OOTEBOO!<

~...
FJY1~

2

~,m·C.:r· Q

F.,l = 0.207

Cr02 ;= 1\...a PII~d I - F,YJ)

Cw2 = 317.146 ppm

id.... := 32

OH~t'ulc, := OHcIcp....
em"... ", m """,

( CO
lu. )o~~a :: I - ·ll,."tl2_l\IllboC ai,. Q-2I... Xeool _pnnI

The depletion rate based upon the Hobbs model is

OHd\:pOObb. := 2Awl_amll"Cair,Q Fhabln.(OlloJ./.)

''''
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5.7.2 Period 1
Q := O .33~~]

T.up := T,up_, y]

CO\'ulk := C03,)]

St 1 Ca l uJ t th L ' id Side Mass Transfer Rates

OHli'l-m"""_!JWL,r", := WoH..liq(&Tliq•T,up. L.: ru' U y] . E·l\..llk.DHdlta•Ol lu llC:i.)

C0 3m.."_lran,fer:= (J1<:m {&Tljq.Tu p.Lc ru'u yJ ' E,Aank.C03t,ulk' CO\$U~ss)

C0Zm.suran,ferJiq := Wc'o2_Hq(6Tliq,Tsop• Lcru",_syl ' E·.t\ank .OHd,,,••OH i...,gu~'l ' CO:\'ulk.C03 iJ Ue;,)
Step 2 · Ca lculate the Vapor Side 0 11 Depiction Rate

The Oll depletion rate based upun the C0 2 mass transfer rat e is calculated .

x.:1J2_bul k.Au~," := 14 9·ppm

OH&.p ;", <OC)lU.i~tiT ,)3' Tsup•DWlk•An•l1 k•OHI-l!lIeS" C03i -p'ue,~ . !IeoZ_bU lkJlIeSS)

fmerate on the bulk airC02 concentration guess until it agrees with the calculated concentration ,

( OH",)
ltc02_bulk..calc := Xbu l\ Q'-2-

llco:Ullllt3il1c '" J46 .532 ppm

Step 3 · Compare the OH Depletion Rate a nd Liqu id OH Mass Transfe r Rate
11 OH 1 I . b cd he CO2 absorpt ion rate from air is co mpared to the OH mass n ansfer rnrc on the liqu id side,

The rate at w hich OH is dep leted in the hu lk liqu id is

OHd~ p_b ulk r- 2-C0 lm...u ran. fe<Jiq

The rote that OH i~ depleted at the surface is

O Hd eluurface :'"' OHdel' - O H dep_hulk

n OH rf d I . st be equal to the rate uftnass transfer to the surface

Step 4 • Com pa re the 01 1Depletio n Rate to the C0 3 Mass 'rrnrs rer Rate
Th e CO] mass transfe r race shou ld be h alf the surface OH Deplet ion race.
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0"-
1"' 71 ~

,
Xeo2_"", b·Ca;r· Q

F,yJ == 0.593

Ccu'2 ;... x..u'2 _pnnr (J - F.y3)

Ccn2 '" 162.813 ppm

COl,}'Jb:== C..·..a

Figure 5-16. SY-I03 Wa ste Volume and OH Concentration.
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Figure 5-17. SY-103 Waste Temperature Profiles.
~
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5.8 SY.Fann ventilation Data
5.8.1 SY·IOI

Q := Q"yl

T""P := T....._.yl

m :\"'t\: := l.'OJ.)1

AT~)_I := .IF

SI I Ca l I te th I I uldSllk Ma» Tr.m~rfrRates

OHt , lru * , := ~)tUl'l( b.TIiq ' TQlP·~iq ·~ant . OHd.I .OHi...J~',}

C03ma _lnmk:!' :: OOL'QAaTIiq'T>Up'~' t\...N., CO.3t.ull. 'CO~---J._)

CO:;" , !Tu de!'J ''! := ~:mJiq(b.Tb q. Tu;p' ~.1\E1t.OHdill&,OHi...Jum'C03t,.. ....coa _"~~)

Step 2 - Cakulatr th~ Vapor Side 0 11 Ucpletion Ra te
The OHdeplet ion rate based upon the CO2 mass transfer rate is calcu lated .

~"'U".lA---£utU ;= 161ppm

OHdo.'P := WoH_JaT~)I'TlUp' Ot..,'l ' Au nl•OHi~UOl'SS ' CO~~UI"""" ~OU." l1-..P',")
Inlcralc 011 the hulk. air C02 concen tration guess until it agrees with the calculated con centrat ion ,

(
all .., )

Xen2_hulk_u lo: := ~ul1- 0 , -2-

Xe...:Lbullo. .u k: = 168.902 ppm

Step 3· Compare Ihe OH Ik pletlon Rote and Liquid OH M:lSS T ransrer Rate
Th OH d ten t h d th CO2 absorpt ion rate from air is compared to the 0 11 mass transfcr rate on the liq uid side ,

.
!'--=-n-. _ _[l:::,~: r~~......... . -

','

The rate at which 011 is depleted in the bulk. liquid is

O H""r _htll.... :- 2 ·C° 2m.....U n u !«) iq

The rate that OH is depleted atrbc surface i~

OHlkp_.......ful: t := Olld~ p - Oll......_bull

1'''' OH It d I ~t be eq ual to the rate of mass transfer to the surface

Step 4 - Compare the 0 " Ik pleUon Rate to 1M ffi3 ~fass Transru Rate
The COJ mass transfer rate should be half the surface 0 " Depletion rate.
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Oilk,

FS~2 :=
2

, Xc02_llIJIb·Cair,Q

Fsy2 =0.531,

Cro2 := ~pnDr(1 - FsylJ

C~XJ2 = 1R7.669ppm

OHdepsyl := OHdep

C02,.~'l := Ccn2

The depletion rate based upon the Hobbs model is

OHhobbs,),j := 2Xc,,2j.D1b·Cair,Q·PIlobbs(OHdata)

Figure 5·19. SY.101813100 Waste Temperature Preflle.
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5.8.2 SY·102
~I "-.17,,,",-I+::--,-,I.06=MOHaata := -

Z

,
[!:'T'lr ' I;:~: .....~-

..1T.y2 :-= IF

T SYp := T !lUp_s)'2

C03bu1k :"-' C03.y2
Stc th LI Id Side Mass Transfer Rates

C0 3,...llu.... -= O.646M

Oilliq_masuun,~r :"" ffiolU iQ(~Tl iq . T. up• I~iq . t\ank' OHd l ll • OHi.J!uc,,}

C0lmllsuran-,kr :-= LOCC13(AT1i4.T,up.~i'i ' "'-. .nk·C03t,ulk' C03(...guo",)

C0Zma"'_lraru;fer_liq := C1lc02Ji4(~Tl i'l ' T. up•Dh4. J\wlk·DH d11l1·DH U ue.. .C03t,ulk ' C03i guer;,)

Step 2 • Calcula te the Vapor' Side OH Depleti on Rate
The DEl depletion rate based upo n the C02 mass transfer rate is calcula ted.

Xeo2_bulk..guc Sl; ;= 103ppm

OH<t<op := ffioll_"i,(I\T '<)'2' T' up'Dll nk•!\U,k' OHiJ ym.C03u llCss' );,;02_bul......,,"><;)
Interate on the bulk air CO2 concen tration guess until it agrees with the calculated concentration.

( OH",)
Xeo2_bulk_ulc := ~Ik Q·- Z-

x"..il_bu11uak =. 93.637 ppm

Step3 · Compare the UH Uepletinn Rate a nd I.Iquld OH Moss Tra nsfer Rate
Th OHd I b d h C02 absorption rate from air is compared to the 011 mass transfer rate on the liqu id side.

The rate at which 011 is depleted in the bulk liquid is

O Hdcpjlulk := 2· CU2,.,lI'"_InIII'fer_h4

The rate that OH is depleted at the surfa ce is

OHdep_, OIrf;lCe := O H dop - O Hd epJ .., Ik

Th all rf J I ti I sr be eq ual to the rate of mass transfcr tn the surface

Step4 • Compare lhe 0" Depteuon Hate til the C03 Mass Transfer Rate
TIle CO} mass transfer rate should be half the surface 0 " Deplet ion rate.
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011>,

P~y2 :=
z

a XcdLamb·Cair"Q

Fsy2 = 0.74,

Ceo2 := XcoLpnnr(1 - FIly2)

C~u2 = 104.041 ppm

OHdep,y2 := OHdcp

C02 Jy2 := Ce02

"Thedepletion rate based upon the Hobbs model is

OHhobbs s)'2:= 2Xe02_wnb,Cair·Q·Phobbs(OH data)

.Figure S~20. SY ~102 8/3/00 Waste Temperature Profile.
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5.8.3 SY-103
Olldaln :== 1.86M

6 T\y 3 :"'"' 2.5F

Q := Q.y~

T,up :== T,..,p syl

C0ltIUTk :== C03"~]

St I C I I t th LI ld Side :\Iass T rans fer Ra tes

co.:\.,gu"". == 5.21H M

, ,
-","

~~ L ..:.:_l·~~:~m:~,,'

OHh<l -'lI~ .ll lll ld er :O:: WoHJiq(dT1iq ,T,u p .Lcnj~UY] ' E.Arank. O H dl l,i. O HiJUC'lll)

C0 3m" ,_rran' lt r := ('\...'In (ATIi<l ' T.up•Lc"" U y3' E·!\."k'C03c,ulk' C03q \>JeS.)

Co:z.n"", In.ll,ferJ ;q := <Oc02_li'l{~Tli 'l ' T,"p' LcIlI.IU yl . E·t\anko ()Hd1ta , O H,...,gll<"" C0 3bu1k' C0 3,..gu"",)

Ste p 2 - Calcula te the Vapor Side UH Depl etion Ra te
The OHdepletion rate blu ed upon the C0 2 mass transfer rate is calculated .

x.coL bulk-lue", :== 255' ppm

OHd•p := ffiuH_"u{AT,y3. T""I'.l\...k," tata' OH(..",=", . COJ i_~"e" . x.c02 hulk gllC\.\)

Interate on the bu lk air C02 conccntratinn guess until it agrees with the calculated concentration.

( OHd,,)
Xenl_hu\t_uk :-== ' hulk Q' - 2-

Xe02_huIt _CIIc == 253.54ppm

Step 3 . Compar e the OH Depletion Rate a nd liquid OH :\'Ia s-s Transfe r Rate
Th OHd I b cd h CO2 absorption rate from air is compared to me OH mass transfer rate on the liquid side.

The rate at which OH itidepleted in the bulk liquid is

OHdep_bull< := 2T0 2m...u nan,f.r l;,!

The rate that OH is depleted at the surface is

OHdep_,urf:1i::e := OH.:!tp - OHllep.Pult.

Th OH rf: d I I' I st bc cq ulll io thcralc oflllllsst rallsfer io the surt'ace

Step 4 · Compare the OM Depletion Rate to the C03 MlI~'i T ra l\sfer Rale
The C0 3 mass transfer rate sho uld be half the surface OH De piction rate.
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0"'-
F. y2 :=

,
,

x.:02..._.b·C~ir·Q

P,yl =0.296,

( c,,2 := \;o2_l'nnr (t - t"SY2~)

Cco2 "' 2Hl .7 11 ppm

OHd~I\J3 :~ OH.kp

CO;1) := CC92
The depletion rate based upon the Hobbs model ill

O~1):"" 2~_£nbC.\irQ·Ft...r.t..(OHdala)
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5.8.4 SY Fa rm Vent Eva lua tion

i dal. := 33

OHckpak :- Olldel\"l + OHdcJ\ ,,2 + OHtk-po;y:\-
C02,,,1+ C02"y2 +C~3

CO~) :-
]

C02w = 191.14 pprn

C:O~'llI :- 240ppm

(
C02"•• )

()Hd~pd_ :- I - ·Xe02 _ t..C';r'Qq. ·2I- lIroz..puU

~ mole
O~.._ - 1.913x 10- - -

..... }T

Figure 5-21.SY-Furm Carbon DioxKle Data.
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5.9 TANK A W·1Ol

Q_ l := 229cfm

T$up_.,.,1:"" SOF

AT. ...I :-= 4.7f

V$l.Lp awl := 736kgll]

Olldali ;= 5.6M

L\Tllq := OF

mol,
SlXXl- · I lJ>T

C03.....1 :'"
yr

V ""P__
1

C03...1 = o.Ol 8 M

L,;.mv ." := JOin

E:· .02
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OHtiq _m "'~_trnn >f"r :"" WoHJ i'l(al'li'l ' 'f,up. Lcru 'l ~w l ' E·""'. nk. Oll dall ' on, ill""')
C03Tr\BSl;_ml1..t~T :- 00c03(aTh'l' T,up. LCrwUl.wl ' E·I\.,.,k, COJ"ul'" C03i ....!! u"' . )

C02ma..~_lran.ter_liq ="" O\'"()U ;q{ATliq•T ~up . 1 'eN,l_awl ' E·AlInt •OHdau •OHl....gUe 'IS.C 0 3bU1k .CO\ ..£UCIU.)

Step 2 · Ca lcula te the Vapor Side all Deplenun Rat e
TIl C OHdepiction rare based upon the CO2 mass transfer rote is calculated.

Xeo2 ..bulk IUCliS :"" 325ppm

OHd"p :.- WoH _&i'(lt.T... 1.T, up. D(an" . I\"" k' OH i .I uc" ,CO\Xuc", ' "co2 bulk gU~")
Interate on the bulk air C02 concentreuon guess unt il it agrees with the calcu lated concentration.

( OH",,)
Xen2_l>utk_calc :'" ~"', lk Q. - ,-

Xeol...bullccaJc = 32 8 . 805 ppm

Step 3 • Compa re the Otillepletion Rate a nd Liquid UH Ma~s Transfer Rate
Th OH d I t' t b d th CO2 absorptio n role from air is compared to the OH mass transfer rate on the liq uid side.

The rate at which OIl is depleted in the bulk liqu id is

O Hokp _bulk :- 2·C02,,,,,,,,u r,,,,.I':rJ i4

T he rate that OH is depleted nt the surface is

O HdCPJ Urface :-.. OHdcp - OHdep_bulk

Th OH rf d 1 f t :<.tbeequal tolherateofllla ss lransfer to lhesurfaee

S tep 4· Compa r e the 011 Depletlcn Rate to the CO) Ma ss T r a nsfer Rate
The C03 mass transfer rate should be hal f the surface OH Deple tion rate.
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OHdcp

Fawl :=
,

XeoJ:_amb'Ca;,·Q
F

awl
__ I).lnn

Ccn2 :"" Xen2-pnnr( 1 - Fawl)

Ccu2 .= 365.339 ppm

OHdcPaw l := OHdep

i"ala :- 34

OHdepcalc, :=: OHdqI,-
C02.l.Ul := 379ppm

Ol-ldtpdatl. := ( I -
CO"'., )

·x,;o2_ilInb"Cai,·Q2
,~. :o;.oo2_pnftl

The depict ion rate based upon the Hobbs model is

OHdeplmhll. ;= 2Xeo2.nmb·Cair Q·Ft..x.t..(OI ld.tJ
IJ ...

