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1 0  PURPOSE 

This methodology document provides an estimate of the maximum concentrations of flammable 
gases (ammonia, hydrogen, and methane) which could exist in the vapor space of a double- 
contained receiver tank (DCRT) from the simultaneous saltwell pumping of one or more single- 
shell tanks (SSTs) This document expands Calculation Note 118 (Hedengren et a1 1997) and 
removes some of the conservatism from it, especially in vapor phase ammonia predictions The 
methodologies of Calculation Note 118 (Hedengren et a1 1997) are essentially identical for 
predicting flammable gas mixtures in DCRTs from saltwell pumping for low DCRT ventilation 
rates, i e ,  < 1 c h  The hydrogen generation model has also been updated in the methodology of 
this document 

2 0 METHODOLOGY 

This methodology is used to determine the maximum levels of ammonia, hydrogen, and methane 
that could be expected in the vapor space of a DCRT The methodology addresses the penods 
during and after the DCRT is filled to its operational fill limit with liquid waste from one or more 
SSTs Henry’s Law constants, which are calculated based on several empirical models for the 
solubility of gases in liquid salt mixtures, are used to predict the amount of flammable gases 
which may be transported from one or more single-shell waste tanks to a DCRT and released to 
the DCRT vapor space In addition, hydrogen generation within the radioactive liquid waste in 
DCRTs is considered The sources of hydrogen generation include radiolysis, thermal 
degradation of organic in the waste, and DCRT corrosion Ammonia release to a DCRT’s vapor 
space during and after the saltwell pumping of one or more SSTs is also calculated 

2 1 CALCULATION OF HENRY’S LAW CONSTANTS FOR AMMONIA, 
HYDROGEN, AND METHANE IN SINGLE-SHELL TANK LIQUID WASTES 

The equilibnum concentrations of gases which exist between the vapor phase and aqueous 
solutions can be represented by the Henry’s Law expression 

X = KHP (1) 

where p is the partial pressure of a particular gas expressed in atmospheres, KH is the Henry’s 
Law constant for that gas, and X is the concentration of that gas in the aqueous solution The 
Henry’s Law constant for a gas depends on several vanables, including temperature and the 
concentrations of the vanous ions in solution 

Of the models reviewed in Shekamz et a1 (1997), the Schumpe model (Schumpe 1993) gave the 
best agreement with expenmental values from saturated waste The Schumpe model is given by 
Equation 2 

1 
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Gas 

Ammonia 
Hydrogen 
Methane 

where CGO and CG denotes the gas solubility of gas G in pure water and in a salt solution, 
respectively, KHG (water) and KHG (solution) are Henry’s Law constants for soluble gas G in 
pure water and salt solutions, h, and hG are the ion and gas specific coefficients, and c1 (mole/L) 
is the concentration of ion “1” in the salt solution The gas-specific constant, hG, is assumed to be 
a linear function of temperature 

L L 
mole O K  mole 

hGo, - hT, 

O* -0 0481 
-2 99 E-4 -0 0218 
-5 24 E-4 0 0022 

where hG0 is the reference value, and hT is the temperature-specific coefficient 

Values of hc 0 and hT for ammonia, hydrogen, and methane are given in Table 2-1 

The terms Ccl and Ch,c, are calculated using ion concentrations obtained from a vanety of 
sources, including the best basis data and tank characterization data and assumptions based on 
similar waste types The values for the ion-specific constants h, are presented in Table 2-2 

The vanous Henry’s Law constants, KH o(solution), for each tank waste solution are obtained by 
dividing the appropnate temperature dependent value Of KHG(Water) calculated with one of the 
following equations (Equations 5, 6 ,  or 7) by its corresponding Schumpe ratio of 
KH G(water)/KHG(solution) Definitions of the formulas used to calculate the Henry’s Law 
constants are presented in Appendix A 

The equations which are used to calculate Henry’s Law constants for the major flammable gas 
constituents, ammonia, methane, and hydrogen, are given in Appendix A An example of the 
spreadsheet, which is used to calculate Henry s Law constants, is given in Appendix D An 
alternate method for calculating ammonia concentration in a DCRT vapor space, for higher 
ventilation rates (generally > 1 cfm) is given in Appendix B This model uses mass transfer 

2 
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Ion 

Na 'I 

coefficients, which limit the rate of ammonia transferred from the liquid waste surfaces in a 
DCRT to its vapor space Examples of this spreadsheet are given In Appendix C 

L 
mole 

0 1143 

hi, - 

A1 '3 0 2174 

I Cr +' I 0 0648 I 
Fe '3 

I Ni " I 0 1654 I 

0 1161 

I K + I  I 0 0922 I 

~~ ~ ~~ 

1 NO2 

co3 ' 
PO4 

so4 
F '  

I OH I I 0 0839 I 

0 0795 

0 1423 

02119 

0 1117 

0 0920 

I I 0 0128 I I NO? 

I c1 I 0 0318 I 
I L1+' I 0 0754 I 
I Br ' I 0 0269 I 
'Wenenberger and Schumpe (1996) 

The Henry's Law constant obtained through the above procedure must be converted from a molal 
basis, moles of solute per kg of solvent (water) in solution, to a basis of moles per volume of 
solution The conversion is accomplished by calculating 

KH, L liquidwastebasis= (KH, kg waterbasis)p, mL (4) 

where OL is the weight fraction of water in the solution and p~ is the solution density 

3 
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DCRT 

S 
BX, TX, U 

Equations for Henry's Law constants are reported for various gases including ammonia, 
hydrogen, and methane in water (Norton and Pederson 1995) The equation and its source for 
each gas at 1 atmosphere in equilibnum with water is given below The equation for methane is 
correctly reported in Shekarriz et a1 (1997) 

Total Volume 
(ft", (m3) 

Height/Lengtb Orientation Diameter 
(ft) (m) (ft) (m) 
15 457  15 5 4 72 Vertical 2712 768 
12 366  35 10 67 Horizontal 4146 1174 

Ammonia (Clegg and Brimblecombe 1989) 

K H N H ~  [mole/kg water-atm] = exp[-8 0964 + 3917 50/T - 0 00314 x TI, T = "K 

Hvdrogen (Young 1981) 

K H H ~  [molekg water-atm] = exp[ 121 922 + 5528 45 / T + 16 8893 x In TI, T = "K 

Methane (Clever and Young 1987) 

K H C H ~  [molekg water atm] = exp[  412 1421 + 15557 56 / T + 65 2553 x In T - 0 06167 x TI, T='K 

2 2 CALCULATION OF MAXIMUM CONCENTRATIONS OF METHANE, 
AMMONIA, AND HYDROGEN IN A DOUBLE-CONTAINED RECIVER TANK 

Liquid from vanous SSTs is saltwell pumped to their respective DCRTs The following 
methodology is used to calculate the maximum concentrations of methane, ammonia, and 
hydrogen that can be expected in the vapor space of a DCRT during and after a tank is filled to 
its operational fill limit Table 2- 3 gives the dimensions and onentations of the two sizes of 
DCRTs to be used to stage saltwell pumping liquid waste from SSTs 

4 



Methane 

The mole % or volume % of methane in the vapor space of a DCRT is calculated assuming 
conservatively that all of the methane dissolved in the liquid waste entermg the DCRT is 
released instantaneously to a fixed vapor space of 20% of the volume of the DCRT This is a 
simplistic approach, but since the methane contribution to the vapor flammability is small, this 
approach is adequate for these calculations The concentration of the methane in the feed liquid 
waste entermg a DCRT is obtained by multiplying the calculated Henry's Law constant for 
methane in the waste solution by its partial pressure The partial pressure of methane is 
calculated by assuming that 5% of the trapped gas in a liquid waste is methane and that 65% is 
hydrogen The remaining 30% is assumed to be nonflammable gases These are reasonable 
median values for the gas retained in high-solids layers (Peurnmg 1998) However, if SST 
specific measured data are available, they should be used The total pressure of the gas in the 
waste of a particular tank is obtained from Hodgson et a1 (1997) This pressure is based on the 
assumption that the average gas location is 22 5% of the height of wet solids from the bottom of 
the waste tank (Hopkms 1996) Therefore, unless tank specific data exist, 5% of the total 
pressure is attributed to methane and 65% of the total pressure is attnbuted to hydrogen The 
time to maximum methane concentration is the fill time of a DCRT from empty to approximately 
80% full The % lower flammability limit (LFL) contribution from methane is obtained by 
dividing the calculated vapor space percent methane by 5 0% (100% LFL for methane [CRC 
Press (1973)l) and multiplying by 100% 

Feed to DCRT = 4 gpm = 15 14 Umm 

Assume all CH4 is released to dome space at 1 atm and 25 "C 

Assumed ventilation rate, Vr = 3 cfh x (1 hr/60 mm ) = 0 050 cfm 

For ideal gas behavior, 

V=- , where V is a volumetric flow rate and n is a molar flow rate 
P 

28 32 e 1 atm - e  
15 14 e,,q mole-"K (298 1 ft' ) 0 082056 

V = G r = X (  mln )[ 1 atm 

where, 

(9) 

Gr = volumetnc addition rate of dissolved methane entering a DCRT in liquid waste 
expressed as a gas flow rate (cfm) at 1 atm and 25 "C and where X = molar 
concentration of methane in the liquid waste, as calculated by Equation 1 Therefore, this 
equation is reduced to 

5 
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Gr = 1 3 0 8 1 x X ( c h )  (10) 

The percent methane (CH4) is calculated as a function of time as a DCRT is filled Equation 11 
is used (Estey 1997) for this calculation 

where, 

(1 00%) 

CH4 = mole percent methane in a DCRT vapor space as a function of time 

Gr = volumetnc flow rate of methane into a DCRT vapor space from the liquid waste 
entenng the DCRT 

Vr = ventilation rate of a DCRT vapor space 

Volume = vapor space in a DCRT at end of filling with liquid waste 

t = time from beginning of liquid waste pumping into a DCRT 

The calculated volume percent methane in the vapor space of the DCRT and the corresponding 
% LFL for methane are calculated using the above equations 

Ammonia 

For low ventilation rates (< 1 c h ) ,  the mole % or volume 'YO of ammonia in the vapor space of a 
DCRT is calculated assuming that the partial pressure or concentration in the vapor space is 
always in equilibnum with the concentration in the liquid waste phase This is obtained by 
dividing the concentration of ammonia in the liquid waste by the appropriate Henry's Law 
constant for ammonia (See Henry's Law discussion earlier in this report) The % LFL 
contribution from ammonia is obtained by dividing the calculated vapor space percent ammonia 
by 15 5% (100% LFL for ammonia [CRC Press 19731) and multiplying by 100% 

However, a more accurate model may be used to predict the ammonia concentration in the vapor 
space of a DCRT This dynamic model, using mass transfer limiting equations, produces more 
accurate results when higher ventilation rates exist in a DCRT, (e g , > 1 cfm exhaust ventilation 
rate) The denvation of this model is given in Appendix B 

6 
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Hydrogen 

The mole YO or volume % of hydrogen in the vapor space of a DCRT is calculated based on the 
assumption that all of the hydrogen dissolved in the liquid waste entenng the DCRT and all of 
the hydrogen generated in the DCRT are released instantaneously to a variable vapor space, 
which for the base case, vanes from 100% to approximately 20% ofthe volume of the DCRT as 
the tank is filled from empty to approximately 80% full The concentration of the hydrogen in 
the feed liquid waste entenng a DCRT is obtained by multiplying the calculated Henry's Law 
constant for hydrogen in the waste solution by its partial pressure as given in Equation 1 The 
partial pressure of hydrogen is calculated by assuming that 65% of rhe trapped gas in a liquid 
waste is hydrogen and that 5% of it is methane (Perrung et a1 1998) The remaining 30% is 
assumed to be nonflammable gases The total pressure of the gas in the waste of a particular 
tank is obtained from Hodgson et a1 (1997) This pressure is based on the assumption that the 
average gas location is 22 5% of the height of wet solids from the bottom of the waste tank 
(Hopkins 1996) Therefore, 5% of the total pressure is attnbuted to methane, and 65% of the 
total pressure is attnbuted to hydrogen 

The calculation of DCRT headspace hydrogen volumes and concentrations are based upon a 
numencal analysis technique for the solution of initial value ordinary (1 e , only one independent 
vanable) differential equations The independent variable is time The technique used is a 
differential equation solver provided in the Professional Edition of Mathcad'* software The 
baseline modeled situation is that an empty DCRT begins to fill at 4 gpm until the tank is 
approximately 80% full (See Appendices D and E) The DCRT is provided with a positive 
ventilation of about 3 to 5 cfh The waste being added to the DCRT carries with it dissolved 
hydrogen which is immediately released upon entenng the tank Additionally, the inventory of 
waste in the DCRT generates hydrogen due to radiolysis, chemical reactions, and corrosion of 
the wetted DCRT surfaces The hydrogen generation rate equations used in this analysis are 
provided by the models documented in Hu (1999) The dissolved hydrogen concentrations in the 
waste are calculated using the calculated Henry's Law constants discussed earlier and the 
Henry's Law expression as given in Equation 1 

The basic ventilation model assumes instantaneous and uniform mixing of the headspace gases 
Typically, such models use constant tank ventilation rates, constant hydrogen generation rates, 
and constant headspace volumes In such a situation, the rate of change of hydrogen in the tank 
headspace is proportional to the amount of hydrogen present in the tank headspace and can be 
expressed as a first order ordinary differential equation 

d(Hz volume)/dt = kl - (kz/k3) x (Hz volume) (12) 

where, 

kl = Hz generation rate 
kz = tank exhaust rate (tank ventilation rate + kl) 
k3 = tank headspace volume 

I Mathcad' is a registered trademark of Mathsoft Inc Cambridge Massachusetts 

7 
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The solution of this differential equation can be obtained via analytical techniques whereby 
substitution and application of the limits of integration show that time is proportional to the 
natural logarithm of headspace hydrogen volume/concentration ratios Conversely, the 
headspace hydrogen volumes or concentrations are proportional to a function which includes an 
exponential in time 

The situation modeled in this analysis does not lend itself to solution via analytical techniques 
because the rate of hydrogen input to the DCRT headspace and the DCRT headspace volume 
vary as functions of time 

In this case the differential equation is written 

d(Hz volume)/dt = f,(t) - [fz(t)/f3(t)] x (Hz volume) (13) 
where, 

fi(t) = Hz generation rate 
fz(t) =tank exhaust rate [tank ventilation rate + liquid volume addition rate + f,(t)] 
f3(t) = tank headspace volume 

In this analysis, the units of the independent variable t are hours The time penod of interest is 
zero hours to the time at which the DCRT is 80% full at the given DCRT fill rate The solution 
evaluates the value of fi(t) at a given time step using the hydrogen generation models and 
including the dissolved hydrogen release rate associated with the DCRT fill rate The functions 
fz(t) and fi(t) are calculated as the fill rate continually reduces the volume of the DCRT 
headspace The differential equation solver is then used to estimate the volume of Hz in the 
DCRT headspace at the time of interest and the corresponding value of d(Hz volume)/dt is 
calculated by substituting these results into the differential equation 

The time to the first maximum hydrogen concentration is the time it takes to fill a DCRT from 
empty to approximately 80% full A second, steady-state maximum may be reached later if the 
rate of generation of hydrogen within the DCRT is sufficiently high The % LFL contribution 
from hydrogen is obtained by dividing the calculated vapor space percent hydrogen by 4% 
(100% LFL for hydrogen [CRC Press 19731) and multiplying by 100% Examples of these 
calculations for vertical and honzontal tanks are given in Appendix E 

Total Percent Lower Flammabilitv Limit from Ammonia. Methane. and Hvdrogen in 
Double-Contained Receiver Tank Vapor SDace The total vapor space % LFL is obtained by 
adding the respective % LFL contnbutions of methane, ammonia, and hydrogen However, the 
total vapor space % LFL for the steady state case results from considering only the steady-state 
ammonia concentration in the vapor space, the hydrogen generation within the DCRT, and the 
ventilation rate Methane generation within the DCRT is assumed to be small and is, therefore, 
not considered Examples of these calculations are given in Appendix E 

8 
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Time to 25%, 50%. 100%. and 200% of Lower Flammable Limit After Loss of Active 
Ventilation The times to reach 25%, 50%, loo%, and 200% LFL assuming only barometric 
breathing may also be calculated Equation 8 from Hu (1997) is to be used to make these 
calculations The total % LFL is the sum of the hydrogen %LFL and ammonia % LFL for 
steady-state calculations The total % LFL at end of fill is the sum of the hydrogen % LFL, 
ammonia % LFL, and the methane % LFL Examples of these calculations are given in 
Appendix E 

The ammonia and methane concentrations used are the steady-state and end of fill values 
calculated, respectively The hydrogen concentration used for time zero in these calculations is 
the greatest value calculated during or after a DCRT is filled 

3 0 ASSUMPTIONS 

Sample calculations given in this document present expected maximum concentrations of 
flammable gases in a DCRT based on a scenario in which liquid wastes are transferred from SST 
to an empty DCRT However, other scenarios can be addressed using these same models These 
include saltwell pumping of multiple SSTs to a single DCRT which has an initial heel of waste 
The initial heel of waste gives an initial flammable mixture in the DCRT vapor space, which 
must be measured or calculated The endpoint of pumping may be more or less than the base 
case 80% fill Wastes other than those from SSTs, e g , laboratory wastes and flush water may 
also be addressed by this model If dilution water is a part of waste being saltwell pumped, 
calculations can be made using the defined models to predict changes in flammable gas levels in 
a DCRT’s vapor space on loss of dilution water If multiple tanks are to be simultaneously 
saltwell pumped to the same DCRT, several approaches may be used in applying the models 
described herein For example, if the feed streams fluctuate in flow rate, worst case scenarios 
can be modeled to create an umbrella of acceptable saltwell pumping The models presented in 
this document can also be applied to non DCRT tank transfers of wastes The base case 
assumptions are 

1 The liquid waste being transferred into the DCRT from SSTs contains the dissolved gases 
hydrogen and methane that are in equilibnum with a 65% hydrogen and 5% methane 
gaseous mixture The remaining 30% is assumed to be nonflammable gas The pressure 
used in the calculations was the average gas pressure calculated for gas trapped in the 
waste (Hodgson et a1 1997) The conservative values of 65% hydrogen and 5% methane 
are based on work reported In Perrung et a1 (1998) 

2 Since hydrogen and methane are very insoluble, it is assumed that all of the methane and 
hydrogen are released to the vapor space as soon as they enter the DCRT No methane 
generation within a DCRT is considered 

9 
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3 The DCRT ventilation rate from bubbler flow is normally from 3 to 5 cfh based on the 
assumption that two of the bubbler tubes used for level measurements provide a total air 
flow of at least 3 cfh This is based on information for tank farms operation that the 
weight factor bubbler can be operated at maximum flow rates of 2 6 to 2 8 c f i  

Since ammonia is a soluble gas, it is not reasonable to assume that 100% of the ammonia 
is released Therefore, for ventilation rates less than 1 c h ,  it assumed the DCRT vapor 
space is to continuously have a concentration of ammonia which is in equilibrium with 
the ammonia in the liquid waste entering the DCRT However, a dynamic model, 
presented in Appendix B, may be used for higher ventilation rates, e g , > 1 cfm This 
model takes credit for mass transfer limiting phenomena for the transfer of ammonia 
from the liquid to the gaseous phase of the vapor space 

5 The total % LFL of flammable gases in a DCRT is the sum of the individual % LFL 
contnbutions of hydrogen, methane, and ammonia These are the significant flammable 
gases in SSTs 

6 Hydrogen bubble transport into DCRTs is discussed in Peurrung (1998) This discussion 
concludes that the transport of hydrogen via bubbles entrained in liquid being pumped 
into a DCRT is negligible Based on the referenced discussion and the conservative 
assumption that 100% of the soluble hydrogen in a SST is transported to a DCRT, it is 
assumed that no hydrogen is transported from the SST to a DCRT via bubbles 

4 

4 0 APPLICATION OF METHODOLOGY 

The methodologies of this document can be used to predict flammable gas concentrations which 
could exist in the vapor space of a DCRT from the simultaneous saltwell pumping of one or 
more SSTs If several waste streams are added simultaneously to a DCRT or if the waste being 
added is denser than that in a DCRT, credit may be taken for mixing The minimum temperature 
used in the analysis for waste or vapor space in a DCRT shall be 80 degrees Fahrenheit because 
of heating which can take place from warm ventilation air during the summer The methodology 
can also be adapted to waste transfers between other cylindrical tanks which are vertical or 
honzontal 

This document considers the buildup of three flammable gases in DCRTs from the waste that is 
transferred into them Other flammable 
gases are of insignificant concentrations Nitrous oxide levels are sufficiently low to preclude its 
adverse effect on the total lower flammability limit of the methane, ammoma, and hydrogen 
mixtures Organic layer tanks, such as 241-C 103, are not to be pumped through DCRTs and are 
not covered by the methodology of this document 

These gases are methane, ammonia, and hydrogen 
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The equilibrium model for ammonia is adequate for DCRT ventilation rates less than or equal to 
bubbler air flow rates of 5 cfh However, for ventilation rates above about 1 cfm, the equilibrium 
model is overly conservative in predicting high ammonia concentrations in the vapor phase For 
these higher ventilation rate cases, the dynamic model yields more accurate predictions of vapor 
phase ammonia concentrations 

Ventilation rates for DCRTs 241 TX-244, 241-A-244, 241-S-244, and 241-BX-244 have been 
estimated based on the measured decay rate of tracer gas injected into each of these DCRTs as 
part of a test discussed in Bauer and Hedengren (1999) 

5 0 VALIDATION OF METHODOLOGY 

The results of a series of ammonia solubility measurements in high concentration salt solutions 
indicate that the Schumpe model under predicts the solubility of ammonia in high salt solutions 
These laboratory measurements were performed at Washington State University-Tri-Cities The 
results of this testing show that as salt concentrations increase, ammonia solubility decreases 
progressively slower The currently used Schumpe model, which is based on low salt 
concentration measurements, increasingly under predicts ammonia solubility as salt 
concentrations increase above 10 molar (anions plus cations) The consequence of using the 
Schumpe model for high concentration salt solutions is over predicting concentrations of vapor 
phase ammonia in waste tank dome spaces This work performed by D C Hedengren (see 
Appendix F) shows that at room temperature, the Schumpe model discussed 111 this document 
under predicts the solubility of ammonia in concentrated 241-SY-101 simulant by a factor of 6 
Also, this work showed that for a 1 1 dilution of this 241-SY-101 simulant, the Schumpe model 
under predicts ammonia solubility by a factor of 2 7 at room temperature 

Vapor space ammonia measurements which have been made in the TX and S DCRTs are 
consistently lower than those predicted by the Schumpe model for the equihbnum condition 

Appendix G presents calculations which are being used for vanous safety analysis applications 
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APPENDIX A 

DEFINITIONS OF FORMULAS USED TO CALCULATE HENRY’S LAW 
CONSTANTS 
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Definition of Formulas Used to Calculate Henry's Law Constants 

Ammonia Units 

e 
mole 
- 

Hydrogen 

none 

units Formula 

kg H ,  0 - atm 

K H  = Ksdt 

%,ler 

Partial 
Pressure 1 atm 

mole 
kg H,Oxatm 

Formula 

- XpgglmL - 
(1,000) (molecular weight NH,) 

KH = K,,,, 

= h,, + hT x (T - 2 5 ) ,  

Temperature in "C 

mole 

L(ltqutd) atm 

~ 

[ 80964+391750/T 000314xT] = e  

Temperature in K 

- concentration in liquid - 

h(G) 1 - e = h,,+ hT x (T - 2 5 ) ,  I 
I mole I 

Temperature in "C 

[ 121 922+552845/T+168893xinT] = e  

Temperature in K 
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KW,lW 

Methane 

mole 
kg H,Oxatm 

Units Formula 

= h,, + hT x (T - 25) , 

Temperature in "C 

I/ ( I ( h i  x CI) + h(G) x I C I  } = 10 
[4121421+1555756/T+652553xlnT 006167xT] = e  

Temperature in K 
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APPENDIX B 

ALTERNATE METHOD OF CALCULATING AMMONIA IN A VAPOR SPACE 

(FOR VENTILATION RATES > 1 CFM) 
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For ventilation rates in DCRTs less than about 1 cfm, the equilibrium model is a good estimate 
of the ammonia in the DCRT vapor space during and after waste addition However, as 
ventilation rates increase above about 1 cfm, the equilibrium model significantly over predicts 
the levels of ammonia in the vapor space from liquid waste in a DCRT Therefore, a model has 
been developed to address ammonia levels in DCRTs that have a ventilation rate above 1 cfin 
This model is based dn the Analysis Framework, which includes a model developed by Sandia 
National Laboratory for the Hanford underground waste storage tanks The Analysis Framework 
is the analytical method for analyzing the impact of potential controls for flammable gases on 
risk in Hanford Site single-shell tanks and double-shell tanks The part of the model, which was 
adapted for this application, is presented in the Analysis Framework document, HNF-SD-WM- 
ES-410, Rev 2, Section 3 3, “Ammonia Releases Dunng Buoyant Displacement Gas Release 
Event and Waste Transfers” with special emphasis on Section 3 3 3, “Ammonia Release Dunng 
Transfers ” Since ammonia release is a surface controlled phenomenon, the ammonia release 
model of the Analysis Framework divides the liquid waste surfaces involved into three zones 

. 
Falling Waste Zone surfaces of the falling waste 

Turbulent Splash Zone waste surface located where the falling waste lands 

Secondary Disturbance Zone disturbed waste outside of the Turbulent Splash Zone 

Two additional sources of ammonia release to the DCRT vapor space are also considered These 
are 

Undisturbed Surface Zone undisturbed waste outside of the Turbulent Splash Zone and 
the Secondary Splash Zone 
Bubbler Air bubbler air that is discharged below the liquid waste surface 

Each of these five sources of ammonia release to the vapor space of a DCRT is discussed below 
The modeling of these sources is also presented 

1 Falling Waste 

The liquid waste coming out of a transfer line into a DCRT may or may not be a continuous 
stream If the stream is continuous, some droplets and discontinuous slugs may form because 
of gravitational acceleration and air resistance This model accounts for the possible increase 
in surface area using a factor fi equal to 10 This factor is multiplied by the surface area of a 
continuous solid cylinder of water that corresponds to the waste addition rate and expected 
stream velocity at the discharge pipe exit The factor of 10 is based on an analysis contained 
in Section 3 3 of the Analysis Framework The overall mass transfer coefficient for the 
falling waste is determined by the calculation of its liquid film mass transfer coefficient and 
its gas film mass transfer coefficient 
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Liquid Film Coefficient The equation derived in the Analysis Framework for a liquid film 
coefficient for a growing transfer film thickness with time is given as 

where: 

t is the time after the waste leaves the discharge pipe and 

0 is the tortuosity factor affecting diffusion in the waste If only liquids are present, 
0= 1 

For a differential element of liquid in free fall, the distance covered in time t is given as 

1 
2 

L = u, t + - gtZ 

where, 

U, is the vertical velocity of the waste coming out of the pipe and 

g is the gravitational constant 

The time for a differential element of liquid to fall from the end of the inlet pipe to the surface of 
the waste is 

where, 

L is the distance from the end of the inlet pipe to the waste surface 

The average value of hl can be determined as the integral of hl over height divided by the 
length L to the tank waste surface so that 

1 1 
L L 4@t 

h, = - Ih,dL = - I,/% dL 

With dL = Udt and U = U, + gt, the integration gives 

(4) 
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Gas Film Coefficient The velocity at the interface between two fluids is not normally zero 
However, if one of the surfaces is a solid, the fluid velocity parallel to the surface is zero 
Because tank waste being saltwell pumped is usually a dense liquid, the assumption is made that 
mass-transfer correlations for a fluid flowing across a solid plate are valid For Reynolds 
numbers below about 5 x lo5, a laminar boundary layer exsts and the average mass-transfer 
coefficient from the leading edge to a distance x is given as 

where, 

Sh is the Shenvood number, 
Sc is the Schmidt number, and 

Re is the Reynolds defined as 

P,UX Re =- (7) 
k 

with U defined as the bulk gas velocity relative to the surface and d, the stream diameter, is used 
for the distance x 

Sc is defined as 

where, 

p, is the gas viscosity, 

pg is the gas density, and 

D, is the diffusion coefficient in the gas phase 

The overall mass transfer coefficient for falling waste (hfw) is given as 

1 
h, = (9) 
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where, 

K is the calculated Henry's Law constant, 

T is the temperature of the liquid waste that is being saltwell pumped into a DCRT, and 
R is the gas constant 

hl 
The product KRT is a dimensionless Henry's Law constant 

and h, are the liquid and vapor film coefficients, respectively 

2 Turbulent Splash 

In the splash zone, vapor motion is induced by the falling waste and the liquid at the surface of 
the splash zone is disturbed by the falling waste so that significant turbulence is expected 

Gas Film Coefficient The mass transfer coefficient for the gas film is assumed to be the same 
as for the falling waste, as an estimation, because of the complexity in modeling the splash zone 
Several rudimentary tests (one is reported in the Analysis Framework and one was performed by 
the author of this document) suggest that the factor fz be set equal to 10 This factor IS multiplied 
by the diameter of a continuous solid cylinder of water which corresponds to the waste addition 
rate and expected stream velocity at the discharge pipe exit This adjusted diameter IS assumed 
to be the diameter of the splash zone 

Liquid Film Coefficient This model estimates the effect of the disturbance of the splash zone 
on the liquid phase mass transfer using the surface renewal model of the Analysis Framework 
The renewal time is defined as the characteristic dimension of the splash zone, dsplash divided by 
the velocity of the waste when it reaches the surface That is, 

where 

According to surface renewal theory, as discussed in the Analysis Framework, the mass transfer 
coefficient for the liquid film is defined as 
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where, 

z,,,, is the charactenstic surface renewal time 

Overall Mass Transfer Coefficient 

The overall mass transfer coefficient for turbulent splash (h,) is given as 

1 h, = 

where K is the calculated Henry’s Law constant and T is the temperature of the liquid waste 
which is being saltwell pumped into a DCRT 

3 Secondary Disturbance 

Estimation of the mass transfer resistance offered by liquid phase in the secondaly disturbance 
zone is complicated by the motion of waves and the small currents produced at the surface by 
these waves In order to avoid modeling the complicated motions, this model, as is suggested by 
the Analysis Framework, assumes that the gas phase resistance is limiting If the liquid phase 
transfer were limiting, then the predicted mass transfer rate would be conservative because the 
predicted release rate would be higher than that computed for the liquid phase 

Gas Film Coefficient The mass transfer coefficient for the gas film is denved in the Analysis 
Framework by taking an equation for natural convection from a honzontal heated plate, using the 
Chilton-Colbum analogy (discussed in the Analysis Framework) to relate natural convection heat 
transfer to mass transfer, and solving for the gas film coefficient resulting in the following 
equation 

D, 
Lo 

h, = 0 15 - SC”’ (3”’ 

where the Grashoff number, Gr, is a measure of buoyancy defined as 

where AT is the temperature difference between the waste surface and the bulk gas, and p is the 
thermal expansion coefficient For an ideal gas, 
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where, 

V is molar volume if gas at pressure P 

For natural convection from a honzontal heated plate, the characteristic length, L,, is the top 
surface area of the plate divided by the perimeter Therefore, for a circular area L, is equal to 
one-fourth the diameter However, L, is raised to the third power in the Grashoff number, Gr, 
and Gr is raised to the 1/3 power in Equation 14 This L, cancels with the L, in the denominator 
of Equation 14 Therefore, the mass transfer coefficient for the gas film has no dependence on 
L, It should also be noted that the temperature dependence of the mass transfer coefficient for 
the gas film, hg, is weak because the Grashoff number, Gr, is raised to the 1/3 power 

Overall Mass Transfer Coefficient 

The overall mass transfer coefficient for secondary disturbance (hsd) is given as 

where K is the calculated Henry s Law constant and T is the temperature of the liquid waste 
which is being saltwell pumped into a DCRT 

4 Undisturbed Surface 

Mass transfer of ammonia from the undisturbed surface of liquid waste is calculated using the 
entire liquid surface in a DCRT This conservative assumption can, therefore, be applied to both 
saltwell pumping and non-saltwell pumping situations 

Gas Film Coefficient The mass transfer coefficient for the gas film is denved m the Analysis 
Framework by taking an equation for natural convection from a horizontal heated plate, using the 
Chilton-Colbum analogy to relate natura1 convection heat transfer to mass transfer, and solving 
for the gas film coefficient resulting in the following equation 

u g  hg = 0 15 - S C ” ~  Gr”3 
T 
J-c 

This is the same equation as was denved for the mass transfer coefficient for the gas film in the 
secondary disturbance case previously discussed The associated discussion also applies to the 
undisturbed surface case 
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Liquid Film Coefficient The analysis, which was used to obtain the gas film coefficient for 
both the secondary disturbance case and the undisturbed surface case, can be applied to mass 
transfer of ammonia from a liquid surface to the vapor phase The vapor film mass transfer 
coefficient, as discussed previously, is derived from a Chilton-Colburn analogy between heat and 
mass transfer for the fluid above a heated plate An estimate of the liquid film mass transfer 
coefficient can also be arrived at using the same analog with the input of liquid properties instead 
of vapor properties It is assumed that natural thermal convection occurs due to the heat 
generation in the liquid waste and the cooler surface temperature due to evaporation at the 
surface In the case of the hot plate, the highest temperature is at the plate and the highest fluid 
temperature is at the vapor film right at the hot plate In the case of hot liquid waste, the highest 
temperature is not necessarily at the bottom of the waste However, the use of Equation 14 does 
not require a convective layer thickness, but only a temperature difference Therefore, although 
it is expected that the region of liquid where there exists a temperature gradient is smaller than 
the whole liquid volume, Equation 14 can still be applied to the region where there is a 
temperature gradient Mass transfer through that region is then analogous to heat transfer 
through that region Equation 14, with the L, cancelled, thus becomes (using liquid rather than 
gas parameters) 

Overall Mass Transfer Coefficient 

The overall mass transfer coefficient for undisturbed surface (huJ is given as 

where K is the calculated Henry's Law constant and T is the temperature of the liquid waste 
which is being saltwell pumped into a DCRT 

5 BubblerAir 

Approximately two-thirds of the bubbler air is bubbled through the liquid waste in a DCRT for 
level and density measurements It is assumed that this ax is saturated with ammonia The 
molar flow rate of ammonia into the DCRT vapor space from this source is calculated using the 
ideal gas law and the appropnate Henry's Law constant as 
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where, 

V is the volumetric bubbler flow of air through the liquid waste, 

C, is the concentration of ammonia in the liquid waste, 

R is the gas constant, and 
T is the liquid waste temperature 

Calculation of Ammonia in a DCRT Vapor Space 

The molar flow rate of ammonia into the vapor space of a DCRT from the first four sources 
discussed previously is given as 

where, 

q is the molar flow rate of ammonia into the vapor space of a DCRT 
h, is the overall mass transfer coefficient for each of the first four sources of ammonia 
given previously, i e , falling waste, turbulent splash, secondary disturbance, and 
undisturbed surface 