Ffgurc 5-22. AW-lOl w aste Leveland Hydroxide Sample Data.
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OH hqJTlJ.88_lIiIlStcr := CI>oH..liq(t\Tliq•TsuP '~l1IsC. ..'I ' E·!\. ok' OHduu ' OH L..Ium)

C03",""~_l l'lln "ftr := 00cn,(t\Tliq •T. up•Lcru"'_~"' l ,E·A...k•CU\"" lk .CO\JlU~',")

C02m "'~~II'll " ~flor_l; 'l := Wc02J iq(I't.T1iq•Tsup'~1lI"' _~"' 1 , E · ~.nk. OHd3la•OHiJ;ut,•. C O\"I<.COJiJ;llO' '')

Ste p 2 • Calculate the Vapor Side 011 Depletion Rate
The 0 11 depletion rate based upon the C0 2 mass transfer rate is calc ulated.

x..'02_bul l _lIuc", := 284ppm

O Hlkp := CdoH..lOilS l'"wl . T,up' 0.••1;.~"nk ' OH i..J!uc",, ' C03j..J!""''''' ' x......2_bulk..J!"".J

lnterate Oil the hulk ai r CO2 concentratio n guess unt il it agrees with the calculat ed concentration.

( Olld")
~oU·ut k_cak := xt.ulk Q ' - 2-

\;"U)ulk..cwc ... 278.586 pp m

Step 3 - Compe re the OH Deptetlon Rate a nd Llq utd OH Mass Transf('r Rate
b H d I b ed CO2 absorption rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which 0 11 is depleted in the bulk liquid is

OHdcp_bulk := 2.C0 21lIUs, _1Ia.1>fcrJiq

'(b e rate that OH is depleted at the surface is

OHdt p_,hlfoce .e OHdt p - OHd~ p_b\l t k

TI 0 11 rf d I I' t st be equal 10 the rate uf mass transfer to the surface:

Step 4 · Co mpa re the 011 Depledon Rate to the COJ MDSS Transfer Rate
The COl ll1l1NNtransfer rate should be half the surface OH Depletion rate.
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m""
Fawl :=

z

)(,;01 arnb·Caii Q

Fowl = 0.226

CC<>2 := :\c<>2_l'nnl'( 1 - 1-1....-1 )
Coo2 """ 309.54 ppm

Figure 5-23. AW-lOl Carhon Dioxide Data.
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5. /0 A W-Farm Yentilation

Figure 5-24. Aw -Farm Carbon Dioxide Data•

-oo
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.0
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100Q
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50

0
12: &98 12/6/99 1215100

T able 5-1. AW-Farm Ventilation Flow Rates.

Tolal
FCD Flow Flow
(elm) (ctm)

AW 101 125 229
AW 102 70 174
AW 103 35 139
AW104 35 139
AW 105 35 139
AW106 35 139

Total FeD Flow (cfm) 335
Total Farm Flow (cfm) 960
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5.10.1 A\V-Farm Tank AW-101

There temperatu re proflles for Periods I and 1....'0 are shown below . The anal yses for Section 5 .9 will be used.

Q....I := 229cfm

l mole
OIWePa.1 = 9.499 x 10 - -

"
""",,-,

F.-I :=
l

X,;02__allob'C", , ·Q a.. 1

F..d = 0.087

C~l,)l := ~o2-P"nr( 1 - PIW1)

CellZ= 365.331) ppm

The depletio n rate based upon the Hobb s mood is

OHhobbsawl := Ol~--
Figure 5-25. AW-IOI Vapor Space and Supernatant Temperatures,
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5.10.2 AW·FARM TANK AW·102

Qaw2 := 174cfm

Tsupaw2:= 70F

Ll.Taw2:"': 1.P

v,up_iw2 := 600kgal

OHdata :== .57M

30000 mole -Hlyr

C03aw2 :=
yr

VSll P a....2

C03awl =O.132M
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T..p := T"'I'"....2

C0Joolk 7= C03a w2

Ste I I • Calculate th~ Lh uid Side l\I a~~ T ranster Rates

OHliq .ma~ur~~dl'r := <OoHJ;q(I1T\;q,T~up ' ~;<l ,At .nk ' OHd .t~ , OHi ogues,)

C03m",s.lron,f"r := (1~.:03(.6.Tliq , T"'p' ~iq .Atank ,CO~"Ik ,C03i _&"m)

C02,-".. o r"", fef_liq := WcoU ''l(.6.T1ilj •Ts,,!,.Uuq•i\.m..OHdllU1,OHi~"""'" C0 3t,.,1k •COJU\lC",)

Ste il 2 • Ca lculate the Vapor Side OH nepteuon lbl te
The OH dep let ion rate based ufX'J n the CO2 mass transfer-rate is calc ulated.

Xeo2~hul kJ, " ""' := 61ppm

Ol ld"p:c:: (tJOI-'LaiAAT ' '''2 , Tsup•D1anl.. Atanll;. OIl i ---," ,""" C03j _s ue", ' x.:o2_bu~ue<s)
Interate on the bulk air CO2 concentrat ion guess until it agrees with the calc ulated concentration.

{ OH,o,)
l(,; l>2 bulk cllk := ~"" Q,- - -- - 2

Xcol _bulk3 aJC = 62.9'.15 ppm

Step 3· Com pa r e the OM Depletion Ra te and Li quid OH Mass T ransfer-Ra te
Th OH d I h d th CO2 ahsorptto n rare fmm air ts comp arcd 10 the OH mll S ~ tra..sfcr rate on the liquid side.

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

OHdep_bull< := 2·C02mas.._lr""s(~·Uiq

The rate th ai OH is de pleted at the surface i ~

OH dclu urrace :""' O Hdep - OHdep. bulk

Th OH rf d I . st be equ al 10 the rate of mass transfer to the surface

SIt'P 4 · Compa re the OH Depletlon Ra te to the 003 Mass Transfer Rate
The CO) mass transfer rate should be half the surface OH Depic t ion rare.
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no,""

F....2:=
z

\;oz_.......-CUf·Q

F. ..2 = 0.825

Ccn2 := ~n2_pn nr( 1 - F....2)

C COl = (JIJ ,IJI)4pprn

Olldep.w2 := Ol llkp

OHoJ,."J>a,.l,
Fu I2 :=

""v:Lamb-CIlir ·Q_ 2

F. ...2 .." 0.825

C~02 := ~a2-1'IlD..( I - F•.,z)
Cw2 = 69,994 ppm

The depletion rate b ased upon the Hobbs model is

OHhobbs.w2 :; 2Xe02 UIIb·C.. ..Q-~(OH.wJ

..rlgure 5~26. AW-I02 Wasle Volume and Hydroxide Oata •

, .e •ecc
• "'I' WII~'"

f-
• "' W-l al1"I40 0.1lO

" ____ ... w l alI _ \(_ ..00

....... ...I' Wl_..V_

! 01 .=•,
i! u • -- .~ .

S e.

§" • !-~S
• i. ~ -- - - -• •s
•
t ~ ...
" - =

f--

I"
,

11.1$11 .- ~ -" ,~ """ ..,W 1:1'.00

8 -174 of 8·280



F"g~ 327 o f 440 Of 0A0 6023333

RPP 26676 Rev 1
.~

CAUSTIC DEPLETION JMI-NB-05010101, Rev 1

( I"'" MECHAN ISTIC MODEL
ENGINEERING NOTEBOOK

1t'i~lIre 5·27. AP. I07 w aste Volume and Hydroxide Data.
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Figure 5-28. AW-l02 10/10/99 Waste Temperature Profile.
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Figure 5-29. AW· I02 Vapor Space and Superna tant Temperatures.
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S.IO.JAW·FARMTANKA W·I0J

Q..'d := 13IJcfm

T~~a...s > 70F
The vapor space temperature exceeded the supernatant tempe rature tor Iwo out of three data points.

6Ta..., :"" - .IF

V.nlidoaw] :"" 313kgal

V, "p_Iw3 :"" 5lOkgal- VwlidSllw.l

OHd l1l := .57M

mole
~--ooסס3 l Ow" .C03•• 3 := --:-:---"---

C0Ja..-J= 0.402 M
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Q:= 0..",3

T,up := T6up_. ...·l

CO\ulk := C03. ..'3

Ste 1· Ca lculate the Li uid Side Mass T ransfe r- Ha tes

Olll ;q .m .\.~<..' rn n\f"r ;= OlrnU iq( tiT liq• T <up '~iq' A1ank• OHdata•O H,...llucss)

CO:\n."'U"Wl>f~T := C!\.'03(tiTli'l ' T.up.~'q . l\an k. C03t,ul k ,CO) ; .,ues,)
C02mM,u ran.feU 1q := tUc02Jiq (6THq•T. up • L~ iq . #\ank. O Hdala• OHu u. ", .C03bU1i . C0 3i.....1! uc,,)

Step 2· Calcula te the Vapor Side 011 Depletion Ra te
The OH deple tion rare based upon the C02 mass transfer- rate is calculated.

xC02~buliJ:ue5S := 217ppm

Olldcp := OOoH_ai~8Tn ...3' T sup.Drank' #\nnk,OH i gue" . COJLg"",,< .Xe02~hUlk...llU"",,)
Interate on the bulk air CO2 concentrancn guess until it agrees with the calculated concentra tion.

( OH",)
Xeo2~b ulk_calc := XtM,lk Q'-2-

XaJ:Uuli..u lc= 215.207ppm

Step 3· Compare the OH rkplelinn Rate a nd Llqufd OH Mass T ransfe r Hate
Th O H d I b cd h C02 ahsorprion rote from air is compared 10 the OH mass transfer rate on the liquid side.

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

OH,J~p_buu.. := 2·C02m"", uan,f~r liq

The rate thai OH Is depleted at the surface is

O Hdcp-,u rf""" := OHd•p - O Hdep_hulk

Th OH rf d I sr be Cf.IUaIIO the rate of mass transfer III the surface

Step 4 - Compare the OM Depletion Kate to the C03 Mass Transfer Rate
The C03 mass transfer rate should behalfthe surface 0 11Depletion rate.
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0""
Fn..J ::=

a
X..:o2_omb-C lir Q

Fa...] -'" 0.402

CCl.'2 ::= X.,;o~L-pn nr (1 - F•• ))

Cr02 -", 239.119 ppm

OBJeP.....3 := OHdep

Olldep_ l,
FH... J ::=

:'t,,02_lITlb· Cai r-Q....·3

Fa...l := 0.402

Cro2 ::= \:o2_pnnr (I - F.w3)

CC1I2 .::.239.119 ppm

TIle depict ion rate based upon the Hobbs model is

OIlhobbs....3 := 2Jl,;02_lUub·Cair" O Fhobbs(OHdlla)

Figure S~30. AW·103 Waste Volume and Hydrox ide Data.
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Figure 5-31. AW·l0310110199 Waste Temperature Profile.
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Fjgure 5·32. AW·I0J 10110199 Vapor Space and Supem ataln Temperatures.
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5.10.4 A IV· FARM TANK AW·104

Q~"4 := J39cfm

TWll an := 70F

ATa~ := U P

VlOlidlOO..... :,.; IS7kgal + 66kg41

V,"!' a'*4 := 1118lq:1l! - Vsai<N .,-4

OH.wa :"" .07M

)00))~.IOyr

C03.t\1o'4 :'"
IT

Vwp_-,

COJ;r.04 :;;0.089M
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T.up :== T~lIp .a",4

CO~ullt :== C0 3.",4

S It' 1 · Ca lcula te the Lie uid Side ~faSli T ra nsfer Rat es

O Hhq_m.....J f3JIder := l'iIoH.Ji'l(~Tli'l . T. up•OJ;q. AI •." . ' OH<fuIa' Oll;-t.""..)

CO]ma..u ,amfer:'" OOt:m(ATliq•Twp'Dhq . Alank , C03bulk . CU3u~,,)

C02masu ran.fer_liq :== Wrco2jiq(AT1i'1 ' Tsup,Ilj ;q' A..nlt' OHdala,O H'Juc",, ' CO\ullt. CO\ -l!''' '''')

Step 2 • Calcul ate the Vnpor Side 011 Depleti on Rate
The OH de ple tion rate based upo n the CO2 rna :<..... transfer rate is calculated.

XeD2_bulk-JIu"".:= 123.5ppm

OHdCP ;=::: ("''cJH _ai~AT1",4' T sup-~ank ' !\ank' UHu uess , C03U l"'-"'" x,.'oLbIllk-l U' '')

lnterate 0 0 the hul k air C02 concentratio n guess until it agrees with the calc ulated concentration.

( OHd")
Xeu2 _bulk "uk;: = xt..Jlk Q ' - 2-

Xeo2_bulk...ulc = 123.657 ppm

Step 3· Com pa re fheO H Depletion Rate a nd Liquid OH Ma AA Transfer Rate
11 OH d I h d h C02 absorption rail' from air is compared to the OH mass tran sfer rate on the liquid side.

The rate at which O H is dep leted in the bulk liquid is

OHdep_bu llt :~ 2.C02",""'U,an.o; f"Ui q

The ra te tha t OH is depleted a t the surface is

Oll de" ."m",,,:=OHdop - OIlMp_llulk

Th 011 rf d I st be e qu al to the rate of mass transfer- to the surface

Step 4 · Compa re the 0 11 Deplerton Rat e to the C03 Mass 'I'rursfer Kale
The CO] mass transfer rate should be half the surface OH Deplet ion rate.
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.....,
p...<4 := --....:.-=--:c

~c1_..... C...·Q

F•• <4 = 0.657

Ceu1 := Xa.2 p ...d I - F•• ~)

Ceo,! = 137.397 ppm

",~o2 .......c;..Q....-1

F.p4 = 0.657

C<;U1 := x"...,Lp.... ( I - F.M )

C~'U2 = 137.397 ppm

The de pletion role base d upon the Hobbs model il>

Ol--fhobb!,..... := 2KcOl2_"",,,·C.,..Q f hobt>l(OHd.IJ

Figure 5-33. AW-I04 wuste Volume and llydroxide Data.
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Fi2U-re 5·34. A'V-I04101l0l99 Waste Temperature Profile.
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Figure 5-35. AW-I04 Vapor Space and Supernatant Temperatures.
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5.10.5 AW-FARM TANK A W.JOS

Q,..., := n 9cfm

Tsup_... , :=010f

~TI'N~ := " .IF

v solldnw' := 263kgal

V,"p_~w5 := 425kgal - V,01idSll'''~

OII(\,ta:= .25M

mole
L0000-- I""

C0 3. ...~ :=
,.

v iGP......~

ro3,w~ = O.I63 M

8·187 018 ·280



s ese 340 of 44 0 o f DA06023333

RPP·26676 ev 1

cxusnc DEPLETION
MECHANISTIC MODEl

ENGINEERING NOTEBOO<

JMI-NB-05010 101. Rev 1

Q :: Q_~

T>lIp :: T"'P _""'~

(.'()3t.uJt :: C03.w~

Ste I - o.h:uhllelhel.l uldSldc~la~~ TransferRates

O i lliq nl_. Ir....kt := ~)l-Ujq(~TUq . T. up• [~iq . Aunk.nHd alll . OH i-l ""~')

C0 3,n... ~lo:. :: (l~XB(~Tliq .T""I" ~ i q ' /\'''k . C03t,., Jk .m3~g)

C02ma3ll_lnlIskT .... :: ffi(uViq(.dT1iq .Tsup•~iq . /\' an• . OHcbr.a . OH'-IIa/:U' C0.\utt . t.'03~)

S~p.2 · u lcula te Ole vapor Side UH Depled on Rate
The OH depletion rate based upon the CO2 mass transfer rare is calcul ated .

lrol_bulkJuna:=O 217ppm

OHlkp := Cl\-JII_.,JhT...s.T"'P ' Ut.allk'1\-1.0 11...._ .C03( aur- ·x,,02 boIhl_,....,.J

Interarc em the bulk: &ir Cm concentratio n guess unti l it agrees ....i th the ca lculated concentration.

_ ( OH....)
\:ol_boIlk. fak :=~Q.-,-
x"""z..blflLfak = 215.208 ppm

Step J - Compare the Oil Depletion Rate a nd Liquid OIl l\ht!>1ll 'r ra rerer Ra tt"
III OH d I b d h CO2 abso rptio n rate from air is compared 10 the OH mass transfe r rate on the liquid side.

.
.,1"7'"'

~ -=-= ~ i!JJ:l [0<:::;:=
. '"

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

Olldt p_bullr. := ZT 02m.w_IrMd....Jiol

The rate thai 011 is depleted at the surface iH
OH ""p. .... fllCC:= UHdep - UH d...p_huill

Til DB rf d I t" I Mbe eq ual 10 the rate of ma~ Intnsfer 10the surface

Step " . Compa re the 0 11 Depletion Ral~ to 1M COJ )'Ia ss Tnutlfer Rate
The C03 IDlm Ir.m~fcrnltc ..hould he half rhe surface OH Deplet ion rare.
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"'...
F....~ :~

a
~w._IlDIb · Cair"Q

F...~ =0.402

Cc02 :~ x,..w.J'f,nr ( 1 - F. ...))

C~' l.l2 = 2J9.12ppm

Ol llicpa1'''~ := OHdcl'

Ot\do.l' ...,

F....) :=
,

J.c02_IlJIb"Cair"<4v,s

F..) = O.4U2

C", :' '<01J>OO1-( 1 - r~,)

Cc02 "" 2J9.J2ppm

The depletion rate based upon the Hobb~ model is

OHhobb<i.....1 := 2x,,02 IlJIb - Cau "QI~(OI I".,J

-
Fjgure 5-36. AW-l 05 \Va...te Volume and Hydroxide Data.
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Figure 5-37. AW-l0510111199 Waste Temperature Profile.
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Figure S-38. AW-IOS Vapor Space and Supernatant Temperatures.
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5.10.6 A If-FARM TANK A If-l06

~:~ 139dm

T,"P_av.6 := 35F

~Taw6:;; .IF

"..M.a...6 := 283141011

V"'1'_J.~:= 740kgal - V....1d..wf\

See AW102 for onccncentraticn fcr last tranejcr.
OHdm.l. :;; .58\ of

3UOOU~.1O)T

C03, ..\,> :=
yr

V"p_,...6

C03,,"" ~ 0.173 M
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uld Side Mass Trunsfu Rain

OHI"l-mns_tnM.... := ~IUiq(AThq . Tsvp.~.A,onk.OHdaUI..OU; ,otn.)
CO\n~'_lnlII> l.". : -'-' Wco3(AT liq ' T"'p' Dtiq.Ala"t .CO\'ulk,CO:\-IIlI:...)

C02m...._lnD, t.,Ji'l :- weoU.q(aTliq•T. up•Dt;q.~;m", OH.wa. OHuucu .CO\.ulk' COJi _,u•••)

Step 2 • Ca leula te the VaJKIrSide O H Depletion Ra te
The OH depletion rate based upon the Co2 mass transfer rate is calculate d,

x..-02_bun'--E""" :'" 97ppm

OIl.J..p := WaH 1i~ i\TI"f> ' T"'p' o. lllk' !t,ank' OHI..J\lf:W; .C03L,~", . x..'02_bult-latsJ

lntera te on the bull air C02 co ncent ranon guess unnl it agret'Swith the calculated concent ratio n.

( OH",)
.\cn2_lNtk. uk:= Im..~Q. - 2-

~oU""II<_(ak = 91 .151 ppm

StC'p J - Co mpare the 011 Depteuon Kalil' a nd Uquid OH -'Ills.<! Transfer Rate
Th 011d I ti I b sed lh C02 abso rption rate from air ilo co mpared 10 the OH mass transfer rate on the liqu id side.

.
:Q:,.= I;,",.,rr;;~

- '"

The rate 31which Oil is de pleted in the bulk liq uid is

O IId. p_hulk := 2·<"'02ma.u ,w5fc:rJiq
The rate that OU is deple ted at the surface il;

O Hd"P ... rf""" : '" O l ldq> - O Hdql_bulk

Th 011 rf J leri I Ml'lccquallo the raleofmass transfer tothe lOurfotce

Seep 4· Compe re the 01 1Depi ction Rat e 10 the C0 3 Ma...."Tra'l'orl'r Rule
The em ma~~ transfer 11I1e should be h alf lhe surface OH Dep letion rate.
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Ct 02 :'" \:n2-P"nr (1 - l' MWt.)

eel'l2 = lUH.612ppm

Fr,006 = (I.m

C"" 0= """...... ( I - F•••)

Cr02 = 108.61 2 ppm

The deple tion rate based upon (he Hobbs model i~

OHholn;aW6 := 2Xr02 MlIb"ClPf"Qr"l!obb.(OI l.J.,..)

Figure 5~J9. AW· I06 Waste Volume and Hydroxide Data.
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Fij:ure5-40. AW·106 10110199 Waste Temperature Profile.
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Figure 5-41. AW-I U6 Vapor Space und Supernatant Temperatures.
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idlll~ := 35

OHdfrc .~ := OHdep.",1 + OHdePaw'l + OHdep~....J + OHOeP."'4+ OHdep~"" -+ OHdepaw6

"" ..~ mol
OH.,ppl: 31~ '" 2.239 x ill-

',I.,. yr

OH..u,rhnNl~ := OHhobbs.w1+ OHhobbs.",2+ OHhobbsawJ + OHhobbs..... ... OHhobbsaw3 + OHhobM. w6

""
L'02.:I... := 2S2ppm

( CO"",')OH~. := 1 - · llc~ .191f Clir·Q.....·2""" ""'--"'" -
_, mol

OUdt p6.. .. ::::: 1.699 x Itr-
,_ )T

~;..,.,
ltw2 .u,·Cu ·Q....

F..... = 0.488

C~V: := ~t_F.d·( 1- F_ )
Ceo! =204.914 ppm
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5.10 TANK AN-IOI
5.10.1 Period 1

Qanl ;- 92 cfm

Tsup_an l :: 6SF

&T. ft l :: .04W

V~\clllr.~ :: Gkgal

V,"ltcale
1... llcd1C:- ---

A10n k

I~hcakc "" 0 in

V up_AlI I :: (S7in-AtanJ - Vu llc•le

Ol l.i... :: .4M

4Tb<j :: OP

~le
20000- - -IS)T

CO)...1:= "vsup_M I

CO)...1 : 0505 M

OtJ.q - 4 in

Table 5~2. A N"-f4'arm Ventill.ltiun Flow Rates.

Tank FCS Flow crm
Total Av orage
FCS Total

ECN F" " Row
N"""", ECN Date AN t Ol AN102 ANI 03 AN 104 ANt05 AN106 AN I O] (clm) tcrm)

710248 5.1611999 60 60 100 '00 100 60 " 540 764

661166 81'31f2000 60 60 60 60 eo 60 60 420 764

666412 51712001 60 60 eo 80 60 80 90 450 764

666600 &2"'0')1 80 90 80 60 60 60 60 450 764

TOIai Tank Row fermi

ECN

""""'" EON Oat. ANIDI AN ' 02 AN103 ANl 04 AN1D5 AN ,06 "' HID]

710248 S"&'1999 92 92 ' 32 132 "2 62 62

661166 813112000 10' 109 109 109 109 109 ' 09
666412 507"'"'' 106 !C" lOS lOS 105 lOS 135
666600 6127flOOl lOS 135 lOS lOS 105 lOS 105
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Q :~Qml

T~y p := T~p_llII I

C03ooIk := C03.n]

St I Cal ul r th LI 'd Side Mass Trarsfcr Rate s

C03i_1ues."~ 0.687M

•

I£l! .'J"~._~_·,---=,;:f_r!I;:;[1j~
~- -- :.~

OH1iq JTla<.urand" r: "" ffi(lIUi'l(ATh'l' T""p' 0t,q , Alank,O Hdall ,OHt.JP:~ C Sll)

COJ l1I lM lIon,fer ;::: (t>c:m (li.TIi'l' T"'p' ~i'l ' "'ank' C0J.oYlk,CO J iJ YCSS)

C02,n"". !lan,fer !iq := WcoUiq(li.TIi" ,T'UP' ~iq ' "'. nk ' 01101•1.11 ' OHiJ um ,COlt,ulk'C03;Ju"",)

Step 2 · Calculate the Vapor Side 011 Depletion Rate
The OHd ep letio n rate based upon the CO2 mass transfer rat e h cnlculuted .

x..v2_bull....!um := 84·ppm

O Htk.l' := ClluH_lliJ tl.T.nl •T.up' D\""••1\ ...,••OH'-lUO:"" COJ i_V "" seea hulk. .j": III'$S)
lnrerare on the hulk air C02 concentrat ion gue.~~ unt il it agrees with the calculated concent ration .

( OH" ,)
Xe o2_hulk-,"lc := xhulk Q,- -, -

;>;";02 bi,l• ..calc = 84.264 ppm

Step 3· Compar e the all Depletion Rat e and Liquid OH Ma ss Trami er Rate
Th OHd I I b d Ih CO2 absorption rate from air is compared to the O H masss transfer rate o n the liquid side.

The rate al which 0 11 is depleted in the bu lk liquid is

O Hdcp_bulk := 2 · C02milS~_lnlll, fcU i q

The rare tha i OH is depleted at the surface is

O H dcr_"urflloOc := OHdcp - O H dcp_hulk

'111 OH If d I t st be eq ual to the rate of mass trans fer to the surface

Step 4 • Compare the OHDepletion Rate to the C03 Mass T rarster Rate
The C03 mass transfer rate should be half the surface OH Deple tion rate.
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OHd~ p 4 mole
- - = I.h!l1 x 10 --

2 "0",,_

"'",,1 :=
2

Xro2_~mh·Cair· Q

f an l = 0.766

Cc.n2:== Kcn2 ('nnd I - F,nl)

C~...2 == 1)3.627 ppm

idala :== 36

Olldr pc~ 1c :== Olldrp
,~.

C02.lala :-= 7Jppm

( C020•• )OHd~l'd<ll1 := I - ' Xco2...amb·C:ur,Q·2
'dlh ~2_pnnl

The dep letio n rate based upo n the Hobbs model is

OHu.,pw.t.. := 2x.:o2 . , ~mb· C ~ir·Q-r'hubm.(OHdllJ
, ~."

Olld ataan I I := DlI data

Ffgure 5-42. AN-lOt waste Volume and Hydroxide Data•
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Figure 5-43. AN~101 7115198 Waste Temperature Profde.
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Figure 5-44. AN-101 Vapor Space and Supernatant Temperatures.
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Figure 5-45. AN -l UI Carbon Uioxide Data.
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5.10.2 Period 2

ATL:l l :"" - .OIF
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,

~1~':"_'P.~

T,up:= T.up_1IIl 1

CO'\'ult := COJonl

Ste 1 Cui I I th LI IdSide Ma ss T rans fer Rates

• • ......
r.T... I !-r....:..:.:a[,l.~:~~

'.'

OH1iq....rna""_l,m' fer := OO(lIU iq(IJ.Tliq. T.up' (~ iq . A1",,\r. ' OH d..u ' OHi....l!uc",)

C031n .". _tnul,f~r :- 0Jc03(.1.T1itj •Ts~p. ~iq . t\'lJl!r..C03bulk .COJi g.eo,)

C02m""_1tan~feCliq ;= l"I\:UZ_Ii<l,( ATliq•T,up. Dhq•Alank•OHdat.l' OHuucss ' CO'\ulk ' C0 3u:ucss)

Step 2 · Calculate the Vapo r Side OH Depletio n Rat e
The Ojl deple tion rare based upon the C02 mass transfer rate is calculated.

Xell2_bult.,.gu~!IIl := 2J lI·ppm

Olldep := WoH_. A.1.Ton! ' T,up. 0l anlt . At..~t. OH, iIJe5" C0 3i guess · Xeo2 ...bul\r. g,oeo;s)

Interate on the bulk air C02 concent ratio n guess until it agrees with the calculated concentration.

( OHd")
~02 bulk .01.:= :\oollt Q.--- - 2

'-,;02 htllk ,calc '" 227.904 ppm

Step J . Compa re the 011 Depletion Ra te and Liquid 011 Ma ss T ra nsfer Rate
Th OH d I b d th C02 absorption rate from air is compared 10 the OH mass transfer rate on the liquid side.

The rate at which 0 11 is depleted in the bulk liquid is

OHd~p_bulk := 2 .c..U2ma.u,andeUiq

The rate that OH is depleted at the surface is

OHd~I'_""'lace := OH&p - OHd' U lll lk
Th OH It d I . st he e qual 10 the rate of mass transfer to the su rface

Step 4 · Compare the OH l>epletlon Ka te to tne UB Moss 'rransrer Kale
The em mass transfer rate should be halflhe surface all Depletion rate.
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OH 1
~=8.08x I03

mo e

2 'fi
0,,",

Fool :-"
z

Xeo2_unb·Cair·Q

Fan l '= 0.367

Ceo]:'" .llcn2--P"nr( t - Fan.)

Ceol = 253.227 ppm

idata := 37

0H.:Jepo:;ak. := OH dcp
,~.