A, is the mass transfer area associated with each of the four sources of ammonia listed 
above 
CL,"~ is concentration of ammonia in the liquid waste 

H is Henry s Law constant for ammonia in the liquid waste of the DCRT 
Ct is the concentration of ammonia in the vapor space of a DCRT at time t 

P is the pressure in the vapor space of a DCRT 

y is the molar volume of gas in the vapor space 

The mass balance for ammonia in a DCRT vapor space is given as 
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where, 

V is the vapor space volume 
C, is the concentration of ammonia in the vapor space of a DCRT at time t 

q is the molar flow rate of ammonia into the vapor space of a DCRT 

Q is the volumetric exhaust ventilation flow rate from a DCRT 

Substituting q in Equation 20 into Equation 21 and treating Q and V as constants, two constants, 
kl and kZ are defined as 

and 

The resulting differential equation can be wntten as 

dC 
dt 
2 = k, + k, C, 

Rearranging this equation and integrating from an initial vapor space ammonia concentration of 
C, to a final vapor space ammonia concentration of C, at time t yields the following equation 

1 
C, = - [(k,C, + k,) eklt - k,] 

k, 

This equation can then be used to solve for the ammonia concentration as a function of time in a 
DCRT vapor space assuming a fixed volume of waste and a fixed vapor space in the DCRT 
Results for various fill conditions can be examined to obtain a conservatively high estimate that 
can exist in a DCRT at any time during its fill This maximum value can be added to 
contnbutions from hydrogen and methane to obtain a total concentration of flammable gases in 
the vapor space of the DCRT 
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APPENDIX C 

Vapor Phase Ammonia Calculations for Vertical and Horizontal DCRT’s 

Using Mass Transfer Limiting Model of Appendix B 

(Vertical DCRT Pages C-2 Through C-8 

and 

Horizontal DCRT Pages C-9 Through C-15) 
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APPENDIX D 

Calculation of Henry’s Law Constants for Ammonia, Hydrogen, and Methane 

Using Schumpe Model 
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case 3 
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case 5 

Ammonla 
Hydrogen 
Methane 

Schurnpe Schurnpe pura water K rnd/L(liq) abn "3 
grnoledL (Iq ) h (0) Kwater/KsaR (rnd/kgwbat HenrysK Part P abn 

0 08220449 00481 8796238969 4577208045 3570952654 Oo23020325 
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APPENDIX E 

Calculation of Flammable Gas Mixtures in DCRTs 

(Vertical DCRT Pages E-2 Through E-29 

and 

Horizontal DCRT Pages E-30 Through E-58) 
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Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT... 
Inwt  Data 
Input diameter of DCRT (d) DCRT 244-S Calculabons based on worst case hydrogen tank 241SX-105 and 

- the inibal cond&on of the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full M h  

CASE 3 S-I07 dissolved hydrogen 

Input length of DCRT Q pumping rate of  4 gpm wenblabon rate of 5 ct3)-Includes ammonia 
from SX-102 and methane from S-I07 

Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

-3 3 1 flow 
f l 0 ~ = 8 9 1 2 x  10 rt sec - = 32 083 

(rt3) 

Higher Input flow rate - . 

-3 3 1 flow, -- flow~ = 8 912 x 10 rt sec 
fe3) - 32083 

Calculate total DCRT volume (tvol) 
2 

tvol = L x  (;) 
(E) 

Assume DCRT has flat ends 

tvol = 2139rt3 

Volume of fdl at start of pumping 

hrol,t = 0 OOO rt3 

Time at start of pumping rate 2 (MUST be an INTEGER) 

Time at pumping rate 2 

Volume of fill at start of pumping rate 2 

tvol, = tvo l ,  + tune flow 

Case 3 Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 2 4 4 4  hf mcd 

tvol, = 1091 rt3 

E - 2  Process Engineering 
CH2M HILL 
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Author & e. h Date 1,/2d60 Checked by 

Calculate hours of fill time for the DCRT (t) 
Input percentage of tank fill 

%111 ....II=(- 100 tvol - tvoIm3 flow-' 

mantma(x) = x - floor(x) 

Rounding Off at the Halfway Point 

Rounding Off at Arbitrary Point 

roundoff(x) = tf(manbssa(x) < 0 S,floor(x),cell(x)) 

RoundOff(x,t) = tf(mantma(x) < t,floor(x),ced(x)) 

IIm = roUYldo&Il~ hr-1) hr lun = 69 OOOhr 

Time to fill" IS rounded to allow use as 
an integer counter Roundoff funcbons 
are not builtin Mathcad funcbons 

IIm = 2 4  103hr tf Inn>  2 4  I O 3 h r  
Ilm o thmse  

A bme limlt greater than 2400 hrs creates very large arrays and the 
solver equabon becomes very slow The solver cannot handle array 
slzes greater than -1,000,000 

I 
t = o h r  h 

Input DCRT waste and vapor temperature 

Input rate a t  which saltwell pumping introduces hydrogen to the DCRT (gr,, molar)(molehiter) & 
convert to f t3hr  

hter T 
mole 273 13 K 

grml = grsol~molaI 22 4 - flow 

(Reference ) 

Input DCRT ventllation rate (vr) \bl 
VT -- 

(*3) -5000 

Input saltwell waste specific gravity (r) 6) 
(Reference 

Input saltwell waste nitrate concentration (molar) 

(Reference 

Input saltwell waste nitnte concentration (molar) 

(Reference ) 

E - 3  Process Engineenng 
CH2M HILL 

Mathcad v2000+ 
Case 3 Worst Case H2-SX-105 S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 
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Date J,/5/60 
I 

~ Author&e&- 

Input saltwell waste aluminum concentrations (molar) 

(Reference ) 

Input saltwell waste TOC concentrations (grams carbon per liter) 

(Reference ) 

Input radiolytic power from waste (CdmL) and then calculate DCRT radiolytic 
power (power generation per cubic foot of waste) 

decays = 1 

CI = 3 7 10" 9 
define decays as a unlt of measure 

define Cunes (Ci) as a unlt of measure in decaydsec 
sec 

Conversion based on 137Cs - 137Ba pair 
Ref Wrkpatnck T D , and Brown R C 

Actnnty and Decay Heat Generabon Rates 
for Selected Radionuclides, 
RHO-SD-RE-TI-131, Rockwell Hanford 

[Eqn 51 1984, Basis and Values for Specific 

wsstepower = 6 182 x 10- 6 - B W  
hrmL Operabons Richland Washington 

Input source of waste, DST or  SST 
Tank type must be in quotes 

Constants and other input for H, generation by radiolysis 
Hu, T A, 1999, Empincal Rate Equabon Model of Hydrogen Generabon for Hanford Tank Waste, HNF-3851 

Rev 0 Lockheed Marbn Hanford Inc , Richland, Washington 

Pre-exponenbal factor of G in organic radiolysis (Hu 1999 - eqn 4-16) 

Acbvabon energy of G in organic radiolysis (Hu, 1999 - eqn 4-16) 

Weight fracbon liquid in matenal 

~ t ,  nd = 0 4 fi tank_type = "SST" ReactMty coefficient of TOC (0 7 for DSTs 0 4 for SSts) 
(Hu 1999 - eqn 4-16) I 0 7  otherwise 

- 

Et,-md = 0 400 

Constants and other input for H, generation by chemical reaction 
Hu, TA, 1999 Empincal Rate Equation Model of Hydrogen Generabon for Hanford Tank Waste HNF-3851 

Rev 0 Lockheed Marbn Hanford Inc , Richland Washington 

Case 3-Worst Case H2-SX-105 8, S-107 
dissolved H2 and SX-102 "3 to 244 S-hf mcd 
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~ Au thoroar /  &&,-- Date i,/a5/00 Checked by 

R,, = 

Thermolysis pre-exponenhal factor (Hu 1999 - eqn 4-8) 

fi3 mole 
If tank-type 'ST eference 6 OE-08 for DSTs and 1 2E-07 for SSTs 

3/min/ftq (Hu, 1999) 

1 2  IO-'- 

fi3 mole 6 0  lo-*- OthenvlSe 

fi2 - 22 4 liter 

e2 - 22 4 liter 

Actwabon energy of H2 generahon (Hu, 1999 - eqn 4-8) 

&-h = 0 4 If tank-type = "SST" 

ITOCl efficiencv coefficient 0 70 for DSTs 0 40 
I 0 7  othmse 

&-,i,,,, = 0 400 
'for SSTs (Hu i 999 - eqn 4-8) 

Define unit rate of corrosion hydrogen production (R) 

fi3 mole 
$- 224hter 

L = 1 2 o o x  10- - 

Initial condition of the ODE ft3 of hydrogen in the tank headspace at time e 0  

(Reference ) 

If there is a combustion gas moniter (cgm) measurement, calculate the &concentration 

e=== User inputs "yes" or "no" to indicate if a cgm measurement is available 

mn%FL-opo = 0 PPm (Reference ) 

Adjust H2 cgm reading for minimum detection limit (1220 ppm ( 3%LFL) combustable gas per 
WHC-SD-WM-"-256) 

mn%FL-CF = +%FL-cpo < 3 %m, 1220 PPm, mn%FL-cpo) mn%m-cm = 1 220 x ld ppm 

Calculation H2 concentration in the dome space based on the CGM measurement 

con%-om = 3 OOO%L.FL, con% - Em = 12OOppm 

E - 5  
Case 3 Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 244-5 hf mcd 
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Author & e %!d-?pc. Date Checked by Date lF6/& 

volm = flag, = wyesm ,conqu_c8m (tvo~ - tvo~,~),vo~mJ 

Val= = 0 oooft <==== lnrbal volume of H2 in Headspace 3 

0 f 
0 

Input Ammonia Loncentration 

Input Methane Concentration 

End of Inuut Sechon - 
Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = tv01 - flow t - tvol,, hvol(1m) = 525 3261%~ 

Wetted area of full DCRT (hornontal onentation) (ftz) + z d L =  1084ft' [Eqn 81 

Wetted area of vertically oriented DCRT (ft2) 

flow t + tv0lmt 2 4 (flow t + tvolmt) z(;y ]=+I + d [.($y+zd 
(;)* 4 (flow t + tv01,J 

Awet(t) = z - + 
d 

Wetted area of full DCRT (vertical onentation) (ft2) Awet(1un) = 767 048fi' 

Awet(0 hr) = 176715fiz 

Awet(1 hr) = 185 270ft' 

Check the answers 

Awet(lun) = 767 048ft2 

Case 3-Worst Case H2SX-I05 & 23-107 
dissolved H2 and SX-102 NH3 to 244 S-hf mcd 
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/ I 

Average charactenzations for NO3, NO,, AI, TOC (molar, molar, molar, 
gramsfliter) 

-- - 3 228 
Al TOC - = 1630 -- - 3  loo NO2 -- - 2 660 

No, 

(E) (E) (E) (E) 
Definition of the hydrogen produchon by corrosion (f@ per day) 

Hb(t) = & Awet(t) 22 4 - [ [( ::) (273;s K)]] 

C = R ,  ( 2 2 4 -  ::) (2731s K) 

Hh(t) = (Awe@) C) 

Maxlmum hydrogen production rate from corrosion (f@ per day) 

Definition of the hydrogen radiolysis G factor (molecules hydrogen per 100 ew) and the 
hydrogen production by radiolysis (ft3 per day) 

Default water radiolysis value for saturated salts waste 

sp% = P  Add unlts back into definlbon of densw 

Redefine FOCI as weight percent kg TOC = 0003 - 
her 

[TOC] = - loo 
Pltq 

[ TOC] = 0 220 

Case 3-Worst Case H2-SX-105 & S-107 
dissolved H2 and SX 102 "3 to 2 4 4 4  hf mcd 

E - 7  Process Engineering 
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A u t h o r & - ( .  ~ o L  Date 1/25/06 Checked by Date </!!L,/& 

Al=1630- mw, = 26 9815 - gm 
mole 
llter mole 

Redefine [AI] as weight percent 

Al mwa 

Pltq 
[All = 100 gm mwNo, = (14 0067 + 2 15 9994) - 

mole 

[AI] = 2 996 mwNo3 = (14 0067 + 3 15 9994) - gm 
mole 

mole Change of nomenclature 

llter 

mole N03=2660- [NO,] =NO3 Change of nomenclature 
llter 

waste pow^ = 1 812 x 10- 3 - watt 

NO, = 3 100- [NO21 = No, 

Convertwastepower (E) to Heat Load (z) 
llter llter 

wastepower 

Plq 
%ad 

r 1 11 Reference (Hu 1999) 

g-mol 
6 02 loz molecules 

E = (GHZO + G& (fiord flow) 

E - 8  
Case 3-Worst Case H2-SX-105 8, S-107 
dissolved H2 and SX-102 NH3 to 244 S-hf mcd 

IEqn 17, 
Eqn 17bj 

Process Engineering 
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1 Author &e %!&e-.-, Date /,/a?/.. Checked by 
1 

H,d(t) = (E t F + E- F) 

Maximum hydrogen production rate from radiolysis (fp per day) 

Definition of the hydrogen production by chemical reaction (ft3 per day) Reference (Hu 1999)Eqn 191 

G = k,i,,,, [ TOC] E1, - ([All)' exp( s] flow 

Hkh(t) = (G F t + G- F) 

Maximum hydrogen production rate from chemical reaction (ft3 per day) 

Maximum total hydrogen production rate (ft3 per day) 
sum = Mlm) 

Sum -- - 1609 

E - 9  
Case 3 Worst Case H2 SX-105 & S-107 
dissolved H2 and SX-102 "3 to 244s hf mcd 
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rY 

Determine the relative amounts of hydrogen produced by each mechanism in percent 

Corrosion = 100 (Awet(lun) C Sum-') 

Rdolysts = 100 (E lun F + E- F) Sum-' 

Corrosion = 10 502 

Radlolysls = 3 452 

IEqn 251 

[Eqn 261 

IEqn 2il 

[Eqn 281 

Chermcal = 100 (GF Inn + 0-F) Sum-' 

Total = 100 Sum Sum-' 

Chmcal= 86 046 

Total = 100 000 

Prepare equations for solution of ordinary differential equation 

Accumulation = Input - Output 

Accumulation ==> - = w 

Input 

W 

dt 

==> H2 released by salt well pumping + H2 generated 
==> @sol + Mt) = mt gsol + (HZrr(t) + HZRd(t) + 

==> gr,, + (Awet(t) C + E t F +E&F+ G F  t + G-F) 

==> H2 vented based on generation rate + vent rate + volume reduchon Output 
volrn 

(grtot(t) + w +flow) - 
hvol(t) 

==> 

volm 
==> [grWl + (Awet(t) + E t  F + E-F + G F  t + G,,F) + w +  flow] 

(lvol - flow t - tvolmt) 

Solve (I e , find VOIH~ = f(t) ) the follovvlng Inma1 walue problem 

vol - [grt - (gr, + vrd(vol~2Jhvol~] = 0 where 

vol,, IS the volume of 4 (e in the DCRT headspace at time t 
vol Ha = d(vol,&/dt, the rate of change of the hydrogen volume in the tank headspace (@/day), 
gr, (H2 generation rate (fWday)) vr, (DCRT ventilation rate (fWday)) and hvol, (DCRT 
headspace volume(fF)) are known funchons o f t  
and the inlbal condaon is voIHa (0 days) = 0 

Case 3-Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 

E-IO Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Initial condition of the ODE ft3 of hydrogen in the tank headspace at time 0 (Set in input section) 

vo~, = o 000fi3 
0 

Definition of y' from differential equation 

mput(t) = [gr,, + [(Awet(t)) C + E t F + E- F + G F t + Gd F]] 

1 gr,, + [(Awet(t)) C + E t  F + E-F + G F  t + G-F]] + (vr + flow) 
hvol(t) 

0 

[[ outpu@) = 

D(t,vol,) = mput(t) - output(t) vel, 

lm npomts = - 
hr 

tl = o  
lun a=- 
sec 

,tl,t2,npomts D 1 vol, 

1 = 1 npomts 

vol', = lnput(tJ - OUtpUt(f) volm 

Case 3-Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 244 S-hf mcd 

evaluabon points within the evaluabon interval 

beginning of bme interval 

end of bme interval 

Z contains the values of VOIHZ calculated at the evaluabon 

method for ordinary differential equabons expressed as 
an n column matnx [where n = order of the ordinary 
differenbal equabon + 1 (2 in this case yelding t 8 v0IH2 
)I 

points by the 4th Order Runge-Kutta approxlmabon [Eqn 321 

[Eqn 33, Eqn 341 

Definibon of v o l ~ a  in terms o f t  and VOIH~ as defined IEqn 351 
by the differenbal equabon 

E - I 1  Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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DCRT Headsoace Volume vs Tnne 

2500 I I I I I 

hours 
wee DCRT headspace volume (M) 

balm 
W Miday hydrogen mtlow to headspace 
OQO Mlday hydrogen exhausted from headspace 

Case 3-Worst Case H2SX-I05 & S-107 
dissolved H2 and SX-I02 "3 to 244 S-hf mcd 

E - I 2  Process Engineering 
CH2M HILL 
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(K3 Wday) hydrogen m headspace 
6 

4 

2 

0 

-2 

-4 

hours 
%X-X headspace hydrogen mventory (A3) 
OQO change m headspace hydrogen mventory (Wday) 

h a w  
%X-X headspace hydrogen concentratm (%) 