C02.:.ml:= 28lppm

( CO;• • JOHdepdall, := I - -Xcol_amb'C air"Q-2
' dria Xu.2_plllll

The depiction rote based upon the Hobbs model is

OHdcphobba_ := 2XeoLlUlIb·Cllir·Q F11llbb,(OHdata),-
OHdataanI 2 := OH data

8-205 of 8-280
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Ffgure 5-46. AN-IOI w aste Volume and Hyd roxide Data.
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Figure 5·47. AN-lot 7115/98 Waste Temperature Profile.
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5.11 TANK AN· 103

Q.".:\ := 112d m

T""f>_anJ::;;; lOOP

taTAA1 := &TillI3

VUlli;aJ;.~ : "" 459kgal

VS~II_all l :- (349in' ~anJ - VOlI~<w;

Oll dlll := S.OM

OHdali\an l :'" OHdat l

liTiIj := OF

mule
9l1OO - - ·8)T

COJaIlJ :-
,T

V~_an3

C03u ) '" 0.038M

25m
r'I:TIl11 .In.' ~ 25in -+ - -- 2

4.nat_..N = 37.5in

8-200 of 8·260
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OH1i'l_m",._llan.fer := WoHJ i<l.6.TIi'l 'T~up . Lc,u..u .nJ . E·!\an k. OH,j4l1' OH;--II ....."..)

CU3m,,-s_lniIl~fcr :'" lI\;03(.6.Tl,q•T!<Up' LerusLiIIJ ' E·Arank' C03t,u lk ' CO)lJUC"Il)

C0Zm.." _,,,,,,dor_li'l ="" Olc:oUiq(.6.Tliq•T ~Ul" Lcru ..u nl .E-A.. nk.0 H.1.1I1' OHi. t:u"",~. CO~lU'k. C03i _1u.",,)
Step 2 • Ca lculate the Vapo r Side OH Depiction Rate

The OHdep letio n rate based upon the CO2 mass transfer rate is calcu lated .

xc02...bu!l...gue",, := J29.:'ippm

OHd<-p := OOoH_.iA~Tan)' Tlup' DtaDk•i\am.. OIILgues, ' C0 3i _i ue.. ' ~'O2 _ bull g..., .. )

Interate on the bulk air C02 concentration guess unt il it agrees with the calculated concentration.

( OH",)
\:02 hulk u :': := ~b ulk Q.--- - 2

~.uLbulk3'lk = 330.34 ppm

Step J • Compare the OH Deple ilo n RH t.. and Liq uid OH Mw.~ Tra nsfer Rate
Th OHd 1 b d h CO2 absorpti on rate from air is compared to the OH mass transfer rate on the liquid side.

The rate at which O H is depleted in the hu lk liqu id is

OHder_hulk := 2,C02ruasur.,,<hrJ lq

The rate that OH is depleted at the surface is

OHdt.'P_"UrfIcC := OHdcP - O Hdcp_blllk

Th O H rf d I sl he cqualtu the rate of m ass transfertu the surface

S tep " • Compa re the OH Depletion Rate to the u n Mass 'l"ro l\.<lfer Ra te
The CO) ma....s t ransfer rate should be half the surface OIl Depletion rate.

8-209 of 8-280
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OHdep = 2.603 X 10J mole
2 Y'

D"'
2

Fan.3 = 0.082

Cc02 := Xe02.-pnnr( I - J-I1II3)

Cc02 = 367.045 ppm

OHdep~n3 .e OHdep

i data := 38

OHdepc1l1c := OHdep

'.~

TIledepletion rate based upon the Hobbs model is

OHdephllbba := 2Xe1l2_Imb·Cair"Q·PhOhbS(OHda1a)
Idola
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Figure 5~48. AN~103 waste Volume and Hydroxide [lata.
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Figure 5-49. AN·l03 Waste Temperature Pro file.
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Figure 5-50. AN-t03 Carbon Dioxide Data.
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5.12 AN-104

x...:"Lpn~1 :=0 4 JOppm

O Hdep := O H""P_"" 4

0",,-

F"n4 :=
2

\;02 llJIIb-C",r"QHn l- ,
1'.,,4 =0 0.168

Ccn2 := \;o2_pnnr( 1 - Fan4)

CC1l2 = 341.314 ppm

ioi. t~ := 39

OHdepcok, := OHd~p
' dOl'

C02.J. ta :'-" 365ppm

( CO".. )O Hdepda13 := I - -x.:o2_,mh,C.ir" Q -2
'<101, It,,1I2_pnDI

The dep letion rate based upon the Hobb s model is

OHdep~I" :~ 2~2 amh-C'ir-Q Fhnl>h~OHhanfun:l d.d' )
1_ - - 1

Ffgure 5-51. AN-1M Carbon I)ioxide Data.
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5. /3 AN· IOS

O H d•p := ()Hd"l'_an_~

U"'"
Flills :=

z

:'Iea2_amb·C;\Ir·Qve~ll

FlI05 = 0.176

Cr02 := Xw2_pnnl"( I - Fm , )

Coo2 = 337.751 ppm

id KIK := 40

Olld. pcak := Olld. p
'ell"

C04l.13 := 369ppm

( CO>,,,, )
OHdopdata. := 1 - ·:'Ie02 .unb·Cii r"Q· 2

'.... Xeo2J"'nl

The de pletion rate based upon the Hobbs model is

OH<.lc¢Jobbs := 2~1I2 _lIJnb·CUr·Q·FtlUbb,(OHtlWlf<.>nl dat4,)
'd... -

Figure 5-52. AN-lOS Carbon Dioxide Data.
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5.14 TA NK AS.106
The wa ste temperatu re profiles for the 1\\'0 ne asuremeor period" are tJlo\\on belo w. The supematant teneerature exceeds the vapor
sp ace tcmpcnuure for bo th periods,

QlIIl6 := 9"...chn

Vs-p_II'6 :"" 38kgal
The OHconcentration is shown in the figure below.

OH~ ..:I. ="" .22M

lOO<X1 mok . 6~
Y'

Vsup_ri

CO.Jn "" OA1 7M
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Q :- 0 l1li 6

T~up := 64F

&Tan6 :- .0 11"

C0300ll:. := c..'03ano
5 1 1 Ca l I I Ih L- 'd Side Mass Transfer Rail' s

OH1iq_ma.... _transfH :- ~1I_~q (.&Tl iq, T,up.~q . A..nk. Olldal•• Olli--$u~,,)

C03",.. s lJu . fel :- WCOJ(AT1iq.T$up , lJ]iq , J\ 31Ik. . CO~ll . C03U:""")

C02m3llI_lnIllfcUiq := CUc02JiQ(.&Tijq. Tsup•D~q . A.an!;. . OHdata•OHi...I: U~~ ' 1 C03t,ull ' COJU UCSI)

Step2. Ca lcula te the Vapor Side 011 Depletion Ra il'
The OHdepletion rare based upo n the CO2 mass transfer rate is calculated.

x.::...2J:M,lk...t:1le\., := 119·ppm

OHdep :- WoH_nJ.1.To.n6 ' Tsup' Dtanlr. . ~anI<' OHi--!u~,, ' C03U:""" .Xeo2_bu lk--!u~",)
Iruerate on the bulk air CO2 concentration guess until it agrees ....i th the calcula ted concentration.

( OH",)
~1I2 _hu lk_c.l.k: := "'t,l1lk Q. - Z-

Xe02_bulk_~.k: = 11 8.926 ppm

Step 3· Compare the OH Depletion Rate a nd Liquid OH Ma ss Transfer Rate
Th OHd I ti t b d th CO2 absorption rate from airis compared to the OH mass transfer rate on the liqu id side.

OHdep_bulk := 2·C°Zmasu ,ansfrc!iq

The rate that 011 is dep leted at the surface is

OHdrp >urf;o,.,, :-= OHlkp - OHd•p bulk

Th a ll rf d lett st be equal to lherateof mas.~trans fer lo thesurface

Step 4 · Compare tile Oil Depletion Rate to the C03 Mas.~ TrlIo ll~ re r Ra te
The C0 3 mass transfer rate should be half the surface OH Deple tion rate.

6 -216016·280
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OHdel' [0 4 mole-- =: 1.475 x
2 l"

0"",
Fan6 :-=-

a
~o2_amb·Cair" Q

Plll16 =: 0.61

Crol :=: l!.rol-JK10r( I - FUll)

Ceo2 = 1] 5.44 3 ppm

i.J.1I :=: 41

Olldepr, k: := OHdep
.~.

C02d•ta :=: 190ppm

( CO2"• • )Olldcpdau, :=: [ - "l!.roU mh·Cai( } 2
'wa. Xco2_pnnl

The de pletion rate bas ed upon the Hobbs model is

OH.J~-pJ ,,*,bIi :=: 2x...XlL .mb·C air·Q·Fhobb,(OHdata).-
OHdllta,.,,6 := OHdata

Figure 5-53. AN-I06 Waste Volume and Hydroxide Data .
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Figure 5-54. AN.I06 Waste Temperature ProfIle.
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Figure 5-55. AN-I06 Carbou Dioxide Data.
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5_14 TA.NK A.N·/07

Q...? :~ 92dm

Tn p_u 7 := S5F

ATu 7 := SAf

vWraU :'" B7k.gal

vukt ,*"

z"allcat. :'" --
Aor..

l,olloi:W ;;;; 86.057 in

V""I'_""7:= (38lin'Am J - V..tr 'ke

0""""~ O.OO2M + .OOtl M

2
- )

OHu, "" IS 'ix 10 M

OHda~l := OHlfa,1&

AT1i'l :""OF

mol.
12000- - · IS)T

C03u 1 := y'
V",p_an7

e03u 1 ~ 0.0.59 M

~iq = 4in
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Q := Oan1

CO\'ult := C031U11
S 1 Ca l I t th II ld Side Ma~~ Tra nsfer Kates

, ..
"_ l.:.'....'.....c.:

:§ID."'l.r -~" -'"' eJill:;;-
--- 1';/

OHliq_ma.-; Un.Jllfer:= llJ,::lH_h'l(.1.TIi<! ' T, ul" ~i'i ' .'\ant.OHd1ta•OHiJ "e",,)

C03nll"" _uansfer := COcm(aTliq •Tsup-Djiq' ~Ink ' C'O]bulk' C0 3L.gu,,,,,,)

C0'2mas._lr"",fcr~li'l := U:"::.'O'L liq{ATliq .T,up.~jq . !\""k' OHdoll3 , OH,-$Uus' CO\'Ulk' CO\ .-l<ue",,)

Step 2· Calcula te the Vapor Side O H I>epletion Rat e
TIle OH depletion rate based upon the OJ2 mass transfer rate is calculated.

Xw2_bulk...JIu~sl:= 322' ppm

OHdcl' :", ClloH _ai ~aTan7 ' TSUp' I\. llIl k ' ~ank ' OH,J'.I<'S' ,CO\ ...c"""" \;olJNlk..J!UCli..)

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

( OH"p)
x"....2 bull< calc := xtlulk Q.--- - 2

"co2_bulk_calc"" 326.554 ppm

S tep 3· Compa re the 011 Depletion Ra te a nd Liquid OH Mass Transfer Rate
h ( H d I b d the C02 absorption rate from air is compared 10 the OH mass trans fer rate nn the liqui d side.

,

~7.!--=OK=iE'~

"'

The rate at which OH is dep leted in the bu lk liquid is

OHdep .bulk := 2·COL",asUl'amf"Oiq

The rate that OH is depleted at the surfa ce is

OHdep..8Urlacc ;= OHdcp - OHdcp_bulk

Th Oil rf d I st be equal to the rate of mass transfer 10 the surface

Slell 4 - Compare the nH Depletion Rate 10the C03 Mass Transfer Rate
The CO] mass transfer rate should be hcrrthe surface OH Dep letion rate.
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OH", mole
- - p .=. 2.6$6 x 10) - -

2 ,T

""'"F~T 0- ----"'-::---::
~2_..,.,-C"fQ

F1£17 :;; 0.093

Coo>;; ....,-'"".(1 - pu ll

c co2 -= 311.908ppm

ida!. :-= 42

0Huepc.4 . := Oll.J~
',1M.

The depletion rate based upon the Hobbs model is

OJIlkphobbo := 2r..:o2..tmb"C 1;r"Q·Fho,*"(OH<lall)
'" ''
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Figure 5-56. AN-to7 Waste Volume and Hydroxide Data.
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Figure 5-57. A~-107 waste Temperature Profile.
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Figure 5-58. A~ -I 07 Carbon Dioxide Data.
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5.15 AN Venli/ation Data

Measurements were obtained for two periods. The first January 1999 to AuguSl1999 and the second July 2000. Hcth periods will
be evaluated.

Figure 5-59. AN-Farm Carbon Dioxide Data.
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5.15.1 Tank AN-101

T here temperature profiles for Period s I and rwc are shown below. TIle 2nd and 3mTCs are used fur period I toestima te the
supernatant/ vapor space temperature d ifference, which is shown below. The vapor space is bet ter than the supernatant fur much of
this period. The 3rd and 4th Tes were used for the second period . TIle temperatures arc shown below. During this period the
supernatant temperatures are ~ater than the vapor space temperature. The analys es for Secnn n 5.10.2 will he used for the first
period ....'here the vapor space temperature is greater than the supernatant and the analyses for Section 5.10.1 were the supernatant
temperature is greater (han the dome will be used for the seco nd period.

Q I611 1 :_ 92cfm

Q2. 1I 1 :-= 92cfm

OHdep1an i := OHde pc: a1c

"
The dep letion rate based upon the Hobbs model is

OHhob~l an l := 2~2_amh·Ca;rO Fhohl",,(OHdalll llnI 2)

The dep letion rate based upon the Hubb s model is

Oll hobbs2.n1 := 2Xeo2_<lJllb,Cair 'O f'hobb.(OHdataanIt )

Figure 5-60. AN-101 April 1999 July 2000 Waste Temperature Profiles,
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Figure 5-61. AN-I OI Aprll 1999 Vapllr SIJUce and Supernatant Temperature.s.
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Q:= Q21111 1

r.llp := 70F

Aran l := I t'

COJbll1k := CO Jan l

O Hd'llI:= .4M

St 1 Cal I t lh I I . ISide :\b~~ Traru..rer Rates

C03 '-$'1"'1&= 0.702M

O H Ii4_"'... J ......,. r.,,-:= Wa HJi'l( t..T 1ilj ,T\ lIp .~,! ' ~"-I1l' O l ldi li ' OJli .gue\.'; )

COJma.'l."Uransfcr := 00c03(6T1iq•T~up' Djjq. Arank' C0lt,ulk ' c..'()Ji..Jtucs~)

C<»t,,,,,, I,. " , r. , .Ji'! := Weill liq( t..T Iilj"Tsllp'~i'l ' t\ank.OHdn1il•on, gUN •C0 3t.Ulk.C O.3 j gu. , s)

Step 2 · Ca lculate the Vapo r Side OH Depic tion Rate
The OH deplet ion rate based upon the CO2 mass transfer rate Is calculated.

Xeo2_bu lk--i: lleSs := .35.5·ppm

O Hdep :'" (1IOH~IJ",ranI ' Tsup . IJyant.A1ank•O HU :uc'lS ' CO] i...{!,um . lI..co2_bultJUC,'R)

Interate on the bulk air CO2concentration guess until it agrees with the calculated concentration.

( OH",)
Xen2_hn lk _clJc :'" xt.u lk Q' - 2-

Xeu2_bnlk....cAlc = 33.1nrppm

Step 3 · Compare the on Deplefien Rare and Liq uid OII.\ta~ Trans fer Rate
n OH d I ' b d h CO2 absorption rate frum air is compared to the OH mass transfer- rate on the liquid side,

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

OHtIo:l' bulk := 2·COz.""". lfll,,,f~. li<.j
The rate that O H is depleted at the surface Is

O H dCluurfarc ;= OHdop - O H dep_hulk

TI OH rf d I I' I sr be cq UlII IO the rate or mass transfer to the surface

Slep 4 - Compare the OH Ill'pletioll Ra~ 10the COJ Mass T ra nsfer Rate
The COJ mass transfer rate should be half the surface OH Depletion nile .

OHd~p
OHdep2an i :~-

2
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5.15.2 TA NK AN-I02
The....'aste temperature profiles fur the IWO meavuremenr periods are shown below. The supematant eemperature exceed s the vapor
space temceranne for bulb ocdcds.
l3.TlUt2 :: 2F

QIUl2 ~ 92cfm

Q2~~1 := szctm
V,up_<m2 :... 1050kgai

T,up_an2 :- 85P

The OH concentration is shown in the Figurebelow.

OII.l... := .176M

mok
2OOOO - - · 15yr

'TC03aJl2 := ---,-:--"'---

COJItI2 = O.015M
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,
'i""":"" __ - r"'V"'i"'"::r....... -'- .'-""'-

Q :=Q lan2

T1ap := Twp_-.2

COJoou; := C03aa.2

Ste I C lcuJ te the II old Silk Ma.'iS 'rranster Rates

COJ; , ....., = 0294 1<01

OH~"""' _lhID,", :- WoH_IIq(,H Iiq ' T""p' l>t.q.J\ar.t.OH~. OHLJIIl:»)

C03m-_u-la := ('\.'O)(AT~ .T l1Ip' ~Ill ' A.ut .COltNlk .COJuwu)

C01.m-Jrarlotrf_hq := 00('()2Jtq (6 T1tq•Tu p' I\;q .A,ut .OHd•• ·OH i ........... . C03t.ult .C03t , lin,)
Step 2 · Cv lcuhlle 1M Yllpur Side 011 Depletion Rate

The OHdcplclion rate ba 'iOll upon the CO2 ITIllS8 transfer rate is- calcul ated .

~02 buD. ,~"" := 29 .S·ppm

OHd~p := roott..uj 6 TNIl ' Twp' ~........ . A,E1t. OH,JUI'u' C03;..,PaI ' XwJ:_toullJ:Ilt'~)
Interarc on the bulk air C0 2 concent ratio n guef\:'i until it agrees with the calculated concentratio n.

( OH",)
Xro2_"u l~ calc := '4.u l~ Q ' - 2-

Xro2.,.bulk..nk = 29.62.5 ppm

Step 3 · Compare the 011 Depletion Ra il' lind Liquid 011 Mass Transfer Kate
Th OH d I h I h CO2 absorption nile frum air is compared tc the DB mass tran sfer rate on the liqu id side.

•
c ,.-,0,

:~-, - . :,(~,,~J}~II'.I-. ~

The rate at which OH i~ dep leted in the hulk liquid is

OH,iel'_hulk := 2.C02",..,,_u..,.feUiq

The rate thllt OH is de pleted at the surface is

OHtkp _.u, r..~ := OH ....." - {)Hd~p_bul~

Th OH rf d I f\l he eq ual to the rate of mass trans fer to the surface

Slep" . O ' R1,lKre the 0 11 pepreucn Rate to the- CO] Mass Tran~(er Rete
The CO] ma~<; transfer rare should be ha lf the surface 011 Depletion rate.

OHdepl ..a :~ OH.......
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Q:= 02..2

T...p :"" T....._...2

C03t...J~ ;= C03111l2

Sk 1 Ca l I t th I I uld Side ' hi 'S Tral&fer Rates

'"

- ~7"""""
.~•.'..!~ ,t,;~;.:.:.

I

CO\..~ue", = O. 302M

OHlill_m...... _I...n."'r := WoIU iq(AT1ill •T "'p ' ~iq .A,8fl.I< ' OHd.I.I.0H '--iIl<'S»

C03mau _lu ,,,,kr := OOC'olAT1i'l.'TWI' . ~ .... A..lIIIk.C03t.UIt..C03i--iU""'}

CO'-ma.._tr,"",", J iq := Wcm.hll(I1Thll ' Tn p•~1II . Aunk ' OHdillll.OHl..PcU.C():\mllr..CO~J1It...}
S tep Z • Ca lculate the Vapor Side OH Ik ph: tion Rate

The 0 11depletion rare based upon the CO2 rna,,-, transfer rate i ' calculated.

~02_b.~a := JO.ppm

OHdcp := ro.:)lI_...~t\T.a. . Twp. O'...k.l\ank.0HuutU.CO]L.........~02 ""n.. ......,)
Inrerate on the bul l Hir Cm cc ocenrrauc n guess until it agrees with the calculated concent ration .

( 011",)
~f'U..Jlk .ulc := Xj,'I~Q.~

l,;02_td...l:1Ic: = 2K.701J ppm

Step J . Compare the OH pepreucn Ra le and Liquid 01 1Mass Transfer Rate
"In ()Hd I h sed h CO2 absorption rate from air is compared to the OH mass transfer-rate on the liqu id vide.

T he rate li t which OH is depleted in the bulk liq uid is

Olld el' _ h~l~ := 2 · C02ma.unHl"f~..._liq

The rate that 011 is de pleted at the surface ts

OHu..'P_u rfiKe := O H <k'l' - OHdep_bulk
T h OH rf de I Sf be eq ual 10 the rate o f mass trans fer 10 the surface

Step" . Com pa re the OH Dr plltllon R.a~ tu the C03 2\lassT ra nsfer Nate
The CO] mass uan srer rare should be half the surface OH Deplet ion rate.

OHdcP2.2 := OHdep

Ol lhobbs2.a. :: 2Xet.l__ h-Ca"Q.F1lmI>o.(Olloba)
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Figure 5-63. AN·I02 \Vasle Volume and Hydroxide Data.
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5.15.3 Tank A;I(·103

Theil: temperatu re prufiles for Penods I and IWO are M1oVo1l below. 'I he analyse!'> tor Sectio n ~ . II wil l he used.

Q1u 3 := 132cfm

Q2anl := 1321,;fm

OHdep l. nJ :"" OHdepilR3

The deple tion rote b ased upon the Hllhh~ model i~

OHhohbsl u l := 2x.c02~'mb· C' ir· Q· Ft.:oI::oI::••JOIWata.dIl3)

Figure 5-65. AN·l03 Apr il 1999 and July 21M)() Waste Tempera tu re Profile.
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Q := Q2i11lJ

Twp:"" T....s.,..3
C( )'-ull .= C03u 1

OHoLoI. := 5M

,
!:flu 1'- ~((lJ'l

Stc 1 (' I I te II I ' Id Sirll' Mil\... Transfer Ra tes

Oilliq n _ If''' l>kr:= rooH3~(.dTII<l.TI\lP ' 1'Cl'\l.' l_iIIJ ' F.·!\M1 k.OHdala . OHLgW"')
C03m" $..!lU sIcr := fficm(.dT8q'T. Dr ' I"C",__/Ifll ' E·"'ank.C03t...lk .C03'-1~)

CCY'..",...., mnd.r liq:= O>COU i'l(6Tbq .Twp.l,.TlAL.u.E.t\..k.. OHdata.UH'..,p>l'U.C0 3t...lt ,CO-\...fllel.)
Swp 2 · Calculate the v apcr Side OH Depletion Rate

1be 0 11 depletion rate based upo n the C O2 m:m transfer nne i ~ calcula ted .

J.ro2 .bull -l_ := 313ppm

OHdrp := <O( )lI_,,;~ ,'T"J ' T...... [\..k. A,. ..k.OIl.-I_.C0 3, 1....~·~.buU._._I)
Imerare on the bulk air e D! concentrat ion guess unti l il .a~~ with the calcu lated conce ntration.

{ OH,,,)
~ b. lk «e > xt.ul Q.- -

- - 2

~2....bl",_alc = 3 15.342 ppm

Step 3· Compa re IlK: OH Deplet ton Ra te a nd Uquld 011 Mas.~ Tra m,fn Rate
Th 0 11 d I ti I b sed Ih CO2 absorption rare from air is compared to the 011 mass trans fer rate on the liquid side.

The rate II I which OH is deple ted in the bul k liqu id is

Olldrp_bulk:= 2·C02,.,_ .trum r"'J i.l
11\e rate tha t OH is deple ted at the surface is

Olldcp_....laa: :..... O Hdep - OHdtp_tNlk

Thd >H It c d let" I " be ,--qual 10 the roue of mass transfer to the surf.ace

Step " • Comport the 0 " Deplt tion Hate In tile CO] !\I ii ..... Trlll r\'!o(er Ratt
TheC0 3 mau transfer rate sho uld be hal f the surface OH Depletion rate.

Olldep2...3 := OHdc:p
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5.15.4 Tank AN· 104

There te mperat ure profi les for Period ' I aod two are shown below . The anal)~s for Section 3.1.1 ...' il l be used .

Ql 0n4 :; J32cfm

Q2.an4 :-.; I32cfm

Olldepl "n4 := OHdep",04

The de pletion rare based upon the Hobbs mode l is

OHhobbslm4 :; 2x.:02_amb-Cl lr·Q-Fho.Jhm(OHlllnfnn'-dIIIJ

Figure 5-66. AN-I04 April 1999 and July 2000 w aste Temperature Proflle•

..,
l \

~-.. .' --- - • • 1-V.':lC.. - • --
t"..•te.. 2SO --

"~ 200
t '"0 "" ---.;--..

'00 1-
/~

~ -

o .' -

" " '" " '" 0; ' 00 '''' "" m ,~

lempenrlure (f) --.J

B-234 of B-280



F"~ !81 of 440 o f DA06 0 2 Hll

RPP·266 6 Rev 1

Q := Q2u4

OHd.. :"" OHtuf"ftCd.ea,

C03t,.. rt. =-" CO) ,

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

JMI-NB-QSO t0101, Rev 1

CO\.f!.... = 7.66M

OH1iq..mas_lrMI.r..- := OOc)'·CIi'!(b.TIi'! .T,ap.l.."",a:_u • •E·A.:u "' OIl.t.a. Oll i )

COJ.",.,., lrum.:= OOrm {b.T,icI ' T"'p '~S1_aM' E·I\an!<. C0 3t.wt.COJ,....""".)

C02m...._UU.!u_h'!:= <Ilco2J"'I(b.Tliq .T1up' t....:ru st...u •• E·A,1lIk ' OHdala•OHl..I'JCq .CO,",Ik ' L'O\-S"".. )
Step 2 • Ca tcutate tlw Vapor Side OH Depletio n Ra te

1~ OHdepl etion rate based upo n Ihe CO2 ma~s transfer rate is calculated.

l.,:02_b11lk.sUeo. := 297ppm

Olldep := <r.loH_ai{:~T!laorunl
j

• T.up•~.. ,,". 1\"'....OH, , uc>s' CO\.s.......... x.:I>U',dk" .,,'-"~I)

lnterate on the bulk air C02 concentration guess unti l it agrees with the calculated cenccntranc n.

(
OH,op)

~2_bu lk...f;lk: := xt.uJ. Q.-2-

~2_bulk3lk: = 2110.192 ppm

Ste p J. Compe re the 011 Depletion Rat e a nd t lqu ld OH Ma~~ ·r ran<;(l.'r Rate
Tl OH d I ri t b d th CO2 absorption rate from airis compared to the OH moss tran sfer rare on the liquid side.

The rate at ....n ich OH is dep leted ill the bulk liq uid is

DHeIep_hulk := 2.C°2ma" _I!'lUI.flor.liq

The rate lhllt 011is depleted at the surface is

Ol ldep ourfa<:e := Ol-ldrp - OHokp .bulk
- .....n. -I""]' I 'w..;;;..L'-L-' -=-....., . ' ..'l W I '1--
~.-.

S.~p " • ComlJW. re (he OH~pE'tlon Roale 101hE' C03 'lass T ra nsfer Rate
The CO) ma~~ transfer rote should be ha lf the surface OH Depletion rate .

OHdep'-an.. ;= Olldrf>
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5.15.5 Tank AN·I05

There temperature pmfil p.>I\ fnr Pt~ri 1ll1 >1\ I and lwn liTe shuwn he low. The analyses for Sectio n 3.1.2 w ill be used.

Ql~ := 132cfm

Q2an~ := 132d m

OHdcp1lills := OHdep~

The depletion rate b ased upon the Hobbs mode l is

OH11Llhhs l an~ := 2~02J.mb·Cair·Q·rhol::>bl;(OHblUl f\ln;Uhl"l)

Figure s-st. AN.l0S April 1999 lind July 2000 \Vaste Temperature Profile.
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s
C03bu1k := CO]2

,
':s:h. ~";;o.r0'I::-~~7":~_
.~". , •• L

[de Mass Transfer Ra tes

OHhll-mllsu r,wfcr := WoH_hq(6 Thq, T~u p ' L",ru.u",~ . B·A I"' llo.. OHdulll' OB i _l ue,.)

C0 3m"",_lran<ter := rl'c:xn( hT1i'l' T. llp, l -.: ru'lt_lJIs , E'~""k ' C03bolk •C03,.,.g"".. )

C 02,no.,uu.lI <ferJiq := rocoLliq(6 TI1'I' Tu p•I....,ru"'~an1 .E,A,a~k. . O H d•1a•OHi~um'C03t.ulk ' L'03iJ ut <s)
Step 2· Calc ula te the Vapor Side 0 11 Depletio n Rate

The Dl'l dep letion rate based upun the CO2 mass transfe r rate is calcu lated.

x." D2_bulk.~lle,. := 2Rn.5ppm

OHdep := rooIL~{L\,Thanford, ' Tsup' [\ank.'~llIk ' OH,...$'H',"' CO\ ----&u m ' x."Ol_~utk..$ues~)

Interne on [he bulk air C02 concen tration guess until it agrees wi th the calcula ted concentration

( OH",)
lLcoLb"lk__c. lc:'" xt.ulk Q.- ,-

lLcoL b"lk_ClIlc = 288.09; ppm

Step 3 · Compa re the OH Depletion Rate and Liquirl OH Mu~ Tran.<;fer Rate
11 OHd I I' t b ed th C02 absorption rate from air is compared to the OH mass transfer rate on the liqu id side.