Case 3 Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 244-S hf mcd 

E-13 Process Enaineenna 
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~ I A u t h o r S P ,  %~.QQ.,--O- Date / 2 6  /oo Checked by Date 

lUn 
I =0,8 - 

hr 
Display tabulated results for first 24 hours of DCRT fdl time 

H2 Concentrabon H2 Concentrabon wolume of liquid 
in Headspace in Headspace in tank at bme 

Rate of H2 wolume 
Hz volume in Increase in h e  

(hours) Headspace Headspace (fi3/daY) (volume %) (% LFL) (fi9 ______ - 
volt,, 

8 000 

” 40 000 

“ 64 000 H -0 052 

volw .- 

E - I 4  
Case 3 Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 NH3 to 2444 hf mcd 

volm 
100 - 

hvol(t,) 
rn 

12 853 

100 
4 

- =  
flow 4 + molmt - - 

770 000 

I 283 103 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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DCRT headspace hydrogen concentration when the maximum fill level is first achieved 
tune=34000hr 

100 volybm) 
[Eqn 361 %H21m = 0 234 volume % hydrogen %H~I, = 

hvol(tune) 

%L&, = 5 855 "ly?) 100 
hvol(tune) 7 %LFL,,,,, = 100 

Ultimate (steady-state) DCRT headspace hydrogen concentration 

%H& = 0 672 

% LFL based on hydrogen [Eqn 371 

volume % hydrogeh IEqn 381 

%LEs = 16 812 % LFL based on hydrogen [Eqn 391 100 %LEs = %Hk - 
4 

Tank Headspace wolume @ tune = 34 ooohr 

hvol(tune) = 1648fi3 

Hydrogen generation rate 

fi3 

hY 
@-,(tune) = 0 812- 

Barometnc Breathing Rate 

vent, =- Oo4' hvol(hme) 
hY 

tune 
t l  =- 

hr 

it3 
V~XI&~ = 0 309- 

hr 

Determine if Steady-State concentration or concentration at  kid of pumping is limiting 
(flag = 0 pumping concentrabon limlhng 
flag = 1 steady-state limlted) flagh = 1 

Hydrogen concentration at  loss of ventllation (greater of "end of pumping" or "final steady-state") 

Hz_ltllt = 0 672484 % 

Final H2 Concentration to meet 25% ("3 and CH4 included) 

Hz-25% = flagl, = 0,O 0004 "3 - cH, ) , 0 0004 (25 - %Lzm)] Hz-z5% = -1 886% 4 % L E m  %LFLm4 

E - I 5  
Case 3 Worst Case H2SX-105 & SI07 
dissolved H2 and SX-102 "3 to 244 S-hf mcd 

Process Engineering 
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Final H2 Concentration to meet 50% ("3 and CH4 included) 

flagl,=0,00004 %LFLm "3 - %LFL, cH4 ),00004(50- %LTm)] H z 5 0 % = 4 8 8 6 %  - 

Final H2 Concentration to meet 100% ("3 and CH4 included) 

flagh = 0,O 0004 %LFLm "3 - %LFLm4 cH, ) OW04(100- %LTm)]H2 - loo%= 1114% 

Maximum %LFL with loss of ventilation 

Time to Reach 100% LFL with loss of ventilation 

templlm=9851day I -hvol(tune) & b e )  - ( & b e )  + ventbb) HZ-IOO% 
temp1100 = 

( & b e )  + vatbb) & b e )  - ( & b e )  + V a b b )  Hz-mt 

E - I 6  
Case $Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-IO2 "3 to 2444 hf mcd 
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PART 2 
Determination of Headspace Gas Concentration in a Horizontally Oriented DCRT 

Bepin Inihalizahon Sechon for Part 2 

tune 
tune = 34 OOOhr tl =- 

hr 

Hydrogen volume in headspace 

v012, = vol, 
0 11 

vol2, = 3 8600fi3 
0 

Input Rate at which DCRT fills (flow2) 

f l O W 2 = 4 0 0 0 -  gal 
m 

wolume of fill at start of phase 2 
tvol,,,,, = molmt + flow tune 

tvol,, = 1091 fi3 

Pumping time for phase 2 
Inn2 =tune2 

lun2 = 35 000 hr 

Input rate at which saltwell pumping introduces hydrogen to the DCRT (gr,,)(mole/liter & convert to f@hr 

flow, 
g r d Z  = gr*l- flow 

t t = o h r  lull2 

grwl2 -- 
(i?) - O 135 

End Inihahzahon Sechon for Part 2 

Case 3-WOrSt Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 
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Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(tune) = tvol - flow, tune - tvol,, hv012(lun2) = 525 3269 [Eqn 41 

Wetted area of vertically onented DCRT (ft2) 

flow, t + tvol,, 2 4 (flow2 t + tvol,,) 
d 

Awet(tt2) 
2 =*(;) + 4 (flow, tt2 + tvol,,) 

d 

Wetted area of full DCRT (vertical onentation) (ft2)Awet(W) = 767 0 4 8 2  

Awet(0 hr) = 467 603 2 
Awet( 1 hr) = 476 159 2 
Awet(lun2) = 767 0 4 8 2  

Checkthe answers 

Average charactenzations for NO3, NO,, AI, TOC (molar, molar, molar, gramsfliter) 

-3100 -- -1630 -- To' -3228 -2660 -- NO, No, 
mole mole mole 

-- 

Case 3-WOrSt Case H2-SX-105 8, S-107 
dissolved H2 and SX-IO2 "3 to 2444 hf mcd 

E-18 Process Engineering 
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Definition of the hydrogen production by corrosion (f@ per day) 

H&(t) = R- Awet(t) 22 4 - [ [( Lz) (27315 K)]] 

C=R,  ( 224- :z) (27315 K) 

H&(t) = (Awegt) C) 

Maximum hydrogen production rate from corrosion (ft3 per day) 

A3 

hY 
Hz,( 1 hr) = 0 1032 - 

Definition of the hydrogen radiolysis G factor (molecules hydrogen per 100 ew) and the hydrogen 
production by radiolysis (fP per day) 

r 1 - '1 [Eqn 131 

molecules 
100 eV 

Gmo = 0 005 

molecules 
100 eV 

Gorg = 0 049 

Hhd( t )  = (E t F + Emt F) 

E - I 9  

[Eqn 17 
Eqn 17b] 

Case 3-Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 244 S-hf mcd 
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A u t h o r A  p 

Maxlmum hydrogen production rate from radiolysis (ft3 per day) 

= 0 0555 HZnd(lun2) 

(2) = 0 029 
HZrad(2 hr) 

(2) 
Definition of the hydrogen production by chemical reaction (ft3 per day) Reference (Hu 1999) [Eqn 191 

Hah(t) = (GF t + G- F) 

Maximum hydrogen production rate from chemical reaction (ft3 per day) 

Total hydrogen generation rate (ft3 per day) 

w(t)  = Hzer(t) + HZnd(t) + H d t )  

w(t)  = Hzc,(t) + HZnd(t) + Hz& 

Maximum total hydrogen production rate (ft3 per day) 

sum = w(llm2) 

Sum -- - 1609 

A3 &I&) = 0 067 - 
hr 

E-20 
Case 3-Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 
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Determine the relative amounts of hydrogen produced by each mechanism in percent 

Corrosion = 100 (Awet(llm2) C Sum-') Corrosion = 10 502 

Racllolysm = 100 (E lun2 F + Emt F) Sum-' 

Chermcal = 100 (G F lun2 + G- F) Sum-' 

Total = 100 Sum Sum-' 

Radiolysis = 3 452 

Chermcal= 86 046 

Total = 100 000 

Prepare equabons for solubon of ordinary differenbal equabon 

Accumulabon = Input - Output 

Accumulation ==> - = w W 

dt 

==> H2 released by salt well pumpinq + H2 generated 
==> grmn + Bru(t) = grtot = grm12 + ( H d t )  + H2nd(t) + Ha&)) 
==> grWn + (Awet(t) C + E t  F + E-F + G F  t + G-F) 

==> H2 vented based on generabon rate + vent rate + volume reducbon 

Input 

Output 
vol2, 

==> (@tot@) + M + flOW2) - 
hvol2(t) 

VOl2, 
==> [grml2 + (Awet(t) + E t  F + E-F + G F  t + G-F) + VT + flow2] 

(tvol - flow, t - tvolmtz) 

Solve ( I e find VOI,, = f(t) ) the follovvlng lnibal walue problem 

vol - brt - (grt + vrJ(volH~volJ] = 0 where 

vol,, is the volume of % (e in the DCRT headspace at bme t 
vel',,, = d(vol,$dt the rate of change of the hydrogen volume in the tank headspace (*/day) 
grt (H2 generabon rate (RVday)) vrt (DCRT venblabon rate @/day)) and hvolt (DCRT 
headspace volume(ft3)) are known funcbons oft, 
and the mibal condibon is VOI,, (0 days) = 0 

Case 3 Worst Case H2SX-105 8.5107 
dissolved H2 and SX 102 "3 to 244 S-hf mcd 

E - 2 1  Process Engineenng 
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Initial condition of the ODE ft3 of hydrogen in the tank headspace at time 0 (Set in input section) 
3 ~ 0 1 2 ~ 2  = 3 8600ft 

0 

Definition of y' from differential equation 

mpUt(t) = [ gmn + [(AWet(t)) C + E t F + E m  F + G F t + GmW F]] 

1 grmn + [(Awet(t)) C + E t F + Em F + G F t + G,, F]] + (vr + flowz) 

hvolZ(t) 
output@) = 

D(t,volZ) = mput(t) - output(t) ~ 0 1 2 ~  

npomts = mundo(+ 5) 
tl = 0 beginning of bme intewal 

0 

evaluabon points Whin the evaluabon interval 

t2 = - lun2 end of bme interval 
sec 

2 contains the values of ~ 0 1 ~ 2  calculated at the evaluabon 

method for ordinary differenbal equabons, expressed as 
an n column matnx [where n = order of the ordinary 
differenbal equabon + 1 (2 in this case yelding t 8 volHZ 
) I  

points by the 4th Order Runge-Kutta approxlmabon [Eqn 321 
,tl,tZ,npomts,D 1 z =rkhd[T vo12m 

1 = 1 npomts 

[Eqn 33 Eqn 341 

VO12;., = mput(t,) - output(t,) vo12pJ2 Definmon of V O I H ~  in terms o f t  and VOIH~ as defined IEqn 351 
' by the differenbal equabon 

Case 3 Worst Case H2 SX-105 8 S-107 
dissolved H2 and SX-I02 "3 to 2444 hf mcd 
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/- 

5 10 15 20 25 30 
hours 

x-x-s DCRT headspace volume (tu) 

DCRT H2 Inflow and Oufflow Rates vs Tune 

horn 
XX-M tu/day hydrogen &ow to headspace 
080 tu/day hydrogen exhausted 60m headspace 

E - 2 3  
Case 3-Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 
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(K3 Wday) hydrogen m headspace 
6 

4 

2 

0 

-2 

0 5 IO 15 20 25 30 
-4 

how 
%-we headspace hydrogen mventory (rU) 

change m headspace hydrogen mventory (Wday) 

% hydrogen m headspace 

0 8 8  

hours 
%-we headspace hydrogen concentration (%) 

Case 3 Worst Case H2 SX-105 & S-107 
dissolved H2 and SX-102 "3 to 2444 hf mcd 
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llm2 
1 =0,1 - 

hr 
Display tabulated results for first 24 hours of DCRT fill time 

bme 
(hours) 

Concentrabon H2 Concentrabon Rate of Hz wolume 

in Headspace in Headspace H2volume in Increase in 
Headspace (ftq Headspace (R3/day) (volume %) (% LFL) 

wolume of liquid 
in tank at bme 
(ft? 

VOD, 
-= 

4 233 

4 529 

4 737 

Case 3-Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 244s hf mcd 

VOl2, 

E-25 

VOl2, 
100 - =  

hvol2(t,) 4 
, 100 

rn 

9 151 

H 10 148 

flow, t, + tvol,, - - 

I 412 103 
I 444 103 
I 476 103 
I 508 103 
I 540 103 
I 572 103 
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/ 

DCRT headspace hydrogen concentration when the maximum fill level is first achieved (end of step 2) 
llm2 = 35000hr tune2 = 35 OOOhr lun = 69000hr 

100 V012H4+ I> 
%H,I, = %HZl, = 0 809 volume % hydrogen 

hvo12(tune2) 

%LFz,, = 20 221 % LFL based on hydrogen 
vo12y*b-l) - 100 

%LFLl, = 100 
hvo12(tune2) 4 

Ultimate (steady-state) DCRT headspace hydrogen concentration 

%HbZ = 1 323 volume % hydrogen 

%LFL& = 33 072 % LFL based on hydrogen [Eqn 391 
100 %LFLd = % H m  - 
4 

Tank Headspace wolume 

hvoL?(hm2) = 525ft3 
Hydrogen generation rate 

fi3 

day 
gry(llm2) = 1 609 - 

Barometnc Breathing Rate 

Venkb =- 0045 hv012(1m2) 
h Y  

llm2 
tl  =- 

hr 

fi3 venkb = 0 098 - 
hr 

Determine if Steady-State concentration or concentration at end of pumping is limiting 

flag,, = 1 (flag = 0 pumpng concentrabon Itmlbng, 
flag = 1, steady-state Iimlted) 

Hydrogen concentration at  loss of ventilation (greater of "end of pumping" or "final steady-state") 

Hz_lllt = 1 322863 % 

Final H2 Concentration to meet 25% ("3 and CH4 included) 

Case 3 Worst Case H2SX-105 & S I 0 7  
dissolved H2 and SX-IO2 "3 to 244-S-hf mcd 
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I 

Final H2 Concentration to meet 50% ("3 and CH4 included) 

flagl,,,, = 0,O 0004 "3 - cH4 ) ,O 0004 (50 - %LTm)] H2-sosc = -0 886 % 
%LFLm %LE, 

Final H2 Concentration to meet 100% ("3 and CH4 included) 

flag,, = 0,O 0004 %LFz"3 "3 - %LE, cH, ),00004(IOO- %zm)]H2-l0o%= 1114% 

Maximum %LFL with loss of ventilation 

temp225 = -10412day 

Time to Reach 50% LFL with loss of ventilation 

temp2so = -7 254day 

Tun% 5 0 y ~ ; n  = 0 OOOday - 

1 M M )  - (MW) + venhb) H2-50/. 

(&Id) vmtbb) &lUn2) - (&llm2) + vmtbb) H2-uut .[ -hvol2( lun2) 
temp250 = 

Tun% ~ O K L ~ Z  = 4 L k t  - bhg> 50??,1f(temp250 < 0 day,0 day,temp250),999999999 day) 

Time to Reach 100% LFL with loss of ventilation 

1 -hvol2(M) @%Iun2) - (Srr(l&) + ventbb) H2-100./ 

(@%Id) + ventbb) &ld) - (&m) ventbb) H2-,,,,t 
temp2100 = 

E-27 
Case 3-WOEt Case H2 SX-105 8 SI07  
dissolved H2 and SX-102 "3 to 244 S hf mcd 
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SUMMARY DCRT 244-S Calculabons based on worst case hydrogen tank 241-SX-105 and 
S-I 07 dissolved hydrogen CASE 3 

-the inhal condhon of the tank is 0% full 
- thls model calulates the remainder unbl filled to 80% full wth 
pumping rate of 4 gpm (Venblabon rate of 5 cfh) Includes ammonia 
from SX-102 and methane from S-I07 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate w=5000- Nltrate Concentrabon N03=2660- 
hr llter 

mole 
Nltnte Concentrabon N02=3100- 

fi3 

Saltwell Waste S p e d c  Gravlty p = 1 468 

Radiolybc Power of Waste wastep~wt~= 1218- Ib llter 

mole ft sec’ 
Aluminum Concentrabon AI = 1630- 

Inhal DCRT H2 lnventoty volm = o000ft3 llter 
0 

gm TOC Concentrabon TOC=3228- 
llter 

H2 lnventoty Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = ”no” 

con%m = 0 000 %LFL 

T = 348 150K 

- 
Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 72 15O%Lnm 

CH, = 1 890%Ln, 

Penod 1 

lnhal Flow Rate gal flow = 4 000- 
mm 

Time Pumped at lnltal Flow Rate tune = 34 OOOhr 

4 mole fV01, Hydrogen Carryover Rate grwi-,,,oi, = 1 471 x 10- - lnhal Fill Factor - = 0 000% 
llter tvol 

fi3 or gm,=o135- 
hr 

Penod 2 

gal Second Flow Rate flow, = 4 000- 
mm 

fi3 Hydrogen Carryover Rate’ gwE = 0 135 - 
hr 

E-28 
Case 3 Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 “3 to 2444 hf mcd 

~~~ 

Time pumped at Second flow rate lun2 = 35 ooohr 

fVOlUUU Inhal Fill Factor - - - 39825% 
tvol 

Process Engineering 
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OUTPUT SUMMARY 
Penod 1 

M a l  Flow Rate gal flow = 4 000- 
m 

Time Pumped at lnital Flow Rate tune = 34 OOOhr 

- 0000% Final Fill Factor E = 39 825% hNnlt heal  Fill Factor - - 
w01 

Inha1 Fill Volume tvol, = 0 gal Final Fill Volume & =  8160gaI 

M a l  H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 5 855 % Final Flammable Gas Concentrabon (%LFL) ffgc = 79 895 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 88 962% 

Penod 2 

Second Flow Rate flow, = 4 OOO- gal Time pumped at Second Flow Rate lun2 = 35 OOOhr 
m 

tvolmtz - - - 39 825 % 
tvol 

lnlbal Fill Factor Final Fill Factor = 80 821 % 

Inlbal Fill Volume wool,, = 8160gal Final Fill Volume f i 2  = 16560gal 

M a l  H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFLwth Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

lh2c2 = 5 855% 

fhzc2 = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 94 261 % 

uhfgc2 = 105 222% 

LF'L,-hh,= 1 023 x lo3% 

Tme, 25./.Ln = 0 OOOday - 
Tme, soom = 0 000 day 

Tun% = 0 OOOday 
- 
- 

E-29 
Case 3-Worst Case H2 SX-105 8 S I 0 7  
dissolved H2 and SX-IO2 "3 to 244 S-hf mcd 
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I 

’ Determination of Headspace Gas SA Barker 

Concentration in a Horizontally Oriented DCRT... 
h u t  Data 
Input diameter of DCRT (d) DCRT 244-U Calculabons based on worst case hydrogen generabon and ammonia tank 

241-U-103 and worst case dissolved hydrogen and methane 241-U-106 
-the initial condhon of the tank is 0% full 
-this model calulates the remainder unbl fill is hlt at 80% full wlth 

CASE 3 

&X!@ 
Input length of DCRT (L) pumping rate initially of 4 gpm to 40% full 

-immediate change in pumping rate of 4 gpm wth no chance to come 
to steady state H2 concentraion 

- m4%! 
Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

flow -- - 32 083 - 3  3 1 flow=8912x 10 fl s e ~  

Higher Input flow rate \hl 

-3 3 1 flow, -- , . -32083 flow, = 8 912 x 10 A seo 

Calculate total DCRT volume (tvol) 

(Reference HNF-SD-WM-CN-I 18) 

Volume of fiil at start of pumping . -  

tv0i,,, = o 0 0 0 ~ ~  

Time at start of pumping rate 2 (MUST be an INTEGER) 

Time at pumping rate 2 

Volume of fill at start of pumping rate 2 
tvol, = tvol, + tme flow 

Case 3-WOrSt Case H28NH3-U-103 8 U 106 
dissolved H2 & CH4 to 244-U-hf mcd 

mol2 = 1668f13 

E-30  Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



RPP 4941 Rev 0 Appendix E 

Author& e %dm---- Date //2.5/00 Checked by \ a Date !I&Q 

Calculate hours of fill time for the DCRT (t) 
~~~~ Input percentage of tank fill 

tvol - tvolmt flow- 
> I  

%fill 
W%Il = (G tunefill = 103 381 hr 

mmtma(x) = x - floor(x) 