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

O Hd cp- bull< := 2 ·C02m...._tr&'''fi:r_h'l

The rate that OH Is dep leted ar rhe surface is

O Hd et'_"urface :", O H dep - OH""" _hlllk

Th Off rf I I Ii I sl be eq ual 10 1111: nllellflllalllltransfe rlu lhe llurface

Step 4 • Compa re the OH UI'p1etifln Kate to the C03 xtass 'l' ra Tls!'e r Hate
The CO] mass transfer rare shou ld be half the surface OH Depletion rate.
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5.15.6 Tank AN-106

QI.,,6 :: 92cfm

QIIAIl :; 92dm

OBdepllll6 ;= OHdcp;aIc

"Th e depiction rote based upon the Hobbs model is

Ol lhobbsl~n6:; 2x.,02_lIfl1b-Cair-Q-PhwlJs(OHdara",,6)
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, ,
Qu--F'ri.J.";''T!.---

_J ............ -

Q ~" Q2 ll1lb

T'WI' ~= 64F

&Tan6 := .OIF

C03m.lk := C0 3ll1l6

OHdala := .221.{

S I C I I h LI td Side Mass Transfer Rates

OH1iq_m""'_ITln,r.,. := C!lrll U iq(t\T1;q. T,up' ~,q . ~uk ' OHdm • OH'-Euc,,)

C03ma"".IT;\nd.,r ~ = fflcm(tiTliq •T<up '~;q ' A..nk' C03m.lk' C03i--8"""")
C02m"", tn," . ler Jiq := Wt:'02 liq(.6.T1;q.Tsu l' "~ , q. ~ .nk' 0 1[,l.u13' 0 1Ii _gu..... ,C0 3t.ulk' C0 3u um )

Step 2. Calculate the Vapor Side OH Depiction Rate
The 011depletion rate based upon the C02 mass transfer rate is calculated.

\:o2...bul!l...iuCSl;:= 119·ppm

OHdcp := WoH_",~.I'>Teee -T,up. ~lII1 k ' -\Illlk' OHj-Euc.. , C0 31-EUt;." .~\I2 _bu lkJu<'''")
Interarc 011 the bulk ai r C(J2 ennceutrution guess uuu! it agrees with the ca lculated concentratio n.

( Olld")
Xo:02 bulk .calc ;= ~"~Q ' - 2-

:o:.c02...bulualc == 118.926 ppm

Step3 • Compare the ( )H lkpletion Hate and Liquid ( )H Mass Tmn..srer Rate
Th d b ed he C02 absorption rate from airi s compared to the OH mass transfer rate on the liquid side.

•

J::t-.r::":cJ- OC"o':\, lli,~
"- ":'1

OH do:p_bulk :== 2 -CO'lma'''_I ,un.r: '_hq

The rate that 0 11 is depleted at the surface is

OHdQuum.cc := OHd~p - OHdcp_bulk

Th OH rfa d I sr be equal to the rare of mass transfer to the su rface

Step 4 · Compa re the OH Depletion Rate to tllli' CO) Ma!>S Tralbfu Rete
The C03 mass transfer rote should be ha lf the surface OH Depletio n role.
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There temperature pro files tor Period s I and two are shown below. 'I he anaryses tor secnon ~ . I .4 Wi ll be used .

Q I ~n7 := 92cfm

Q2an 7 := uzctrn

OHdep1 o.n7 :-= OHdep",,7

The depletion rate based upon the Ho bbs model is

OHhuhhs I3n7 := 2Xeo2 aml,.C.....Q-Fhnhh~(OHdala.m 7 )

Jo'i~lIre 5·6H. AN-un April 1999 nod Jill)' 2000 waste T emperature Profile.
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C0300I~ := C03an7

Oll data := O.043M
Ste 1 Ca l I t th I I Id Side Mass Transfer Rates

OIlh<l-Jl IillU_I' ill" fer := OloH_liq(aTliq ' T",f" ~ iq . t\.nk' OHd.lU ' OHi. gU"<'~ )

C03m"'"~lrUl'''' r := u\'·m(ATIi4•T.up•Db,,! ' 1\",,10.' CO\ull, C03u w:..)

COz",,,,,ur8ll 'ferJiq := OJcOU i'l(I1T1iq, TSlip ' ~iq . "",,,,,• •OH.:!",.., OHi J,u",, ' CO\ulk ' C03iJ u", .)

Step 2 • calculate the Vapor Side OH Depletion Rate
The OH de pletio n rate based upo n [he CO2 mass transfer rate is calc ulated .

Xen2 hulk_gue... ;= 167·ppm

OHdcp := WuH_IJ~8.T 1111'T~"p' q ank' "uu.k' OHL-iuc>• •C 0 3L.-iuc,;s - \;",2_buLk_, uc..)

Interarc un the bulk air C02 couucntrari on guess until it agrees with the calculated co ncent ration.

( OH",)
~to2 bUJ ~ eue> ~ bIl l ~ Q.- -- - 2

ll.c:02_bulk3a1t == 168.49 1 ppm

Step 3· Compare the OM Depte tlon Re te lind Llquld OH Ma~s Transfer Rate
11 OH d 1 b d h CO2 absorption rate from air is co mpared to the OH mass t ransfer rate on the liqu id side.

,
"..",

L!:i~0l-=":7:r~j)~[ti}~
,'"

The rate at 'Which OH is depleted in the bulk liquid is

OHde p_bu l~ := 2·C02muurm,;.fecllq

The rare that a l l is dep leted at the surface is

OIld~p_ .urfnce := Olldel' - Oll dep_oolk

Th OH It· d I . st be equal to the rate of mass transfer to the surface

Step4 . Compare the 0 11Depletio n Rate to the CO] Mass Transfer Rate
The C03 mass transfer rate shou ld be ha lf tilt: surface 01 1Depletion rate.

OHdcp2an7 ;= OHoi<op
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5,15,8 AN Vent Results
~~Ql~I+QI~+Ql~+Ql~+Ql~+Ql~+Ql~7

Period 1

~1ItI.:= 43

Of\J~1JCalc_ := OHdeplllIl1 + OHdep1an2 + OHdcp1anl + OHdep 1an4 + OHdep 1an5 + OHdepLBlI6 + OHdep1Wl7
'..

Fan == 0.32

C~o2:= ~o2_pnnr(1 - FOIl)

C~o2 = 278.74 ppm

OHdepbobbs :== OlThobbslanl + OHhobbslan2 + OHhobbslan1 + OHhobbsl;m4 + OHhobbsl;m5 + OHhobbsl",,6 + OHhobbslan7
,~,

Period 2
id~tK:= 44

0H.Jepcalc, := OHdep2an1 + OHdep2an2 + OHdep2an3 + OHdep2an4 + OHdcp2an5 + OHdep2il.l16 + OHdep2an7
'dot.

Olid"pcak,
'd ata

Fan == 0.404

CC02 := Xeo2_pnnr( 1 - Fan)

C~o2 == 244.184 ppm

OHdeplrobbs. := OHdcpl .... l + OHdep1an:2 + OHdep1an3 + OHdepl""4 + OHdeplllfl-~ + OHdep1an6 + OHdep1:ln7
,~.
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Figure 5~9. ANaFarm Carhon Dioxide Dala.
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5.18 TA NK A P-I OI
~l := Q~4

o..p1 = Ill cfm

Tllp_,pl ~ M fi

AT. pl := O.Ol F

vs.ltC.k~ := Okgal

VS, IrU ke
Ziilll'w..e := - - -A,,,,,
7~.01 "'''' e Gm

VU P_'"l" :'" (404.9in-J\ar.J - Vu.'tt~
0""'. ,=25M

.1THq := Of"

molo
25000- - ·15yr

COJIlf'I ;:
yr

V","?_ap l

C03....1 '" O.089M

Duq = 4 in

B·244 018-280



Fa~ 397 of 4 4 0 o f DA0602H.H

CAUSTIC DEPLETION
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

JMI NB·.Q5010101, Rev 1

Id Shle M llIS1i TnlIll.'; rt r Rates, ,
...-rJ .,...--.--,"~ •
• ;!:!"": -. - '"' :.:.

COlt,.n. := COJ.pl

S Do

OIl'ilLmMu rlltlSlo:r :" WuH _ ,,~(ATbq . Twp . Djiq.o'\w.Ol ld,n .O Hi pel')
C03fD<IU_lf'llnfer := ll\.Ul(AT11q •Trup ' o.i,pA'IIlIk .CO.3t..d. CO~ ,lIC>os)

CW.."....urand~cliq :"" OlcmJiq{ATliq'Tsul" Dt.~ . t\am;.OH",.•• OH,.,.tW'II'C03t..I\ ' CO~~)
Swp 2 · o.kullite the Vapor Side 0" Depldion Rare

The OH de ple tion rate based upo n the CO2 mass transfer rate i ~ calculated.

XeoU ..,lk....~ := 134 ppm

Olld~p := OJoH...•.AAT. pl . T.up•n,~n k ' A,,,nk .Ol l i-iu~",C03i llUll,," ' XcuLbuIUUC..)

tnterare on the bulk. air CO2 concenrra tion guess un ti l it agrees WI th the calc ula ted concentration.

( 011"",)
Xe02_hulk_c* :-= xt>ul\ Q. - ,-

Xw1~bua~c.k = J35.802 ppm

Step 3 - Compare Ihe Oll1){oplttion Rale and Llqutd OH ~ta" Tnlfl'oft'rRate
Th OH d I b sed th C02 abso rption rare from air Is compared to the onmass transfer rate on Ihe liq uid side .

TIle rate at which OH is deple ted in the hulk liq uid is

OHdl.'U"llk :", 2.C02,., ,,,,_lr_Io:r_liq

The rate that 0 11 is de ple ted at the surface i ~

OHdqI_wrfJU := Glider - OH.l.:p_b.o.

Th OH rf; d I !of. be equal ttl the nile ormas~ transfer to the surface

Slep '" Compare tbe OH IJrfopietlu n Ra te lu the COJ :\Ia!i:!i'l'nlVirt'r Hate
Th e C03 mass transfer rate should be halfthe surface OH Depletion rate.
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O lldf p
- - = 1.655 x

2

no...,
Xe02 , 1\1b- C. ir -Q

F"'I = 0_623

ctll2 := .'4,; 02--P""J-{1 - f 'P1)

Coo2 = 154.663ppm

C02ap I :"" Coo!

OHdcPiIJ'l :== OH&r

idU~ := 45

Ol ldep.:ak:, :-" OHdcp
,~.

C0 2.l.. , := 250pp m

( CO""')O~, := I - -.'4,;02_.m Cai, Q-2
'<&0. Xeo2...J1ul

The depletion rate based upon the HohtJ~ mood i\

OHdcpiKlbbs :... 2~DVmb' C.ai..Q~(OIl.u.),-
OHhobbs""l := 2x.:.w:_...m-Call Q FIlOOl'I(OHcbIJ

Figure 5-70. AP·101 Car bon Dioxide Data.
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Ffgure 5~71. AP~101 Wilsie Volume and Hydroxide Data.
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}'igure 5-73. AP·I01 Carbon Dioxide Data.
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5.19 TANK AP-I Q2
0.111 := Q~CIlI•

Q.pl= l l ldm

T>llp--.p2 := 6SF

lIT.,p2 :'" .00F

Vu1rem,:" Okgal

V .ahcakc
l l.llt lke :'" - - -

Atank

lYkta ke '" Din

V" p_.lr1 :'" (404.9in·J\L,J - VWlnke

mo~
26000·- · lOy<

OI~~ :"' O.53 · M -2 · "
V~I'Ju.p2

Ol~ata = 0.407 M

t6Ttlq := OF

mo"2OOOO - - · 15yr

C03:.pl :'" "V, ll p_al'l

COl,pl '" non M

1J)iq .. 4 in
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Q:= o.pJ

• •
~~ ~:-:

CO\rulk := CO\p2

S 1 Cal I th LI id Side ~ass Transfer Rates

OHliq_",~~_ul1l ,fe , := ClloHJ i'l( tl..TIi'l' T, "p'~jq ' Aunk .Olldal. ' O HL.jufOn)

C03ma'u l'",*", rer := r'\''U3(I\TJjq ,T,u p ' Diiq •~lIl k ' CO]buJ1 .C03 j ~uc•.)

COlma",_uMlde'_liq := COcOU 1'l( tl..Tl iq .T.lIp'~iq , t\aI1k ' OH,t",a' OHi...,gue.. ' COJhulk' COJU lJOi' )

Step 2· Ca lculate the Vapor Side OH Depletion Rate
The OH depletion rate based upon the C02 mass transfer rate is calculated.

"002 bulk a:ue,~:= 134'pprn

OHdcp :... ffioH_ai~ATap2' Tsup ' Demk' "-iank' UHI...llllCSS ' COJ u um ' Xeo2_b U llul=~)
lnterate on the bulk ait Cm conccnrran on guess until it agrees with the calculated co ncentration.

( OH",,)
\:02_bulk_cak::= xbulk Q,-,-

Xe02_bulk_calc= 135.lS02 ppm

StepJ . Compare the 011 Depletio n Rate a nd Liquid 011 Mas s Transfer Rare
Th OIld I b d h CO2 absorpt ion rate from uir is compared tu the OH mass tr ansfer rat e on the liquid side.

The rate at which OH is depleted in the bul k- liquid is

OHdep bulk := 2 ·C02m"'~'_.1 m"d"rJ iq

The rate that 01l is depleted at the surface is

OHdcp_"urtilcc := OHdcp - OH,.kp_b~ 1 1:.

TIt OH rt: d II ' Mhc cqual to theralc ofllla s.o; trnll ~fc r to lhc ~nrface

Step 4 - Compare the OH Depletion Rate to the Cfl3 Mass Transfer- Rate
The CO) mass transfer rate should be halt" the surface OH Depletion rate.
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OHrll:p 4 mole
-- == 1.655 x 10 --

2 "

Fap2 == 0.623

CC'\l2 :== x.:02_Pllllr(1 - Fap2)

Ceea == 154.664ppm

COlap2 :== C co2

OHdePap2 := OHd~p

ida1a :== 46

OHdepcalc := OH,jep
"~

The depletion rate based upon the Hobbs model is

OHd~phobb. := 2~02_amh·CaJrQFhobb.(OHdar.a)
'..

RPP-28676 Rev 1
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Figure 5-74. AP-I02 Waste Volume and Hydroxide Oatu.
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Figure 5~75. AP~102 3/28101 Waste Temperature Profile,
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Figure 5~76. AP· 102 Carbon Dioxide Data.
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5.20 TANK AP·103
~) := Q-I

Q,jI) := I II cfm

T,ul'_ll'l :-= 65F

AT. p) := O.O lF

Vsal tede := Okgal

Vnlteake
Z' lll tellkr := ---

A,~k

:tulleab-. := 0 in

V~_ar l ::= 284'k:gaJ - v ! U eall.c

OHdua := U.59M

~Tlill ::= OF

mole
l OOXl - - ·15yr

COl "ll) :'"
Y'

V""p_apl

COlapl:= O.l4~1

D:Oq ~4 in
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Q :=: Q. pJ

C03bu1k ;== C03ap3

S te 1 Ca lcula te the Lh uid Side Mass T ransfer Rl.tl:"S

:-':-:'!'f-- -~·,'l~·n'::1-_..~ ..