Rounding Offat the H a h a y  Point 

Rounding Off at Arbitrary P oint 

roundoff(x) = f(rnmbssa(x) < 0 S,flwr(x),ce~I(x)) 

RoundOff(x, t) = f(mmtwa(x) < t,flwr(x),ced(x)) 

lun = rouudoE(W~ll hr-') hr I n =  103000hr 

'Time to fill IS rounded to allow use as 
an integer counter Roundoff funcbons 
are not built-in Mathcad funcbons 

I l m =  24103hr I f I lm>241O3hr J 
A bme limlt greater than 2400 hrs creates very large arrays and the solver 
equabon becomes very slow The solver cannot handle array sizes greater 
than -1,000 000 

Ilm otllerwlse I 
t = O h r  Ilm 

Input DCRT waste temperature (K) 

T = 304 250 K (Reference ) 

Input rate at which saltwell pumping introduces hydrogen to the DCRT (grml ,,,,,~ar)(molditer) & 
convert to ft3hr 

(Reference ) Input DCRT ventilation rate (vr) 

\hl Input saltwell waste specific gravity (r) 
(Reference ) 

Input saltwell waste nitrate concentration (molar) 

(Reference ) 

Input saltwell waste nitnte concentration (molar) 

(Reference ) 

E-31 
Case 3 Worst Case H2&NH3-U-103 B U-106 
dissolved H2 8 CH4 to 244-U-hf mcd 
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Inuut saltwell waste aluminum concentrations (molar) 

(Reference ) 

Input saltwell waste TOC concentrations (grams carbon per liter) 

(Reference ) 

Input radiolytic power from waste (CdmL) and then calculate DCRT radiolytic 
power (power generation per cubic foot of waste) 

decays = 1 

CI = 3 7  10 lo - decays 

define decays as a unlt of measure 

define Cunes (Ci) as a unlt of measure in decaydsec 

Conversion based on 137Cs - 137Ba pair 
Ref Kirkpatnck T D and Brown, R C , 
1984. Basis and Values for Specific 
AcMy  and Decay Heat Generabon Rates 

IEqn 51 

6 BTU ~ a s t e p 0 ~ a = 7 5 1 9 ~  10- - 
hrmL 

for Selected Radionuclides, 
RHO-SD-RE-TI-131, Rockwell Hanford 
Operabons Richland Washington 

Input source of waste, DST or SST 
Tank type must be in quotes 

Constants and other input for H, generation by radiolysis 
Hu, T A, 1999, Empincal Rate Equabon Model of Hydrogen Generabon for Hanford Tank Waste, HNF-3851, 

Rev 0, Lockheed Marbn Hanford Inc , Richland Washington 

Pre-exponential factor of G in organic radiolysis (Hu 1999 - eqn 4-16) 

Acbvabon energy of G in organic radiolysis (Hu 1999 - eqn 4-16) 

Weight fracbon liquid in matenal 

&-& = 0 4 If td-type = “SST” R e a m  coefficient of TOC (0 7 for DSTs 0 4 for SSts) 
(Hu 1999- eqn 4-16) I 0 7  othmse 

Constants and other input for H2 generation by chemical reaction 

Rev 0 Lockheed Marbn Hanford Inc Richland, Washington 
Hu T A 1999 Empincal Rate Equabon Model of Hydrogen Generabon for Hanford Tank Waste, HNF-3851 

Case 3 Worst Case H28NH3-U-103 8 U-106 
dissolved H2 8 CH4 to 244-U hf mcd 
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R,= 

Thermolysis pre-exponenbal factor (Hu, 1999 - eqn 4-8) 

rt3 mole 
$- 224likr 

If tank_type = "SST" eference 6 OE-08 for DSTs and 1 2E-07 for SSTs 
*/min/ftq (Hu 1999) 

i 2 1 0 - ~ -  

Acbvabon energy of Hz generation (Hu 1999 - eqn 4-8) 

&,-h = 0 4 If tank_type = "SST" 
0 7  othenvlse 

FOCI efficiency coefficient, 0 70 for DSTs 0 40 
for SSTs (Hu, 1999 - eqn 4-8) 

I 
€$,,--w = 0 400 

Define unit rate of corrosion hydrogen production (R) 

fi3 mole 6 0 lo-* - OtherWlSe 
$- 224hter 

fi3 mole 
$- 224hter 

I 
R,= 1 2 0 0 ~  lo-'- 

Initial condition of the ODE ft3 of hydrogen in the tank headspace at time t-0 

(Reference ) 

If there is a combustion gas moniter (cgm) measurement, calculate the H, concentration 

<--- --- User inputs "yes" or "no" to indicate if a cgm measurement is available 

(Reference ) 

Adjust H2 cgm reading for minimum detection limit (1220 ppm ( 3%LFL) combustable gas per 
WHC-SD-WM-TRP-256) 

-cLFL-ofl = lf(mn%m-opo < 3 %LK 1220 PPm,concLFL-cpo) conqm-cfl = 1 220 x ld ppm 

Calculation H2 concentration in the dome space based on the CGM measurement 

conqn-op = 3 000 %LK, con* cp = 1200 ppm - 

Case 3-Worst Case H28NH3-U-103 & U-106 
dissolved H2 8 CH4 to 244 U-hf mcd 
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volm = %flagcp = yes", 

volm = 0 oOOfi3 

(mol - tvolmt) ,v01~]  
0 0 

<==== Inrbal volume of H2 in Headspace 
0 

Input Ammonia Concentration 

Input Methane Concentration 

End of InDut Sechon 

Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = mol - flow t - tvol, hvol(1un) = 841 417rt3 

Wetted area of full DCRT (hormontal orientation) (ftz) +xdL=1546ft2 [Eqn 81 

Wetted area of honzontally onented DCRT (ft2) 

[Eqn Ql Vol = flow tune + tvol, = L (a - sm(a) cos(a)) Reference Perry's Chemical Engineers 
Handbook 5th Ed 
(a = 0 S t h e  overall angle) 

mgle = 2 roo a - sm(a) cos(a) - The Mathcad Ver 6 0 formula to solve for the angle 

IEqn Qbl 

[Eqn 101 

calculate the wetted 
surface (modified for 
inrbal cond&on) 

Set the inrbal value for a 

I 
a =Odeg 

- sm(a) cos(a) - 

E-34 
Case 3-Worst Case H2BNH3-U-103 & U 106 
dissolved H2 & CH4 to 244 U hf mcd 
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Awet(0 hr) = 0 Ooofi’ 

Awet(1 hr) = 144 SOSfi’ 

Check the answers 

Awet(1un) = 1 096 x 103fi2 

Average charactenzations for NO,, NO,, AI, TOC (molar, molar, molar, 
gramsfinter) 

-3020 -- -1200 -- To‘ - 12781 No, 3 180 -- No, -= 
mole mole 

Definition of the hydrogen production by corrosion (fP per day) 

Hk(t) = %, [ Awet(t) [( 22 4 - iz) (273:s K)]] 

C = b  ( 224- ::)(273:5K) 

Hk(t) = (Awe@) C) 

Maxlmum hydrogen production rate from corrosion (f@ per day) 

fi3 
hY 

H h (  1 hr) 0 0111 - 

Definition of the hydrogen radiolysis G factor (molecules hydrogen per 100 ev) and the 
hydrogen production by radiolysis (ft3 per day) 

Default water radiolysis value for saturated salts waste 

Add u n k  back into definhon of denslty 
sp_g = P  

Redefine FOCI as weight percent kg TOC = 0 013 - 
llter 

[TOC] = - 100 
Phq 

[ TOC] = 0 906 

Case 3-WOrSt Case H28NH3-U 103 & U-106 
dissolved H2 & CH4 to 244-U-hf mcd 
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AI=l200-  mw, = 26 9815 - gm mole 
llter mole 

Redefine [AI] as weight percent 

Al mw, 

Phq 
[AI = 100 

[AI] = 2 296 

mole 
NO, = 3 020- 

llter [NO,] = NO, 

mole NO3 = 3 180- 
hter [NO,] = NO3 

3 watt wastepower= 2203 x 10- - 
llter 

Change of nomenclature 

Change of nomenclature 

Convert wastepower (E) to Heat Load (F) 
llter 

molecules 
100 eV 

Gw = 0 022 

s-mol 
6 02 IOz molecules 

E = (GH20 + G& (Hlord flow) 

(6 02 1x;lecules)  
%mt = (GH20 + G& (Hload ~ 0 4 N t )  

F = Phq L'SIv-h, 

E-36 
Case 3 Worst Case H2BNH3-U-103 & U-106 
dissolved H2 & CH4 to 244-U-hf mcd 

IEqn 17, 
Eqn 17bj 
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Hw(t)  = E t F + E @ F  

Maxlmum hydrogen production rate from radiolysis (f@ per day) 

= 4 304 x 
HZnd(l h, 

($1 
Definition of the hydrogen production by chemical reaction (ft3 per day) Reference (Hu 1999)tEqn 191 

Gw = ku, w 1  Et,-h ( r m o 4  -(s) tvolmt [Eqn 2Oa] 

Hu(t) = G F  t + G-tF tEqn 211 

Maximum hydrogen production rate from chemical reaction (ft3 per day) 

HZch(lm) ($1 =oo749 

Total hydrogen generation rate (ft3 per day) 

Brv(O Y d t )  + + 

Brv(t) = H d t )  + + H d t )  d l u n )  = 0 3302 day-' 

Maximum total hydrogen production rate (ft3 per day) 
sum =Mh) 

SUm -- - 0 330 ($1 
Case 3-Worst Case H2BNH3-U-103 B U-106 
dissolved H2 8 CH4 to 2444 hf mcd 
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Determine the relative amounts of hydrogen produced by each mechanism in percent 

Corrosion = 100 (Awet(1un) C Sum-’) 

R&oIysis = 100 (E Iun F + Emt F) Sum-’ 

Chermoal = 100 (G F Iun + G- F) Sum-’ 

Total = 100 Sum Sum-’ 

Corrosion = 63 905 

R~~IOIYSIS = 13 425 

Chermcal= 22 670 

Total = 100 000 

Prepare equabons for solubon of ordinary differential equabon 

Accumulabon = Input - Output 

dVolm 
dt 

Accumulabon ==> - = VOI 

Input ==z H2 released by salt well pumping + H2 generated 
==’ PSI + @‘“kt) mt = + (HZcr(t) + HZnd(t) + HW(t)) 

==> gr,,+ (Awet(t) C + E t F + E W t F +  G F  t + G-F) 

==> H2 vented based on generabon rate + vent rate + volume reducbon Output 
VOIm 

(grtot(t) + vr + flow) - 
hvoI(t) 

==> 

-- VOIm 
--> [gr,’ + (Awet(t) + E t  F +E-F + G F  t + GconatF) + vr + flow] 

(tvol - flow t - tvolmt) 

Solve ( I e , find VOIH~ = f(t) ) the followng Inhal Value problem 

vol Ha - Qrt - (gr, + vr~(volHflvolJ] = 0 

vol,, is the volume of 
vol Ha = d(vol,d/dt, the rate of change of the hydrogen volume in the tank headspace (@/day) 
gr, (H2 generabon rate (ftslday)) vrt (DCRT venblabon rate (fWday)) and hvol, (DCRT 
headspace volume(ft9) are known funcbons of t, 
and the mhal condhon is VOIH~ (0 days) = 0 

where 

(rr) in the DCRT headspace at bme t 

Case 3-Worst Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 2444 hf mcd 

E 38 Process Engineenng 
CH2M HILL 

Mathcad V2000t 



' Author & e-' n((m Date + $/6 o Checked by ?djL D a t e w  

RPP 4941 Rev 0 Appendix E 

4 

Initial condition of the ODE ft3 of hydrogen in the tank headspace at time 0 (Set in input section) 
3 vol, = 0 ooofi 

0 

Definition of y' from differential equation 

mpUt(t) = [ grmi + [(AW&(t)) C + E t F + E- F + G F t + G- F]] 

output@) = 

D(t,volw) = mput(t) - output(t) vol, 

lun npomts = - 
hr 

I grml+[(Awet(t)) C + E t  F +E-F+ GF t + G-F]] + (vr+ flow) 

hvol(t) 

0 

[' 
evaluation points Whin the evaluabon interval 

t l  = o  
lull t2 =- 
see 

Z =r!dxed 

1 = 1 npomts 

01, 

fi3 
-,tl,t2,npomts,I 

t, = [Z((O))], sec vol, - - [ z ((I))] fi3 

vol',, = mput(t,) - output(4) vol, 

Case 3 Wont Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-hf mcd 

beginning of bme interval 

end of bme interval 

2 contains the values of voIH2 calculated at the evaluation 

method for ordinary differenbal equabons expressed as 
an n column matnx [where n = order of the ordinary 
differential equabon + 1 (2 in this case yielding t & voIH2 

points by the 4th Order Runge-Kutta apprommabon [Eqn 321 

) I  

[Eqn 33 Eqn 341 

Definlbon of V O I H ~  in terms o f t  and volHn as defined [Eqn 351 
by the differenbal equabon 

E-39 Process Engineenng 
CH2M HILL 

Mathcad V2000t 



RPP-4941 Rev 0 Appendix E 

Author &e s $ k ,  Date -/,/.25166 Checked by \ ,h ,% Date r\ 77/&& 

I 

DCRT Headspace Volume vs Tune 

houn 
3M-X DCRT headspace volume (fu) 

DCRT I42 M o w  and Outflow Rates vs Tune 

" 0  20 40 60 80 100 
h o w  

3M-X Wday hydrogen d o w  to headspace 
W fulday hydrogen exhausted from headspace 

Case 3 Worst Case H2&NH3 U-I03 & U-106 
dissolved H2 & CH4 to 2 4 4 4  hf mcd 

E - 4 0  

0 
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(A3 Wday) hydrogen m headspace 
2 

I S  

1 

o s  

0 

I I I I I I I I , "  I 
10 20 30 40 so 60 70 80 90 100 110 

hours 
we6 headspace hydrogen mventory (A3) 
OOo change m headspace hydrogen mventoq (rU/day) 

hours 
headspace hydrogen concentrafion (%) 

Case 3 Worst Case H2&NH3-U-103 & U 106 
dissolved H2 & CH4 to 244 U-hf rncd 

E - 4 1  

IO 
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Author & P Date /,/&?6/60 Checked by &b k/-A Date \!n3/,, 

lun 
1 =0,8 - 

hr 
Display tabulated results for first 24 hours of DCRT fill time 

HZ Concentrabon H2 Concentrabon Volume of liquid 
in Headspace in Headspace in tank at bme 

Rate of H~Volurne 
Hz volume in Increase in brne 

(hours) Headspace (fi3) Headspace ~ (R3/day) (volume %) (% LFL) (W - 

volm 

” 24 000 

80 000 

vol 
-= volm 

0 055 
0 067 
0 081 
0 097 
0 117 
0 140 

E-42 
Case %Worst Case H28NH3 U-103 8 U-106 
dissolved H2 & CH4 to 2444 hf mcd 

volm 
- 100 

4 
_ -  

flow t, + tvol, - - 

770 000 

2 567 103 
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DCRT headspace hydrogen concentration when the maximum fill level is first achieved 
tune = 52OOOhr 

100 vol 

%HZh = 0 050 %Hzl, = 7%) 
hvol(tune) 

%LFLl, = 1 245 vo17%) 100 %LFL,, = 100 
hvol(tune) 4 

volume % hydrogen [Eqn 361 

% LFL based on hydrogen [Eqn 371 

Ultimate (steady-state) DCRT headspace hydrogen concentration 

%Hh = 0 271 volume % hydrogen IEqn 381 

%E, = 6 769 % LFL based on hydrogen [Eqn 391 
100 %LE,, = %Hh - 
4 

Tank Headspace Volume @ tune = 52 ooohr 

hvol(tune) = 2478fi3 

Hydrogen generation rate 
fi3 

day 
&tune) = 0 195- 

Barometric Breathing Rate 

Ventbb =- Oo4' hvol(tune) 
day 

tune tl  =- 
hr 

fi3 ventbb = 0 465 - 
hr 

Determine if Steady-State concentration or concentration at end of pumping is limiting 
(flag = 0 pumping concentrahon l imhg 
flag = 1, steady-state Iimlted) flag,,,,, = tf(o/.Lnm < %LFL,,O, 1) flag,,,,, = 1 

Hydrogen concentration at loss of ventilation (greater of "end of pumping" or "final steady-state") 

volm 
1, %Hh 

hvol(t1 hr) ' -1 100 Hz-mt = flag,,,,, = 0,  4 Hz-,,,,~ = 0 270768 % 

Final H2 Concentration to meet 25% ("3 and CH4 included) 

flagl, = 0,O 0004 "3 - cH4 ),00004(2S- %Zm]] H225%=0406% - 
%LFL.m %Ln, 

Case 3-WOr~t Case H28NH3 U 103 B U-106 
dissolved H2 B CH4 to 244-U hf mcd 
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Checked by \\ Date I1 '2dOO Author.& e, Date 4/25/66 
/ u 

Final H2 Concentration to meet 50% ("3 and CH4 included) 

%LFLm - %E, cH, ),0 0004 (50 - %Zm)] Hz 50% = 1 406% 
"3 

- H2-50~ = f lagh = 0,O 0004 4 
Final H2 Concentration to meet 100% ("3 and CH4 included) 

Maximum %LFL with loss of ventilation 

Tunel-zssbLpL = t.f(LFLml-hhE> 25%,t.f(templp~ < 0 day,0 day,temp125),999999999 day) Tme1 25sb~m,= 21 346day - 

temp150 = 332 346day 

Case 3-Worst Case H2&NH3-U-103 8 U 106 
dissolved H2 & CH4 to 244-U-hf mcd 
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% 

Author & C Date- Checked by \‘h R\xh-c. 

PART 2 
Determination of Headspace Gas Concentration in a Horizontally Oriented DCRT 

Bemn Inihahzabon Secbon for Part 2 

tune 
tune = 52 OOOhr tl =- 

hr 

Hydrogen volume in headspace 

v012m = volm 
0 tl 

v012W = 1 2339rt3 
0 

Input Rate at which DCRT fills (flow2) 

Volume of fill at start of phase 2 
tv01,~ = tvol, + flow tune 

tvol,, = 1668 fi3 

Pumping time for phase 2 
lun2 =tune2 

Input rate at which saltwell pumping introduces hydrogen to the DCRT (grwl)(mole/liter & convert to 
W/hr 

flow, 
&or2 = grml - flow 

&0l2 -- [g) -oo26 

t t = o h r  lun2 

End Iniballzabon Secbon for Part 2 

Case %Worst Case H2&NH3 U 103 IL U-106 
dissolved H2 & CH4 to 2 4 4 4  hf mcd 
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Calculahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvolZ(tune) = tvol - flow, tune - tvol,, hvo12(lun2) = 809 333 fi3 

Wetted area of full DCRT (ft2) + n d L = 1 5 4 6 x 1 0 3 i ?  IEqn 81 

Wetted area of honzontally onented DCRT (ftz) 

[Eqn 91 
Vol = flow, tune + tvol,, = L - (a - SI&) cos(a)) Reference Perrys Chemical Engineers 

Handbook 5th Ed 
(a = 0 5" the overall angle) 

The Mathcad Ver 6 0 formula to solve for the angle 

(3" 
flow, n + tvolol,, 

- sm(a) cos(a) - 
[Eqn gbl 

a =Odeg Set the inhal value for a 

r r  a Awet(tt2) =L- 2 root 

Awet(0 hr) = 702 9802 

Awet(1 hr) = 7102402 

Awet(lunz) = 1105 9 2 6 2  

+I2 

cos(a) - 

- sm(a) 

?ow* "2 T VO',, 111 

Check the answers 

~ 

Average charactemations for NO3, NOz, AI, TOC (molar, molar, molar, gramshiter) 

No, 

Case 3-Worst Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244 U-hf mcd 

E-46 

[Eqn 101 

calculate the 
wetted 
surface 
(modified for 
inhal 
condhon) 
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A u t h o r a T  d0.d- Date i/a6/c 0 Checked by 

Definition of the hydrogen production by corrosion (ft3 per day) 

Hb(t) = R, [.-t(t(t) [(22 4 e) ( T )]I 
mole 273 15 K 

C=R,  ( 2 2 4 -  Lz) (273T5K) 

Hb(t) = (Awet(t) C) 

Maximum hydrogen production rate from corrosion (ft3 per day) 

Definition of the hydrogen radiolysis G factor (molecules hydrogen per 100 eV) and the hydrogen 
production by radiolysis (ft3 per day) 

[Eqn 131 
molecules molecules Gmo = -0 995 

100 eV 100 eV 

molecules 
100 eV 

Gw = 0 022 

Case 3-WOrSt Case HZ&NH3-U-103 8 U-106 
dissolved H2 & CH4 to 244 U hf mcd 
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/ 

Maximum hydrogen production rate from radiolysis (ft3 per day) 

I 

Definition of the hydrogen production hy chemical reaction (f@ per day) Reference (Hu 1999) [Eqn 191 

Hz,h(t) G F t + G-M F 

Maximum hydrogen production rate from chemical reaction (ft3 per day) 

= 0 0392 
Hzd2 W 

= 0 0156 ~zch(l&) 

Total hydrogen generation rate (f@ per day) 

Mt) H d t )  + H z d t )  + H d t )  

grv(t) = Hza(t) + HZrad(t) + Hzch(0 

Maximum total hydrogen production rate (ft3 per day) 

sum =grY(l&) 

83 grXllmz) = 0 014- 
hr 

SUm -=0333 

($) 
Case 3-WOWt Case H2BNH3-U-103 & U 106 
dissolved H2 8 CH4 to 244-U-hf mcd 
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Determine the relative amounts of hydrogen produced by each mechanism in percent 

Corrosion = 100 (Awet(llm2) C Sum-') 
RadIolys~s = 100 (E lun2 F + E- F) Sum-' 

Corrosion = 63 881 

RadIolys~s = 13 434 

C h m c a l =  100 (G F lun2 + G-F) Sum-' 

Total = 100 Sum Sum-' 

Chmcal= 22 685 

Total = 100 000 

Prepare equabons for solution of ordinary differenbal equabon 

Accumulabon = Input - Output 

dVol2, 
dt 

Accumulabon ==> = VOl2', 

Input ==> H2 released by salt well pumping + H2 generated 
==> &IZ + grv(t) 
==> grmn+ (Awet(t) C + E t  F +  E&F+ G F  t + GEDMtF) 

==> H2 vented based on generabon rate + vent rate + volume reducbon 

grtOt = grmn + (%At) + HZndt) + HWl(0) 

Output 
v012m 

==> (@tot(t) + vr + flowz) - 
hvol2(t) 

vol2, 
==> [grmlz+ (Awet(t) + E t  F+E-F + G F  t + G-F) + vr+ flowz] 

(tvol - flow, t - tvolvol,,) 

Solve ( I e , find v0IHa = f(t) ) the followng Inha1 Value problem 

V O I ' ~ ~  - brt - (grt + vr,)(volHn/hvol,)] = 0 

voIH2 is the volume of 4 (e in the DCRT headspace at bme t 
VoIH,= d(votH$dt, the rate of change of the hydrogen volume in the tank headspace @/day), 
grt (H2 generabon rate (ftVday)) vrt (DCRT venblabon rate (ftVday)) and hvolt (DCRT 
headspace volume(ft9) are known funcbons o f t  
and the inhal condhon is volw (0 days) = 0 

where 

Case 3-WOrSt Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-hf mcd 
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/ 

Initial condition of the ODE ft3 of hydrogen in the tank headspace at time 0 (Set in input section) 

v012W = 1 2339ft3 
0 

Definition of y' from differential equation 

mput(t) = [ gr,, + [(Awet(t)) C + E t F + E- F + G F t + G- F]] 

1 gr,, + [(Awet(t)) C + E  t F + E-F + G F  t + GWdF]] + (vr + flow2) 
hvol2(t) 

0 

[[ output(t) = 

D(t,vo&) = mput(t) - output(t) v012W 

npomts = roundo(+ y) evaluabon points vvlthin the evaluabon interval 

t l  = 0 beginning of time interval t2 = - lun2 end of bme interval 
sec 

2 contains the values of ~ 0 1 ~ 2  calculated at the evaluabon 

method for ordinary differenbal equabons, expressed as 
an n column matrix [where n = order of the ordinary 
differenbal equabon + 1 (2 in this case yelding t & volHZ 
) I  

points by the 4th Order Runge-Kutta approximabon [Eqn 321 
, t l  , t2,npomts,D 1 z =rk&d[T vonm 

1 = 1 npomts 

t, = [z"")], sec v012W = [zq A3 [Eqn 33, Eqn 341 

VOl2i,, = mput(t,) - output(t,) V012W Definhon of V O I H ~  in terms o f t  and VOIH~ as defined [Eqn 351 
by the differenbal equation 

Case 3-Worst Case H2&NH3-U-103 & U-106 
dissolved H2 8 CH4 to 244 U hf mcd 
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DCRT Headspace Volume vs Tune 

L 0 10 

0 

50 30 40 

x-x+c DCRT headspace volume (rU) 

DCRT H2 M o w  and Oufflow Rate vs Tune 

hwra 
%-me rU/day hydrogen mtlow to headspace 
OQO futday hydrogen exhausted tbm headspace 

Case 3 Worst Case H28NH3 U 103 & U-106 
dissolved H2 & CH4 to 244 U hf mcd 
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Author ^B %!& Date WQ 0 Checked by 1% i Date ,(QF/aQ 

(W Wday) hydrogen m headspace 
2 

1 5  

1 

0 5  

0 

0 5 10 I5 u) 25 30 35 40 45 50 55 
ham 

X-X-M headspace hydrogen mventory (A3) 
OOO change m headspace hydrogen mventory (fU/day) 

-0 5 

hours 
x-xic headspace hydrogen concentrahon (%) 

Case 3-WOrs.t Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-hf rncd 
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lunz 
1 =0,1 - 

hr 
Display tabulated results for first 24 hours of DCRT fill tune 

Rate of HzVolume H2 Concentration H2 Concentration Volume of liquid 
in tank at time Hz volume in increase in 

Headspace (R3) Headspace (R3/daY) (volume %) 
time in Headspace in Headspace 
(hours) (% LFL) (R3) - 

t, - =  
(W . .  

1385 

1445 

-- 
(- fi3) - $iq 
0 400 

0 313 

Case 3-WOrSt Case H28NH3 U 103 & U-106 
dissolved H2 & CH4 to 244 U hf rncd 

vol2w 

E-53 

VOl2U9 

1 529 

100 
4 
- flow2 t, + molma - - - - 

I 765 103 
I 797 103 a I 829 103 
I 861 103 
I 893 103 a 1925 103 
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DCRT headspace hydrogen concentration when the maximum fill level is first achieved 
lm2=52OOOhr tune2=52000hr Iun=  103000hr 

100 v012ym*h~l) 
%H21, = %H21m = 0 170 volume % hydrogen 

hvol2(tun%) 

"2H4 -,) 
%LFLl, = 100 m*h 100 %m,, = 4 255 % LFL based on hydrogen 

hvol2(tun%) 4 

Ultimate (steady-state) DCRT headspace hydrogen concentration 

%Hk2 = 0 461 volume % hydrogen 

IEqn 361 

IEqn 381 

%Ed = 11 517 % LFL based on hydrogen IEqn 391 100 
%LE& = %H&2 - 

4 

Tank Headspace Volume 

hvol2(lun2) = 809fi3 
Hydrogen generation rate 

fi3 &Id) = 0 333 - 
day 

Barometne Breathing Rate 

tl =- lun2 
hr 

tt3 venkb = 0 152- 
hr 

Determine if Steady-State concentration or concentration at  end of pumping is limiting 
(flag = 0 pumping concentrabon limmng 
flag = 1 steady-state limlted) flagl, = If(%LFL,, < %LFL~,,o, I)  flagh = 1 

Hydrogen concentration at  loss of ventilation (greater of "end of pumping" or "final steady-state") 

H Z - ~ ~  = 0 460667 % 

final H2 Concentration to meet 25% ("3 and CH4 included) 

Case 3-WOrSt Case HZ&NH3-U-103 & U-106 
dissolved H2 & CH4 to 244 U hf mcd 
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Final H2 Concentrabon to meet 50% ("3 and CH4 included) 

Final E2 Concentration to meet 100% ("3 and CH4 included) 

Malumum %LR. with loss of ventilation 

temp2100 = 94 653 day 

E-55 
Case 3-Worst Case H28NH3-U-103 8 U-106 
dissolved H2 8 CH4 to 244-U-hf mcd 
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A u t h o r S P -  u- Date /,/25/00 Checked by$ & 

DCRT 244-U 
CASE 3 

Calculations based on worst case hydrogen generation and ammonia tank 
241-U-103 and worst case dissolved hydrogen and methane 241-U-106 

-the inibal condibon of the tank is 0% full 
-this model calulates the remainder unbl fill is H a t  80% full with 
pumping rate inibally O f  4 gpm to 40% full 
- immediate change in pumping rate of 4 gpm with no chance to come 

SUMMARY: 

to steady state H2 concentration 

INPUT SUMMARY 
General Data 

DCRT Venblabon Rate w=3000- 
hr 
It3 mole NO, = 3 180- 

llter 
Nitrate Concentrabon 

mole 
Nitrite Concentrabon N0,=3020- 

llter 

Saltwell Waste Specific Gravtty p = 1 410 

Radiolybc Power of Waste wastepower = 1 481 - lb 

mole Aluminum Concentrabon Al= 1200- 
fi sed 

lnibal DCRT H2 lnventoiy volm 0 = 0 0 0 0 f i 3  llter 

gm TOC = 12 781 - 
llter 

TOC Concentrabon Hz lnventoiy Based on CGM7 

CGM Measurement 

DCRT Waste Temperature 

flag,,, = "no" 

conq.m-cm,, = 0 OOO%LFL. 

T = 304 250K 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 14 SSO%LFLw 

C& = 0 300 

Penod 1 

Initial Flow Rate gal flow = 4 000- 
mm 

Time Pumped at Ink4 Flow Rate tune = 52 OOOhr 

5 mole W N t  
Hydrogen Cariyover Rate gml-,,,olar = 3 297 x 10- - Inibal Fill Factor - - - 0 000% 

llter tvol 
or gml= 0026- It3 

hr 

Penod 2 

Second Flow Rate flowz = 4 OOO E gal Time Pumped at Second Flow Rate lun2 = 52 O O O h  

tvolmt2 lnibal Fill Factor - - - 40 240% 
A3 

Hydrogen Carryover Rate grmIz = 0 026- hr mol 

Case 3-Worst Case H28NH3-U-103 & U-106 
dissolved H2 & CH4 to 244-U-hf mcd 
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OUTPUT SUMMARY ' 

Penod 1 

M a l  Flow Rate gal flow = 4 000- 
m 

@01*t - - - 0 000% M a l  Fill Factor 
tvol 

M a l  Fill Volume 

lnlbal H2 Concentrabon (%LFL) lh2c = 0 ooO% 

tvol, = 0 gal 

Final H2 Concentrabon (%LFL) fhzc = 1 245% 

Time Pumped at lnltal Flow Rate hme = 52 OOOhr 

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume ffv = 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 16 395% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 619% 

Penod 2 

Second Flow Rate flow, = 4 000- 
m 

~~ 

Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

- 40 240% Final Fill Factor m = 8 0 4 7 9 %  
@01,rz M a l  Fill Factor - - 
tV01 

lnrhial Fill Volume t~o l , , , ,~  = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

h2c2 = 1 245% 

fh2~2 = 4 255% Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 19 405% 

uhh2~2= 11517% uhfgc2 = 26 367 % 

Maxrmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon TII~Q 

Time to Reach 50% LFL wth Loss of Venblabon T ~ Q  

Time to Reach 100% LFL with Loss of Venblabon Tun9 ,ooJbLm. = 94 653 day 

LFLnrt_bnrhg = 21 1 786 % 

= 0 ooOday 

= 25 872 day 

- 

- 

- 

E 57 Process Engineenng 
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Previous reviews complete and cover analysis, up to scope of the review, 
with no gaps 
Problem completely defined 
Necessary assumptions explicitly stated and supported 
Computer codes and data files documented 
Data used in calculations explicitly stated in document 
Data checked for consistency with ongmal source information as 
applicable 
Mathematical denvations checked includmg dunensional consistency of 
results 
Models appropriate and used within range of validity or use outside 
range of established validity justified 
Hand calculations checked for errors Spreadsheet results should be 
treated exactly the same as hand caIculations 
SohardCode input correct and consistent with analysis documentation 
Sohare/Code output consistent with input and with results reported in 
analysis documentation 
Llmitslcriteria/guidelines applied to analysis results are appropnate and 
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Safety margins consistent with good engineenng prachces 
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1 0 Background - 
The solubilities of gases in electrolyte (salt) solutions are important in chermcal and biochermcal 
reaction engineenng For example, the estimation of gas-liquid mass transfer rate requires not 
only the volumetnc mass-transfer coefficient but also the equilibnurn liquid phase concentration 
to be known With increasing salt concentration, gas solubility is nearly always found to decrease 
(“salting-out ’ effect) Schumpe (Reference 1 and Attachment A) has suggested a model that can 
sometimes be used to predict gas solubilities in salt solutions in excess of 5 moles& However, 
there are siguficant concerns in extrapolating the Schumpe model to saturated or near sarurated 
salt solutions 