,
,~;"

'!1!'Q-=-'I~-~~~,"

OHlill-m "~'urnn'fer ;= Dl(::lH_li'l (.1.T1i'l ' T 1up ' Dti 'l ' A uw .•OH1h ta•OHL,ut"")

C03m"'U ."u.lor:= Olt.u3 (.iTIi'l ' T<up. Djiq ,1\.nbC0lt.ulko (.'()3;..J:Ut'Il')

C02m"'\_lran,ffU ;q ; -0 «lco2_11'l ( oliT1iq •T ,u p' ~i'l ' .'\aak .OHduta' OHi ~ uN . C03tJ" l k ' C0 3i-i.....,)

Step 2 · Calculate the Vapor Side 011 Depletion Rate
The 0 11depletion rule based upon the CO2 mass transfer rare is calculated.

lI.col_buII:Juei<8 := I J4 ·ppm

OHdep := ffioH ai~~T"p3' T""p'~unk.i\arU.' Olli...sut•• •C03Uum ,-\;u2...bulk-8Um)
Interate on the bulk air CO2 concentration gue~~ untiI it agrees with [he calculated concentration.

( OH",)
"'cn2_hulk .calc:'" '-blllk Q.- ,-

x.:02_bull...-~ ak; = 135.802 ppm

Step 3· Compa re the on Depletion Rate a nd Liquid OHMass Transfer Rate
Th OH I I . b d h CO2 absorpt ion rate from air is compared to the OU mass transfer rate on the liquid stdc.

The rare II I which OH is depleted in the bulk liquid is

Oll~p_bu lk : '" Z·COZm,,"_lrilll.ftUIIl
The rate that O H is depleted at the surface is

O Hdop_""rt"". := OHd"l' - O H dOp_tMllk

11 OH rf d st be equal 10 the rate of mass transfer to the surface
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OHMP 1 mole
-- = L6SSx 10 - -

2 yr

m\i.~

"..,3:c::
z

~2~arnb· Cajr·Q

Fap3 = 0.623

CC02 := Xeoz.Jlft n..{I - F1P])

Cc02 = 154.664 ppm

C02ap3 := Ccd2

OHdep~p3 :- OHJcp

OHhobbsap3 :- 2Xro!_amb·CIli , Q·Foot.b'( OHd.na)

Figure 5-77. AP-103 Waste Volume and Hydroxide Data .
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Figure 5-78. AP·l03 7/31100 Waste Temperature Profile.
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5.21 TANK AP.I04

Qap4:== Q"enl4
C4p4 == 111cfm

Tsup ap4 := 75F

.6.Tapol- := .OW

V"<I1l<;uke:= 89kgal

Vsahcake
zs J.!tcakc := ---

AUnk

l. lltcake == 32.317 in

V~up_ap4:== (4(Bin.Atank) - V~aIll:ake

OHdata := 1.26·M

.6.Tliq := OF

mole
2OO00--·15yr

C03ap4 ;==
yr

V"UP_"p4

C03.p4 = O.078M

1:>Ji'l = 4in
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Q:- Qap4

T.up := T""I' up4

CO~ulk :""" C03ap4

St 1 C I ul t th Ll uld Side Mass Transfer Rates

cmi gues, = 0.256M

, ,
... ......... o'l:-"""'h

~:::! -=-:J r:=":'i ~y_J:.tmi~
'i(

OHI;'i _m... lrnnd'er := WoHJ iq(&T1iq•T..,p '~iq . AtlUl k . OHdald .OH; _ 8 U ~")

C0 3mlLSurunslc, := ~U](ll.'rliq.T,up.~,q . ~ank ' C0 3-0ulJ<. C03,.,Jlue...)

C0 2masluransteU iq :""" C!\:02_liq(AT1iq•T ~ u p ' n.iq'~k' OH dala •OHiJ um ' C0lnu lk. CO\".$u~..)

Step 2 · Calculate the Vapor Side 011 Depletion Rate
TIle OH dep icti on rat e based upon the CO2 1ll1lSS tran sfer rate is calculated.

XeoLbul~OCli; :=: 137.S·ppm

OHdep := (J)OH_.i~l1T. p4 ' T~ur ' o.""k' A,. nk' OH1JU~'" C03jJ,ue.. ' \:o2_h "lkJu.e.~S)
lntcrate on the bulk air CO2 concentra tion f: uc:-.s until it agJ'Ccs with the calculat ed cc ncenrrauon.

( 011",)
\.u2 builo. ~.lo:: - Xoo tk Q.--- - 2

x,,;nU.ulk_u le = 137_561 ppm

Step J • Compare the 011 Depletion Rare and Llquld on Mass Transfer Rate
Th OHd I ti t b sed th C02 ab sorpt ion rate from air is compa red to the OH mass tran sfer rare on the liquid side.

The rate at ""-hich OH is depleted in the bu lk liquid is

Olllkp bulk:- 2.C0 2,rlU> lr..". r~rJiq

The rate that OH is depleted .11the surfa ce is

OHd~p_"urfa<:e :'" OHokr - OHd. p_bulk

Th OH rf d I t lit be equal tu the rate uf mass transfer to the surface

Str-p4· Compa re the OH Depletion Rate to the C03I't1as.<; Transfer Rate
Th e C03 mass transfer rate sho uld be half the surface OH Depletion rate.
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OH okp 4 mole
- - '" 1.r.42 x 10 --

2 )T

0 ....

Fpp4 :=
a

x"l>2_lIlI1b·C llir-Q

F. i"! ...0.618

( t ill := lI,:1I2pnnr( I - F",,)

( co2 = 156.666 ppm

C0lap4 := Cc02

OHdep,.p4 ;'" OHdrl'

idal . := 47

OH dcpcllk , :'" OH dcp,-
C02..!uIP:= 25Uppm

( CO~'" )OH dq"lata :-- 1 - · x..-u2_",,,b·CIlll ,Q·2
'.. x,,02_pnnl

The depletion rate based upon the Hobbs model is

OHdephnbbs := 2Xenl _""'b·C. ir·Q' Fholhb. (OH dm)'..
OH hobhsiip4 :'" 2-\:02_ilmb,Clli r' Q Fhobbs(O Hd.ll. )

Figure 5-79. AP-104 Waste Volume and Hydroxide Data.
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Figure 5-80. AP-I04 519101 Waste Temperature Profile.
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5.22 TANK AP·105
Qup5 := Q"'Dl•
Oap~ --" lllcfm

Toup_lIps := 65F

ATars := .OIF

V.a1lcab:= 89kgal

V1allCake
....~llcake-:=~

mk

Zsa1ltakc = 32.317 in

V.up_..p~:= 1132kgaJ - V.Wlc.u

OHdala := 2.2·M

.iTliq := OF

mole
17()()()---2o,.

C03upS :=
yr

Vsup_up5

C03ap5 = O.086M

~iq = 4in
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C0 3t,ulk ::::. C03up.~

St I Ca l I t th I i ld Side M.II. "i.~ 'I' ran~fcr Rates

OHliq..ma,"_" .n' tH ::= <J:J,:IIU,q(AThq•T<up' D.iq. At.nk' OH dM•• OHIJ.U~"lI)

C03""",• .I,an.f.r := Wco l( 6 1 1;q. l . up•~i<j .t\,u,k' C03t",ik. C03 i _I:..... ,)

C~,.,Uf"' ,.f"r_liq := Ulco2.Ji'l(ATli'l ' T,,,p. Oji'! ' A1.uU:., OHdlll" . O Hi.....l;\lC s:< .C O\'ult. C03i ..J!u",.. )

St ep 2 - Calculate the Vapur SirJeOU Depletion Raw
Thc OH deplet ion rate based upon the CO2 mass transfer rate is calculated.

XeoL bulk_lueu:= 135'ppm

OHdep := ~wJ~Tl<p5 ' T""'p' o.."k' Aw.k.OHuu~.." . C03i ...,g"".".x,.ulJ>ult..J:um)
lr uerate on the hulk air C0 2 con cen trat ion guess un til it agrees with the calcula ted co ncen tration.

( 011",)
x.:...2_buik......k := xtJulk Q·- Z-

l.ro2_oolk_uk = 134.129 ppm

Step 3 · Compare the 011 Depletion Ra te and Liqu id 0 11 Mos.s T ranster Rate
11 01 1d 1 t" l b d the C02 absorption rate from air is co mpared 10 the OH mass tran sfer rate on the liqu id side.

The rate at which OH is dep leted ill the bulk liquid is

O Hdep_bult :"": 2· C02ml<·;.unUl>f~ r_hq

The rate that OH ill depl eted at rhc surface ili

OHd. p_<urf.,,. := O H.-t. p - Olld. p_hulk

The Ot t f d I Ii t st be equal to the rate of mass transfer to the surface

Ste p 4. Cnmpa re the OH Uepl etio n Rate to the C03 :\tass Transfer Rat e
The COO mass transfer rate should be halfthe surface OH Depletio n rate.
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OH"" 4 mole
-- == 1.667 x 10 - -

2 y;-

0"",
F.p5 :=

z

~D2_iiIT1b-Cai r" Q

FgpS= 0.627

OHdePaps := OHMp

Cro2 ;", l!,;: o2_pnnr( I - Fap~)

CrD2 = L'i2.7:'iXppm

CO~ps := Cru2

Ollhuhbsap3 :== 2~D2 ,"nb·Cw ·Q·FI>oli:I.(Oll dllJ

Figure 5-82. AP-I05 Waste Volume aud Hydruxide Data.
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Fixure 5-83.AP. 1OS 7131100 Waste Temperature Profile.
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5.23 TANK AP-106
0ap6 := Q~en!4

Qap6 = III cfm

T~up__ap6 := 75F

.H"I'6:= .OlF

VBalICa!re:= R9kgal

Vsalrcake
lsallcake:= Awm

l.,,,-lrc llk~ = 32.317 in

Vsup..aP6:= (41J3in. A1anJ -- VSallcau

QHdata.:= 1.24·M

.6.Tliq := or
mole

2(J()()() --·15yr

C03ap6 := Y'

Vsup_ap6

C03apfJ = O.073M

DJiq ~ 4in
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,

:§J2'J::"'_ 8TI_

T",p :"" T'''I'_Ip6

CO\'lllk ;:: C03.p6

St I C I uI t lh II Id Side Mliss Transfer Rates

C03,.J_ == 0.256 M

OIII"l_maIlo...trllHttr := ffioIUiq(sr ~q o Tw p•DJ"l0Atw .O~,o GilL.!""" )

l.{)] m" ' ..lTan, fIor: :: mcm(AT1"" T n I" D hq• A,Knk.CO.\Illl,.C03i....W~S)

CO'lm.... IlaDd~d... ;:: tl\.uU ...(ATliq•Tsup' Dt"l. J\-k' O Hdal•• OH,J""u .C03t.,ll, .COJj_I UCU)

Step 2· Ca lcu la te the \ 'apor Side UH Ikplelion Rate
The OH d~p letion rate ba:.cd upon the CO2 rna...'! transfer rate is ca tculated .

Xe.:.2_bulk..J:lOOs:-= 131.5-W m

OHdep :- f1\ lH_Ii~l\T,p6 ' TsupoO""k,t\.uol..OH iJu~""CO\...."n.. · Xw2_b"... '1_ ,)
Interate on fhe hu lk. air C02 con centration guess until it agrees with the calc ulated conce ntration .

( llH"p)
Jl,;;02_bull_cMlc := )(I>ta lt Q. - 2-

\::oV..lk_eU: == 137.561 ppm

Step 3 · Compllre the OH Depl:rtiun Rate and LIquid OH MII'>S Tnllr;fu Rate
111 OIld I t · te b d the CO2 ebsorpnon rate from air is co mpared to th~ OH mass transfer rate on the liquid side.

Th e rate a r whic h OH is depicted in the bu lk liquid is

OHtkp_bulk :- 2 .C02ma.' _IWI'f~r _luj

The rate that 011 is depleted at the surface i~

OHd~, ...£01:,, := OH",-"p - OHdrf'-,,,,rk

TIt OH urface de I I· l st be equal tn Ihe rare ormas s tramfer to the surface

Ste p 4 · Compare the O H Depteuon Ra le to the 0 )3 Mos.'! T rIUl...fer Rate
The C03 mass transfer rate should he ha lf the surface OH Depletion rate.
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Olldep 4 mole
-- = I.M2x 10 - -

2 IT
0"",

FapIl :=
2

Xo:02_amb·Cair,Q

FI~ = 0.6 18

C~l,Il := lcl,lz..pnnd I - p.pIi)
Cc:02 -- 156.666 ptlt ll

CW'1(I6 := Cr02

OHdeflapf> := OHdrp

idao: . := 48

OH,q lUk:. := OH....-p,-
(,'04.. := I :5:5ppm

( CO'_ )OHdrpd ao:. , := I - ·~..,..·C.ir· Q- 2

' .... ~_IIl"'1

OH_ := 2x,....,z amh C.".Q.Pt"ll..o.(Olld. J,-
OHhobbs. p6 := 2x.:oJ_amb ,C;ajr-Q-foot.t,..{Ol~.)

Figure 5-84. SY-J02 Waste Volume and Hydroxide Data.
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Figure 5-85. AP·I06 11/27100 Waste Temperature .-rolile.

~

•
""
". - - -1::. 1 112 ~.OO J

- Wasl l llMIl

~ ..,

0. "" 1 717:5 - - - -
~

L "•iw ,., . ~

'''' 1- -.
., _ .

•
c

eo ss eo " 10 " eo
TemperlltullI(f)

Figure 5-86. AP·I06 Carbon Dioxide Data.
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5.24 TANK AP·]07
<2ap7 := Qvent

4

Qap7 = lllcfm

Toup ap7 := 65F

ATap7:= .01t:

V.altcake;= Okgal

V..Jtcake
:l.allCake := ---

A,~,

Z.allcW<e = 0 in

V~up_ap7 := l()()()kgal- Vsaltcal;e

0H.:Jata:= .6M

srliq := OF

mole
lOOOO--·lOyr

C03ap7 ;=
jT

Vsup_lp7

C03ap7 = O.026M

~iq=4in
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Q := Q.1'1

T""", :'" T.u l'_Op7

CO\ulk := C03.p?

S I 1 Ca l I t Ih L- id Sicl eJ\.1ass Tran~rer Rates

C0 3i..gu.", = 0.211M

OHh'l-lTW._t",r"f~r :"'" O\lIu;q(t\TIiQ,T.up' ~iq , Al;rnk, OH daI• •OH,.,.g""",,)

C03ma; s . tran 5fer :=:O Olc:03(.6.Tliq .T.up'~;q .t\ank ' CO\"'lk.COJi...J,u~n)

C02m""un'/l.krJ"l. := Wco2_hq(ATIi'l' T.up' ~iq . <\..,1<.Ol ldal• •0I Ii.,.gue. 5' CO\"lk. C03i---iu~,,)
Step 2 • Ca lcula te the v apor Side OH Depletion Ra te

The OH deplet ion rate based upon the CO2 mass transfer rate is calculated.

llco2_oolk-aum := 134' ppm

0 1IdeI' := WoH..jlir( .6.Tav? ' T ll•p•Dlll.OJ.. ' Au.nk.OI IUum ' C03;_l u.... , x"ol.bulk.BUC"' )

lneerare on the bulk air CO2 conce ntrat ion guess until it agree s with the calcula ted concentration.

( OH",,)
x..:ol_bu lk..calc :-== Xbul \ Q.- -,-
x.:ol_bulk..~aJc ", 135.802 ppm

Step 3· Compa re the OH Depletion Rate a nd Liquid OH Mas.'1 T ransfer Rate
Th OH d I b d h C O2 absorption rate from air is co mpared to the OH mass transfer rate 0 0 the l iquid side.

Th e rate at wh ich OH is depleted in the bu lk liq uid is

Olld~p_bul k :'= 2-eOz",.."'_lnlndrrJiq

The rate that 0 11is de pleted at the surface is

U H dcp _""'1...e> OHdcp - O HJcp .buu..

Th ()H rfa d I sr be equ al to the rate of mass transfer 10 the su rface

Step 4· Compare the Olf Depletlon Rate ItJ the COJ M H!lOS T r ansfer Rate
The CO) mass transfer rate should be ha lf the surface OH Depiction rate.
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OH.:!~ 4 mole
-- ~ L655 x 10 - -

2 IT

0".,
PIP? ;==

z

x..v2_;ullbTIli , O

f ap? ;;;; 0.623

C~u2 :;;;; x,,02-punr( I - Fap?)

Cw2 == 154.663ppm

C0 2ap? := Cco2

Olld~Pap1 :== OHdfp

Ol lhobbsap1 := 2Xe02 ,amb·C air·O· Phobbs{OHdal. )

Figure 5-87. All-to7 waste Vulume ami Hydroxide Data.

0.' " 00

I' ~ '·-~l......_ ..v_ '"
-coe

~ 0.6 •
e

"• .00

~
Q

"-< •
8 E
e 0.4 . 00 ,
8 g
~ ~• ' 00 •e •
~ 0 .2

'00

0.0 0

12i61?6 1216199 121S,'OO

8-272 018-280



s ese 4 2 5 of 4 4 0 of DA0602 3333

6'
RPP·266/ 6 H8V 1

, CAUSTIC DEPLETION JMI-NB-0501Q101, Rev 1
flECHANISTIC MODEL

ENGINEERING NOTEBOOK

Figure S-88. AP-t07 713M)() w aste Temperature Profile.
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5.25 TANK AP-IOS
Q. ;IlI := Q-.

Q.,. '" l t t cfm

T1~IUp8 ='" 6'2F

6Tap$ := .OIP

v sallCBk.I := Okgal

V l.;l]lcake
Z~a\lcae := - --

Al ll1k

7.sakclke '" 0 in

V"P_.p8 :: 33kga l - V...Iiuole

OH...., := O.89·M

,H IUj := Of"

mole
20000- - ·15yr

C03"f& := Y'
Vll'.q:_~

C03apK '" 2An2 M

Ouq = 4 irt
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COlt,ult := C03...,s

Ste I Ca l I t th Ii ld Side Ma~<; Tran~fer Rate!';

OHh'l-lN"u rander :"" lOt llU ,q(AT hq _T''' r'~iq . A.ant . OHd;o1 a' O HiJ lJe..)

C031l1.". ,I,. ,,, fer := Ol('OJ(&T1i4•T,,,('. ~i'l ' At""•.coas,«.C0 3; _tu~ ",)

C02,lI..I _('IIlI >fcr.Ji'l := fllco:U i4(ATli'l' T. up' Djjq. A, lIlk. O Hdd ll.OH i..suc",, ' CO\ ullr. . C0 3i..su,::.,,)

Step 2 - Ca lcula te the Vapor Side OH Ikplelion Ra te
The OHdep let ion rate based upon the CO2 mass rransfer rase is calculated.

Jlc02_bulkJue.. := 134 -ppm

OHdep := WOH...l.;r{doTlIJ'8. T~Ul" ~IU, k . l\""k · OHi..sucMI •CO\ .Auu:,S' Xw2_bullu\""'''')

lmcratc on the bulk air C02 concentmtion guess unti l it agrees with the calculated concentration.

( Olld")
x,,"Z-bulk_c...k: := xtJUllr.\? ' -,-

X002_bullr._cak = 133.36 ppm

Step 3 . Compe re the OH Depiction Rote and Liqui d 011 Ma~<; Tra nsfer Rote
Th OH d I t' b ed th CO2 absorption rate from air is compared 10 the OH mass transfer rate on the liquid side.

TIle nile at which 0 11is depleted in the bulk liq uid is

UHd~p_b u lk := 2 'C02m;l,~uran3ftcl1q

The rare tha t OH i ~ depleted atthe surface is

OH<leru "rfoce := Olldep - Olldep_b"lk

Th a l l rf d I t' t sl be equal 10 the rate of mass transfer 10 the surface

Step 4 - Compare the OM Depletion Rate to (he COJ Mass Transfer Rail'
The C03 mass transfer rate should be half the surface OH Depletion rate.
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OH.Jep =; 1.673 x 104 mole
2 )T

0 ,,",

Fap8 :==
2

Xeol_illIIb·C air"Q

r apll '" 0.63

Cc<a2 := :\co2 pnnr( I - r apl'.)

CC02 '" I:'i 1.lU!] ppm

C02"I'R:= Cco2

O HdePapll :..... OHLlcp

OHhobbs.ps :"" 2x..:02..umb-e.ir·Q·FhOOb:;(OHlllll . )

Figure 5-89. AP-108 Waste Volume and Hydroxide Data.

" .~

• C:=-~- 1 i12 H,-dt"; .1o 1 ' 00

--_:l ~-

"" ,~

~
< ace ';.g

Q• "-• ,.
e esc ~•u
< 2
0 0c '00 >
• OA ;"• 150 ~•~>
" ua ' 00

so
• • •

00 ,
liJ117I99 1115100 ",114100 11130'00 10.'lllOO ' '-9.'01

8-276 of B-2BO



F"g~ 4 2 9 o f 440 Of 0A06023333

RPP 26676 Rev 1

61 , CAUSTIC DEPLETION JMI-NB-05010101, Rev 1
MECHANISTIC MODEL

ENGINEERING NOTEBOOK

Flgure 5~90. AP·I08 7/31/00 Waste Temperature Profile.
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5.26 fl P Vent

~ := ~l+ ~+~+~+~+~+~ + ~

i rl.al~ ~ 49

Onrl~pcal~ := OHdepapl + 0I ldePap2 + OHdepap.1 + OlldePal"l + OlldePal'~ + OI ldep.p6+ OHdePap7 + OlidepapS
,"-

oS mol
OHd"pclllc = 2.648 x I -

' dOla yr

Olld~phobt>. := Ollhobbsap1 + Ollhobbs op2 + Ollhobb~ ap l + Ollhobb~ ' p'1 + Olldep.p~ + OHdepap6+ OHdeP"l'7 + OHdep"p3
'dll'

C02.Jala := I1Sppm

C02aro:..Jc :=
Coo..p1 + COZap2 ... C02.p3 + C0 2ap4 + C02apS + CD2;.p6 + C02ap7 + COZap8

8

C02a.pcak '" 1S4.578 ppm

( CO,"'')OHdtpdala, :::: I - -x.-o2_amb·Catt·Qal'·Z
'<lin ~2_pn n l

OHdepddla -., 437 ci mol- . . x I
,~ .

"
Fjgure 5-91. AP-Farm Carbon Dioxide Data.
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OHm~m OII.iepc.k.
OHdepllobbr;, .

~ ,
' ,,"

'e" ...
mole

mol mol 1.667, 104 --
2.058 '104 - 43.528 - yr
4.423,10-4

yr
3.619,104 yr 5.991,104

1.194'10 5 7.869,10 4 1.224' 105

9,168'10" 1.002,105 8.171 ' 104

U26·1Q5 1.203,105 1.086' 105

1.(152-105 1.069,105 1.016' 105

9.984-10" 9 .971-10"
9.259-10-4

1.026' 105 1.004' 105 9.399-10"

1.236 '105 1.142' 105 1.201-10 5

1.2n· 105 1.251'10 5 1.467'105

1.964' 10" 1.059,104 5.304'10'

6.319·10" 1.114'104 5277'10"

5.314·10 " 3.322-104 4.268'104

2.178'10· 3.322-10'
3_692·10·

4.009·10" 4.645'10"
4.822,10·

2.444'10 3 1.84.104 4.304'10·
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Donald oa..de...n'-- _

From:
To:
Sent
Subject:

"Ogden. DoruIkl M"<DcnaiO M OgOen@Rl.goY>
c:o-nogder@icehouse.oet>
Monday, Novemt.9r 14, 2005 8:07 A"'~

FliV: Core 317. sement 18DLevauatoe

----OriginalMessage-.-,
From: Carothers, Kel ly G
Sent: Wednesday, November 09, 2005 7:45 AM
To: Ogden. Donald M
Subj«:t: RE: Core J17, Segrneet 18 DLeva luation

Don,

The reference With Ibcdab isletterf H-03026JO, ' Reporton die Evaluation ofPotentiometric Titrations
10 Determine Hydroxide." The section on the carbon dioxideabsorptioneffect on hydroxide Slam on
page 25_ Ifyou have access toRMtS, you can view thc report lhrough thai database;otherwise I can fax
)'OU the 3 pages of the report withthe discussion.

The beakers used in the tests were 15-20 mL scintillation vials with 10 mL of0.01 Mhydroxide
solution, The internal diameterof thesevials IS I inch. The neck is narrower, but the solution would be
at the 1 inchdiameter region.
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1 . INTRODUCTION.

The pur pos e o f this notebook is t o define t he equilibrium
constants f or t he r eac t ion of car bon dioxide wi th t he OR
ion .

2. BAS I C EQUATIONS

Th e r eact i on o f concern is :

[ 2 • 1 )

and

( 2 .2)

The problem i s t ha t we have t he equi l ibri um constan t f or
th~ second equation (Kat z , Treiche l 19 99, Ref 4 ) bu t not
t he firs t equation . We do have some papers from Wikepedia
that g ives the equil i l br i um constants f or t h e for ma t i on of
Carbonic acid due to t he reac t i on o f CO2 wi t h H20 and then
t he decompo s i tion of Car b on i c ac i d i n to HC03- and HCO] 
i n t o C03-2

• The Wike pedi a inf ormation is a ttache d. Thus
we have :

co , + H2 0 ., H 2 co)

where:

.,
Kh : = 1. 7 0 X 10

a t 25° C .

" 2 C0 3 :: Heo] + H+

wher e :

••Ka 1 : ... 2 . S X 1 0

D- la

(2 .3)

( 2 . 4 )

( 2. 5 )

( 2 . 6 )
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at 25°C.
the value
reaction.

This second equilibrium coefficient is similar
given in [Ref. 1, p489) , 1.3e-4, for this

to

The dissociation of the bicarbonate ion into the carbonate

ion is:

where:

-H
Ka2 : .. 5.61 X 10

(2.7)

(2.8)

at 25°C.

in [Ref.

This is similar to the equilibrium constant given
I, p.489], 4.8e-11, for this reaction.

These reactions, with their associated equilibrium
coefficients can be converted into the equations for the
reaction of CO2 with the OH ion to form HCO] and the
reaction of HC0

3
· with the OH- ion to form C03

2
- by

substituting the ions of water in for the Ht ions and for
water in the above equations and using the equilibrium
constant for water in the appropriate places.

The equilibrium equation for water is:

where, [Ref. 1],

-H
Kw:=1.2X10

Equations 2.3 and 2.5 can be combined to obtain the
combined acidic reaction of CO 2 with water to form the
bicarbonate ion.

D-2

(2.9)

(2.10)



s ese 4 38 of 44 0 of DA0602 33 33

R.PP-26676 Rev. 1

(2 .11 )

where

I "1: = Kh ·KllI l = 4 . 25X 1 D

Th e value f or this equi librium constant i s nearly equal t o

t h a t given i n [Ref . 1 , p . 4 B9l. 4.2 e -7 .

s u b s t i t u t i n g Equation 2 . 9 i n t o thi s equa tion gives the
a lka l i ne reaction o f CO2 with wat e r t o f o rm t h e bicarbonat e

i on .

(2 . 13 )

can cel i ng t h e h yd r og e n i o n s ou t on eac h side of t he
equat ion gives :

(2 . 1 4 )

Kh · Ka l

Kw

(2 . 1 5 1

Adding OH t o e ach side of Eq uati on 2 .7 g ives :

Combing wit h Equa t i o n 2 .9 g ives :

wher e :

D- 3

( 2 . 1 6 I

(2 . 17)

(2 . 1 8 )
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( 2 . 1 9 )

Th i s va lue of t he reac t i on cons t ant i s nea r ly i de n t i ca l
t o that g i ven i n Ref 4. There f or e , t h i s methodology
appears t o g i v e a referenceable va l ue for the r eacti on
cons t ant for Equat i on 2 .1 2 .

To veri fy t ha t t h is i s s o , we wil l u s e t h e ac it i v i ty
coe f f i c i ent s t ha t Rob Brat ton ga ve me t o de t e rm i ne t he
e qu i librium co e f f i c i ent f or equi l ibr ium rea cti on 2. 14 and
2. 18 .

whe r e the items i n br acket s a re t he activitie s f or
species whose name appears i nside o f the bracket s.
t he d ata f or T=2SoC ,

(2 .20 )

( 2 . 21)

t he
Fr om

and

K1 8 : . ,-----~='T=--,::..c=-'----- . 14 .4 68 x lo ·~~ 1

; 4 . 6 9 1 9 X 1 0 .
111 l :l'"1 . I-I'. .'-'1 = 463.iJ

1. 2 1 6 6 X I O-
4

• 8 . 32 2 7 X 10 ..
11 I

(2 . 2 3 )

We now have a re fe r e ncab le ba s i s up on whi ch t o s t a t e t he

D-4
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value of the e q u i l i b i um con s t a nt f o r the two rea c t i on s .
The equilibrium c onstants obtained v i a the t h ree s o urces
a re giv e n i n Table 2 . 1 .

3. REFERENCES

[1] Miche l l J . S i e n k o , Rober t A. Plane, CHEMISTRY ,
McGraw-Hill , San Fra nci s co , 1 96 6 .

[2 ] George C. Pimentel e t . al ., CHEMISTRY An Experimental
Scienc~, W.H . Freeman and Company, San Fran c i s c o , 1 963 .

[3 ] J. C . Ko t z and P. Trei chel , CHEMI STRY & CHEMICAL
REACTIVITY. Saunders Coll ege Publishing , New York , New
Yo rk.

[4] Kat z. J C , Tr e i c hel. P. 1 99 9 . Ch e mi s t r y & Ch e mi ca l
Re activity. Saunders Co l lege Pub l ishing. New York, New
Yor k .
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