An enwonmental and industnal safety issue of stonng radioactive chermcal wastes in the 177 
underground waste storage tanks is the presence of ammorua in many of these tanks Ammorua 
has an IDLH (immediately dangerous to life and health) lirmt of 300 ppm and an LFL (lower 
flammability Iirmt) of I5 5% Therefore, it is important to understand the relationshps between 
ammoma in the liquid phase and the gaseous phase T h s  information is needed to predict levels 

, of ammoma whxh can emst in the vapor spaces of tanks and whch can be discharged from 
storage tanks in exhaust ventilation air 

Ammorua gas IS very soluble in water and its solubility as a fitnction of temperature IS well 
documented in the literature Some ammoma solubilrty data are avallable for dilute salt solutions 
HoLbever, very little data emst for saturated or near saturated salt solutions, whrch are sirmlar to 
some of the waste in Hanford underground storage tanks The results of a literature search is 
given in Attachment C The emsting data indicate that ammoma solubility decreases as salt 
solutions become more concentrated and ammoma solubility decreases with increases with 
temperature (Reference 2) The measurements of Reference 2 made use of a fairly complex, 
modified Isotemscope Thrs piece of equipment relied upon tahng vapor samples to detemune 
the partial pressures of both ammoma and water and to calculate ammoma solubilities in vanous 
salt solutions 

More direct measurements ofammoma solubilities in tugh salt solutions are needed to validate or 
correct the vapor pressure model and coefficients presented in Reference 1 and the Schumpe 
model s use for rmxed salt solutions above 5 molar concentrations 

Henry’s Law states that the ratio ofthe equilibnum ratio ofthe concentration of a gas in solution 
t o  its vapor pressure above that solution is given by a constant, Henry’s Law constant The 
Henry’s Law constant, per the Schumpe model, IS a fimction of temperature and the iomc 
composition of a water solution A discussion of ths is given in Reference 3 (Attachment B) 
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2 0 Purpose 

The purpose of ttus project IS to measure the solubility of ammorua in a concentrated salt solution 
at room temperature A saturated salt solution whch simulates the waste In the Hanford 
underground waste tank 241-SY-101 was used The composition of ttus slmulant approxlrnates 
that of simulant SY I-SIM-91A, whch is given in Table 1 ofReference 2 Ttus heterogenous 
(slurry) IS reported to have the followng composition 

- 

Compo nent Molantv (rnolesL1 l3!a&aQ 

NaOH 2 3  6 4  

NaAlO, 2 2  12 2 

NaNO, 3 7  22 0 

3 2  

0 6  

15 4 

4 4  

HP a 
Total 100 0 

T h ~ s  slurry, after being rmxed for a period of time, was filtered to obtain a saturated solution 
wthout solids Ammorua solubility data from ths  expenrnent can be used to validate or adjust 
the Schumpe model (Reference 1) for predicting arnmorua solubilities in hgh salt solutions 
Comparisons to ammorua solubilities andor ammorua vapor pressure obtained by vapor phase 
measurements of Norton and Pederson (Reference 2) are also made to check for consistency with 
the results o f t h s  expenrnent 
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3 0 Methods 

Methodology 

A closed system consisting of three interconnected, 500 ml filter flasks was used (See Figure 1) 
Each of two of the pnmary filter flasks was filled to approxlmately the same volume (between 309 
and 400 ml) of water or saturated salt solution A thrd filter flask contained concentrated 
ammomum hydroxide solution was connected to the other two flasks as needed as a source of 
ammoma vapor When not needed, the two pnmary flasks were isolated from the thrd flask and 
the atmosphere by use of a plug 

Pnor to the tahng of data for the saturated salt solution descnbed above, the system was 
checked, along w t h  analytical methods, using only water w t h  dissolved ammoma or ammomum 
hydroxide, whch was added to one of two flasks ofwater In all tests, electric stirrers were used 
to mmrmze mass transfer of ammoma between the liquid and vapor phases 

It can be shown (Reference 3) that, for a system wth a common equilibnum ammoma 
, concentration, the ratio of equilibnum concentrations of ammoma in two water based solutions at 

the same temperature is equal to the ratio oftheir respective Henry’s Law constants In the case 
of t h s  expenment, the two water based solutions were water and a saturated salt solution 
Knowng from the literature the temperature dependent Henry’s Law constants for ammoma in 
water, a Henry’s Law constant for ammoma in a saturated salt solution was calculated 
(Reference 3) Ths  Henry’s Law constant can then be used to relate the equihbnum liquid 
concentration of ammoma in the saturated salt solution to its equilibnum vapor pressure of 
ammoma above ths solution 

Analytical Methods 

The analytes measured in t h s  expenment and the analytical methods used include the following 

Analyte 
ammoma 
hydroxde ion 
sodium ion 
alummate ion 
rutrate ion 
rutnte ion 
carbonate ion 

Methods o f Analvsis 
spectrophotometry 
pH meter 
inductively coupled plasma (ICP) 
inductively coupled plasma (ICP) 
spectrophotometry 
spectrophotometry 
matenal balance 

Samples were diluted w t h  distilled water to obtain the required range of concentration(s) for the 
analytical rnethod(s) used For a given dilution, the onginal concentration of an analfie and was 
then back calculated 
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4 0 Calculations 

Data and other mformation associated w t h  th s  project were kept in a laboratory notebook Ths 
information forms the basis for ttus lab report Output from vanous instruments have been 
referenced and applicable data reproduced in the laboratory notebook On-the-spot descnptions, 
ongnal spectra, computer outputs, and observations have been recorded in the laboratory 
notebook 

- 

The composition of the salt solution used In ths experiment is as follows 

Molanty, 
Analvte fwQ!d!J 
Ammonia 4 6 4 ~ 1 0 - ~  (maximum) 
Hydroxide Ion 3 16 
Sodium Ion 10 40 
Aluminate Ion 0 69 
Nitrate Ion 3 70 
Nitrite Ion 2 86 
Carbonate Ion 0 60 

Table 1 presents the calculations ofthe ratios of concentrations of ammoma In water to ammoma 
in the salt solution A plot of these data is given in Figure 2 The calculation ofthe ammoma 
Henry’s Law constant for the salt solution using the Schumpe model is given in Table 2 The 
calculation of the ammoma Henry’s Law constant for the salt solution using the measured “steady 
state” ratio of ammoma concentration in water to that in the salt solutton IS gven in Table 3 
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5 0 R e s u l t s  

The Henry’s Law constants for ammoma dissolved in the concentrated salt solution are 

Lab0 ratorv . Measurements, 
Kh(,,,”menl%wL) =32.e molesl(Iratm 1 

Calculated usi ne Schumpe Mode 1, 

Kh(,,,”m,,nlq%!t) = 54 moles/CLatm ) 

Therefore, the Schumpe Model under predicts the solubility of ammoma dissolved in the hghly 
concentrated salt solution by a factor o f4  based on the measurements made in t h s  project 

6 0 E r r o r  Analysis 

Knowng when equilibnum or near equilibnum conditions were acheved is difficult to detemune 
Once the source of ammoma (concentrated ammomum hydroxlde) is isolated fiom the system, 
a m o m a  measurements vnll be taken every few days of the water and concentrated salt solutions 
to  detemne rate of change of concentrations of the two solutions Ths would be complicated by 
any potential paths of leakage of ammoma fiom the system As equilibnum conditions are 
approached, replicate samples vnll be taken and analyzed for ammoma to provlde statistical 
measures of the accuracy of the dilution and analytical methods used Mean values of results are 
reported 

7 0 Discuss ion /Conc lus ions  

- 

The results of t h s  study show that the Schumpe model sigruficantly under predicts the solubility 
of ammoma in h g h  salt solutions For a gwen concentration ammoma in a hgh salt solution, the 
resulting equilibnum vapor pressure is over predicted proportionally The result of over 
prediction of ammoma in a vapor space would dnve excessive and likely expensive measures to 
prevent flammable gas mxtures and/or releases w t h  are h a d l  to humaw For hgh  salt 
solutions, actual liquid phase measurements are needed for a given common vapor phase 
concentration of ammoma to obtain an accurate prediction of an ammoma Henry’s Law constant 
for e given temperature The Schumpe model should not be used for hgh salt solutions 
Additional measurements should be made for vanous hgh salt solutions of interest at a selected 
range of temperatures 
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General Assumotions 
1 Maximum ammonia concentration found is used including RGS values If no value is 

available for ammonia concentration in the liquid waste, 1 ughL is used to avoid - 
division by zero problems in the calculations 
Best basis data are used if they are available 
If best basis data are not available then average tank characterization data are used 
Lithium and bromide data not used since they are added dunng some core sampling 
of tank waste 
Unless ventilation rate in a DCRT exceeds 1 cfm, equilibnum ammoma 
concentrations in the DCRT vapor space can be used in place of that predicted by the 
dynamic model for ammoma 
For diffusion limited transfer of ammonia from a liquid into a vapor space, caustic 
addition wdl not increase the vapor space ammoma above the equilibnum 
concentration in the vapor space based on the solubility of ammonia at a particular set 
of waste conditions 

General 
The SchumDe model is used for the calculations of hydrogen. ammoma and methane - - I  

solubility 1; tank waste Some prelimnary measurements by the author at Washington 
State Umversity-Tn-Cities conclude that the Schumpe under predicts the solubility (and 
therefore over predicts the vapor space ammonia) of highly concentrated wastes (above 5 
molar total iomc species) Therefore, where the WSU model is identified, a corremon 
factor to the Schumpe model has been applied to the Schumpe model Additional work is 
being performed to define more accurately these correction factors When they are 
available, these correction factors wdl be applied as applicable to ammoma solubility and 
the corresponding vapor space predictions 

DCRT 244-A 
Case 1 Initially, consider the 244-A DCRT 33% full of 1 to 1 diluted waste from 
241-SY-101 via 241-SY-102 This waste has a greater hydrogen generation rate and a 
larger equilibrium ammonia vapor pressure than other wastes considered for cross-site 
transfer These other wastes include feed to the 244-BX DCRT from 241-BY-105 and 
241-BY-106 Also included is the feed to 241-SY-102 from 241-SX-103 and 241-SX- 
105 which have been diluted 1 volume part water to 2 volume parts waste and cooled to 
at least 126OF, the maximum temperature of 241-SY-101 waste dunng 1999 
The 244-A DCRT is then filled to 80% (an additional 8400 gallons) at 20 gpm and a 
ventilation rate of 3 cfh The end of fill % LFL contnbutions using the Schumpe model 
for case 1 are 

0 21% LFL hydrogen, 0 0% LFL methane, 18 9% LFL ammonia for a total of 
19 1% LFL The end of fill % LFL contnbutions using the WSU model for case 1 are 

0 21% L m  hydrogen, 0 0% LFL methane, 7 0% LFL ammonia for a total of 

7 2% LFL 
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The steady state % LFL contnbutions using the Schumpe model for case 1 are 

11 75% LFL hydrogen, 0 0% LFL methane, 18 9% LFL ammoma for a total of 
30 7% LFL The steady state % LFL contnbutions using the WSU model for case 1 are 

11 75% LFL hydrogen, 0 0% LFL methane, 7 0% LFL ammonia for a total of 

18 8% LFL 

Case 2 Without considenng ammoma in the 1 to 1 diluted waste from 241-SY-101 via 
241-SY-102, the time from 25% to 100% LFL following the loss ofventilation is 
51 days Considenng ammoma in the 1 to 1 diluted waste from 241-SY-101 via 
241-SY-102, the time from 31% to 100% LFL following the loss of ventilation is 

45 days 

Case 3 Ifthe 244-A DCRT were SOYO full of 1 to 1 diluted waste from 241-SY-101 wa 
241-SY-102 and it leaked near its bottom to its cell, the maxlmum concentration of 
flammable gases in the vault following loss of ventilation but contmuation of natural 
breatlung would be 59 1% LFL from hydrogen and ammonia 

DCRT 244-BX 
Case 1 For a saltwell pumping rate of 4 gpm to fill the DCRT from empty to 80% full 
w t h  the lugher hydrogen generation rate from 241-BY-106 than from 241-BY-105 for a 
ventilation rate of 3 cfh, the YO LFL hydrogen for end of fill is 7 0% LFL and the % LFL 
hydrogen for steady state is 12 2% The time from end of fill to 95% of steady state 

% LFL hydrogen is 577 hours Since hydrogen generation rate wthin the waste 
dominates the dissolved hydrogen contnbution from the entenng waste, increasing the 
waste feed rate does not increase the vapor space hydrogen concentration in the DCRT 

Case 2 Upon loss of ventilation, the tme from 25% LFL hydrogen to 100% LFL 
hydrogen is 97 7 days 

Case 3 The end of fill % LFL contnbutions using the Schumpe model for case 1 are 
7 0% LFL hydrogen, 0 55% LFL methane, 14 7% LFL ammonia for a total of 

22 2% LFL The end of fill % LFL contnbutions using the WSU model for case 1 are 
7 0% LFL hydrogen, 0 55% LFL methane, 3 7% LFL ammonia for a total of 
11 3% LFL 

The steady state % LFL contnbutions using the Schumpe model for case 1 are 

12 2% LFL hydrogen, 0 0% LFL methane, 14 7% LFL ammonia for a total of 
26 9% LFL The steady state % LFL contnbutions using the WSU model for case 1 are 
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12 2% LFL hydrogen, 0 0% LFL methane, 3 7% LFL ammonia for a total of 

15 9% LFL 

Case 4 The end of fill % LFL contnbutions using the Schumpe model for case 3, except 
for a saltwell pumping rate of 8 gpm, are 

6 6% LFL hydrogen, 0 55% LFL methane, 14 7% LFL ammonia for a total of 
21 8%LFL 

The steady state % LFL contnbutions using the Schumpe model for case 3, except for a 
saltwell pumping rate of 8 gpm, are 
12 2% LFL hydrogen, 0 0% LFL methane, 14 7% LFL ammonia for a total of 
26 9% LFL 

Case 5 The bounding case for the maximum concentration of dissolved hydrogen in 
waste that could be transferred at 4 gpm to 244-BX DCRT was determined to be BY-106 
The calculated DCRT post fill and steady state hydrogen concentrations are 
Transfer Route Vent Rate Post Fill H2. %LFL Steadv State H2. %LFL 

BY-106 to 244-BX 3 cfh 7 0  12 2 

Case 6 Ifthe 244-BX DCRT were 80% full of 241-BY-106 waste wth  the ammonia 
concentration of the 241-BY-105 waste and it leaked near its bottom to its cell, the 
maximum concentration of flammable gases in the vault following loss of ventilation but 
continuation of natural breathing would be 29 0% LFL from hydrogen and ammonia 

DCRT 24443 
Case 1 The base case considered is the saltwell pumping rate of 4 gpm to fill the DCRT 
from empty to 80% full with the highest hydrogen generation rate from 241-SX-105 of 
those S and SX tanks to be saltwell pumped and the greatest dissolved hydrogen from 
2414-107 For a ventilation rate of 5 cfh, the % LFL hydrogen for end of fill is 20 2% 
LFL and the % LFL hydrogen for steady state is 33 1% The time &om end of fill to 95% 
of steady state % LFL hydrogen is 212 hours 

Case 2 Upon loss of ventilation, the time from 33 1% LFL hydrogen to 100% LFL 
hydrogen is 9 4 days 

Case 3 The vapor phase equilibnum ammonia concentration from 241-SX-103 waste in 
the 244-S DCRT is calculated using the Schumpe model to be 138% LFL The vapor 
phase equilibrium ammonia concentration from 241-SX-105 waste in the 244-S DCRT is 
calculated using the Schumpe model to be 110% LFL The vapor phase equilibrium 
ammonia concentration from 241-SX-102 waste in the 244-S DCRT is calculated using 
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the Schumpe model to be 72% LFL Therefore, the third hghest vapor phase ammonia 
from 241-SX-102 is used This excludes the saltwell pumping of 241-SX-103 and 
241-SX-105 wthout better modeling of the ammonia in these wastes Using the 
ammoma from 241-SX-102, the dissolved hydrogen from 241-SY-107, and the hydrogen 
generation from 241-SX-105, the end of fill % LFL contributions using the Schumpe 
model for case 1 (ventilation rate of 5 cfh) are 
20 2% LFL hydrogen, 1 89% LFL methane, 72 15% LFL ammonia for a total of 
94 3% LFL The end of fill % LFL contnbutions using the WSU model for case 1 are 
20 2% LFL hydrogen, 1 89% LFL methane, 12 0 % LFL ammonia for a total of 

34 1% LFL 
The steady state % LFL contnbutions using the Schumpe model for case 1 are 
33 07% LFL hydrogen, 0 0% LFL methane, 72 15% LFL ammonia for a total of 
105 2% LFL The steady state % LFL contnbutions using the WSU model for case 1 are 

33 07% LFL hydrogen, 0 0% LFL methane, 12 0% LFL ammonia for a total of 

45 1%LFL 

Case 4 Since hydrogen generation rate wthin the waste dominates the dissolved 
hydrogen contnbution from the entenng waste, increasing the waste feed rate does not 
increase the vapor space hydrogen concentration in the DCRT at end of fill This can be 
seen from the cases for 4, 8, 12, 16, and 20 gpm feed rates to the 244-S DCRT 
(ventilation rate of 5 cfh) 

Case 5 The defined 222-S Lab waste (defined on page B-5 of Lockheed Martin Hanford 
interofice memo 74B50-99-002, March 3, 1999) is considered added at 115 gpm to the 
244-S DCRT (ventilation rate of 3 cfh), which is initially 13% f i l l  of the same waste 
The end of fill % LFL contnbutions using the Schumpe model for t h s  222-S Lab waste 
case are 
0 02% LFL hydrogen, 0 OYO LFL methane, 0 48% LFL ammonia for a total of 

0 5% LFL 

The steady state % LFL contnbutions using the Schumpe model for this 222-S Lab waste 
case are 
4 91% LFL hydrogen, 0 0% LFL methane, 0 48% LFL ammonia for a total of 
5 4% LFL 

Case 6 The defined wastes from the Active Catch Tanks (defined in Lockheed Martin 
Hanford interoffice memo 74B50-99-105, December 3, 1999) is considered added at 120 
gpm to the 244-S DCRT (ventilation rate of 3 cfh), wluch is initially 10% full of the same 
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waste The end of fill YO LFL contnbutions using the Schumpe model for this waste from 
the Active Catch Tanks case are 
0 02% LFL hydrogen, 0 0% LFL methane, 0 0025% LFL ammotua for a total of 

0 02% LFL 
The steady state % LFL contnbutions using the Schumpe model for t h s  waste from the 
Active Catch Tanks case are 
5 0% LFL hydrogen, 0 0% LFL methane, 0 0025% LFL ammonia for a total of 
5 0% LFL 

Case 7 Waste like the current heel in 2444 DCRT (defined in an e-mail message from 
Paul a s o n  to m k e  Gngsby et al , November 29, 1999) is considered added at 4 gpm to 
an empty 244-S DCRT until it is 80% full (ventilation rate of 3 cfh) The end of fill % 
LFL contnbutions using the Schumpe model for t h s  244-S DCRT heel waste case are 
0 56% LFL hydrogen, 0 0% LFL methane, 0 29% LFL ammoma for a total of 
0 85% LFL 

The steady state % LFL contnbutions using the Schumpe model for t h s  244-S DCRT 
heel waste case are 
5 37% LFL hydrogen, 0 0% LFL methane, 0 29% LFL ammonia for a total of 
5 799 LFL 
The time to go from 25% LFL to 100% LFL. upon loss of ventilation with the bounding 
case of 244-S DCRT heel waste is 181 days 

Case 8 Henry’s Law Constants were calculated for each of the wastes to be saltwell 
pumped to the 244-S DCRT These include S-101, S-102, S-103, S-106, S-107, S-109, 
S-111, SX-101, SX-102, SX-103, SX-104, SX-105, and SX-106 No best basis ortank 
characterization data exist for S-112 Vapor phase ammonia in the 244-S DCRT 
contaming waste from 241-SX-105 over the range of temperatures from 70 to 170 
degrees Fahrenheit at the ventilation rate of 3 cfh are given in Table S8-1 for the 
Schumpe model and in Table S8-2 for the WSU model Tank 241-SX-105 was selected 
because its waste has the lowest ammotua solubility In other words, its ammonia vapor 
pressure is greatest for a gven ammotua concentration 

Case 9 The bounding case far the maxlmum concentration of dissolved hydrogen in 
waste that could be transferred at 4 gpm to 244s  DCRT was determined to be S-107 
The calculated DCRT post fill and steady state hydrogen concentrations are 

S-107 to 244-S 3 cfh 15 0 5 3  
S-IO7 to 2444 5 cfh 14 3 3 2  

Vent Rate Post Fill H2. %LFL 
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Case 10 Ifthe 244-S DCRT were 80% full of 241-SX-105 waste wth  the ammotua 
concentration ofthe 241-SX-102 waste and it leaked near its bottom to its cell, the 
maximum concentration of flammable gases in the vault followng loss of ventilation but 
continuation of natural breathmg would be 109 2% LFL from hydrogen and ammonia 
Ifthe 2 4 4 4  DCRT were 80% full of its current heel waste and it leaked near its bottom 
to its cell, the maximum concentration of flammable gases in the vault followng loss of 
ventilation but contmuation of natural breathmg would be 43 9% LFL from hydrogen and 
ammonia 

DCRT 244-TX 
Case 1 For a saltwell pumping rate of 4 gpm to fill the DCRT from empty to 80% full 
with a ventilation rate of 3 cfh the % LFL hydrogen for end of fill is 43 0% LFL and the 
% LFL hydrogen for steady state is 7 1% The time from end of fill to the lower value of 
105% of steady state % LFL hydrogen is 1242 hours 

Case 2 Upon loss of ventilation at end of fill, the time from 43% LFL hydrogen to 100% 
LFL hydrogen is 210 days 

Case 3 The end of fill % LFL contnbutions using the Schumpe model for case 1 are 
43 0% LFL hydrogen, 9 9% LFL methane, 0 0% LFL ammotua for a total of 

52 9% LFL 

The steady state % LFL contnbutions using the Schumpe model for case 1 are 
7 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammonia for a total of 
7 1%LFL 

Case 4 The defined PFP waste (defined in Table 4 of letter 15530-99-DRH-002 from 
D R Hirzel to J N Strode, January 6, 1999) contams the ions of sodium, hydroxide, 
tutrate, and nitnte but no ammonia, cesium-137 or total organic carbon Therefore, t h s  
waste can be modeled as water since water is conservative for wastes wth  corrosion as 
the exclusive mechatusm for the generation of hydrogen The end of fill YO LFL 
contnbutions using the Schumpe model for this PFP waste case are 
0 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammonia for a total of 
0 1%LFL 
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The steady state YO LFL contnbutions using the Schumpe model for this PFP waste case 
are 
7 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammonia for a total of 

7 1%LFL 

Case 5 The steady state % LFL contnbutions from loss of ventilation using the Schumpe 
model for a 10% waste heel from 241-T-110 in the 244-TX DCRT are 

10 2% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammonia for a total of 

10 2% LFL 

Case 6 The bounding case for the maximum concentration of dissolved hydrogen in 
waste that could be transferred at 4 gpm to 244-TX DCRT was determined to be T-I10 
The calculated DCRT post fill and steady state hydrogen concentrations are 
Transfer Route Vent Rate Post Fill H2. %LFL Steadv State H2. %LFL 
T-I10 to 244-TX 3 ctll 43 0 7 1  

Case 7 Ifthe 244-TX DCRT were 800? full of 241-T-110 waste and it leaked near its 
bottom to its cell, the maximum concentration of flammable gases in the vault following 
loss of ventilation but continuation of natural breathing would be 32 5% LFL &om 
hydrogen 

DCRT 244-U 
Case 1 The base case considered is the saltwell pumping rate of 4 gpm to fill the DCRT 
from empty to 80% full wth  the highest hydrogen generation rate from 241-U-103 of 
those U tanks to be saltwell pumped and the greatest dissolved hydrogen from 
241-U-106 For a ventilation rate of 3 cfh, the % LFL hydrogen for end of fill is 

4 3% LFL and the % LFL hydrogen for steady state is 11 5% The time from end of fill 
to 95% of steady state % LFL hydrogen is 680 hours 

Since hydrogen generation rate wthin the waste dormnates the dissolved hydrogen 
contnbution from the entering waste, increasing the waste feed rate does not mcrease the 
vapor space hydrogen concentration in the DCRT This can be seen from the cases for 4, 
8, 12, 16,20, and 30 gpm feed rates to the 244-U DCRT (ventilation rate of 3 cfh) 

Case 2 Upon loss of ventilation, the ame from 25% LFL hydrogen to lOG?? LFL 
hydrogen is 106 days 
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Case 3 The vapor phase equilibnum ammonia concentration from 241-U-103 waste in 
the 244-S DCRT is calculated using the Schumpe model to be 14 85% LFL Using the 
dissolved hydrogen from 241-U-106, and the hydrogen generation from 241-U-103, the 
end of fill % LFL contnbutions using the Schumpe model for case 1 (ventilation rate of 3 
cfh) are 
4 26% LFL hydrogen, 0 3% LFL methane, 14 85% LFL ammonia for a total of 
19 4% LFL The end of fill % LFL contnbutions using the WSU model for case 1 are 
4 26% LFL hydrogen, 0 3% LFL methane, 2 48 % LFL ammonia for a total of 
7 0% LFL 
The steady state YO LFL contnbutions using the Schumpe model for case 1 are 
11 52% LFL hydrogen, 0 0% LFL methane, 14 85% LFL ammonia for a total of 
26 4% LFL The steady state % LFL contnbutions using the WSU model for case 1 are 
11 52% LFL hydrogen, 0 0% LFL methane, 2 48% LFL ammonia for a total of 
14 0% LFL 

Case 4 Since hydrogen generation rate wthm the waste dormnates the dissolved 
hydrogen contnbution from the entenng waste, increasing the waste feed rate does not 
increase the vapor space hydrogen concentration in the DCRT at end of fill Thls can be 
seen from the cases for 4, 8, 12, 16,20, and 30 gpm feed rates to the 244-U DCRT 
(ventilation rate of 3 cfh) 

Case 5 Henry's Law Constants were calculated for each of the wastes to be saltwell 
pumped to the 244-U DCRT These include U-102, U-103, U-105, U-106, U-107, 
U-108, and U-109 No best basis or tank charactenzation data emst for U-111 Vapor 
phase ammonia in the 244-U DCRT containing waste from 241-U-108 over the range of 
temperatures from 70 to 170 degrees Fahrenheit at the ventilation rate of 3 cfh are given 
in Table US-1 for the Schumpe model Tank 241-U-108 was selected because its waste 
has the lowest ammonia solubility of these tanks In other words, its ammonia vapor 
pressure is greatest for a gwen ammoma concentration and temperature 

Case 6 The bounding case for the maxlmum concentration of dissolved hydrogen in 
waste that could be transferred at 4 gpm to 244-U DCRT was deternuned to be U-106 
The calculated DCRT post fill and steady state hydrogen concentrations are 
Transfer Route Vent Rate Post Fill HZ. %LFL Steadv State HZ. %LFL 
U-106 to 244-U 3 cfh 4 1  10 7 

Case 7 Ifthe 244-U DCRT were 80% full of241-U-103 waste wth  the ammonia 
concentration ofthe 241-U-103 waste and it leaked near its bottom to its cell, the 
maxlmum concentration of flammable gases in the vault following loss of ventilation but 
continuation of natural breathmg would be 27 5% LFL from hydrogen and ammonia 

G-9 
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Checked by 

DCRT 244-A 
CASE 1 

Modified for 244-A DCRT Calculabons based on worst case hydrogen 
generabon and ammonia tank 241-SY-101 diluted 1 1 

-the inbal condbon of the tank is 33% full 
-this model calulates the remainder unbl filled to 80% full vvlth 
pumpmg rate of 20 gpm (Venblabon rate of 3 cfh) 

INPUT SUMMARY: 
General Data 

ft3 
DCRT Venblabon Rate ~ = 3 0 0 0 -  

hr 
mole 

Nltrate Concentrabon NO, = 1400- 
llter 

mole Sallwell Waste Specific G r a m  p = 1 300 

Radiolybc Power of Waste 
Nltnte Concentrabon NO2 = 1 680- 

lb llter wastepower = 1 579 - 
ft sec3 mole 

Aluminum Concentrabon Al = 0710- 
lnhal DCRT H2 Inventory V O ~  = 0 oo0ft3 hter 

0 

gm TOC = 4 140- 
liter 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no 

conkn-omo = 0 000 %LE 

T = 325 350K 

Ammonia Concentrabon 

Methane Concentrabon 

N H 3  = 18 91O%LKm 

CH, = 0 OOO%LFL,, 

Penod 1 

gal flow = 20 000- M a l  Flow Rate 
rmn 

Time Pumped at lnltal Flow Rate tnne = 4 OOOhr 

mole "OLIt Hydrogen Carryover Rate grwl-,,,olar = 0 OOO- Inha1 Fill Factor - - - 33 000% 
llter wool 

f t 3  
or grwl= oooo- 

hr 

Penod 2 

gal Second Flow Rate flowz = 20 000 - 
nnn 

Time pumped at Second flow rate lun2 = 3 OOOhr 

Inbal Fill Factor - ~ O ~ , r Z  - - 59893% 
ft3 Hydrogen Carryover Rate grmn = 0 OOO- hr tvol 

A-1-2 
Case I It01 dilution of SY-101 to 244-A 
DCRT hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad v2000+ 
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OUTPUT SUMMARY: 
Penod 1 

gal Inlbal Flow Rate flow = 20 000 - 
rmn 

33 000% lnlbal Fill Factor - = 
~ O L U t  

tvol 

lnlbal Fill Volume 

lnlbal H2 Concentrabon (%LFL) lb2c = 0 ooO% 

tvol, = 5890 gal 

Time Pumped at lnltal Flow Rate tune = 4 OOOhr 

Final Fill Factor tlT = 59 893 % 

Final Fill Volume Ev = 10690 gal 

Final H2 Concentrabon (%LFL) fh2c = 0 069% Final Flammable Gas Concentrabon (%LFL) ffgc = 18 979% 

Ultimate (ss) H2 Concentrabon (%LFL) W c l =  8 939% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 27 849% 

Penod 2 

gal Second Flow Rate flow, = 20 000 - 
rmn 

tvo~mu 
tvol 

Inlbal Fill Factor - -59893% - 

Time pumped at Second Flow Rate llmz = 3 OOOhr 

Final Fill Factor fffz=80062% 

lnlbal Fill Volume tv~l, , , ,~ = 10690 gal Final Fill Volume ffv2 = 14290gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2~2 = 11 751 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wrth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wrth Loss of Venblabon 

Time to Reach 100% LFL wrth Loss of Venblabon 

WCZ = 0 069% 

&2c2 = 0 205 % Final Flammable Gas Concentrabon (%LFL) ffgcz = 19 1 15% 

uhfgc2 = 30 661 % 

LFLmt-bh, = 345 497 % 

Tun% 250Lm = 0 OOOday - 
Tm% 5os(LpL = 1 1  548 day 
Tun%-,,,, = 45 091 day 

- 

Case 1-ltol dilution of SY-101 to 244-A 
DCRT hf mcd 

A-1-3 Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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SUMMARY: 
DCRT 244-A 
CASE I 

Modified for 244-A DCRT Calculabons based on worst case hydrogen 
generabon and ammonia tank 241-SY-101 diluted 1 1 WSU model for 
ammonia 

-the inbal condbon of the tank is 33% full - ths model calulates the remainder unbl filled to 80% full wth 
pumpng rate of 20 gpm (Venblabon rate of 3 cfh) 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate vr=3m- Nltrate Concentrabon NO3 = 1 400- 
hr Mer 

mole 
Nltnte Concentrabon NO, 1 680 - 

llter 

fi3 

Saltwell Waste Specific Grawly p = 1 300 

Radiolybc Power of Waste wastepower = 1 579 - Ib 
mole ft Sec' 

lnbal DCRT H2 Inventory volm = OOOOft  llter 
3 Aluminum Concentrabon M = 0 7 1 0 -  

O 

m TOC = 4 140- 
llter 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flagc8, = "no" 

wn%m-cpo = 0 000 %LFL 

T = 325 350K 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 7 OlO%LFL,, 

CH4 = 0 000 

Penod 1 

lnbal Flow Rate 

- 33000% Hydrogen Carryover Rate gr,l-mollr = 0 000- Inbal Fill Factor - - 

Time Pumped at lnltal Flow Rate tune = 4 OOOIII gal flow = 20 000- 
rmn 

mole tvol*t 
llter lvol 

or gr,,= 0000- ft3 
hr 

Penod 2 

gal Second Flow Rate flow, = 20 000 - 
mm 

Time pumped at Second flow rate = 3 000111 

- 59 893 % 
tvOlINt2 I n b l  Fill Factor - - A3 Hydrogen Carryover Rate grwn = 0 000- 

hr tvol 

Case I - l to l  dilution of SY-101 to 244 A 
DCRT-WSU hf mcd 

A-1-4 Process Engineering 
CHZM HILL 

Mathcad v2000+ 
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OUTPUT SUMMARY: 
Penod 1 

lnlbal Flow Rate gal flow = 20 000 - 
m 

Time Pumped at M a l  Flow Rate tune = 4 ooohr 

lnlbal Fill Factor - - - 33 000 % Final Fill Factor E= 59893% 
w m t  

tvol 

M a l  Fill Volume tv~l,,,,~ = 5890 gal Final Fill Volume @J = 10690 gal 

Inha1 H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 0 069% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 8 939% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 7 079% 

uhfgcl = 15 949% 

Penod 2 

gal Second Flow Rate flow, = 20 000 - 

WOlIma 

Time pumped at Second Flow Rate i d  = 3 ooohr 
rmn 

M a l  Fill Factor - - - 59 893 % Final Fill Factor ftpL = 80 062% 
tvol 

Inlbal Fill Volume tvolmol,, = 10690 gal Final Fill Volume ffi2 = 14290gal 

Inlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) W c 2  = 11 751 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wrth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon 

Time to Reach 50% LFL wrth Loss of Venblabon 

Time to Reach 100% LFL wrth Loss of Venblabon 

lh2c2 = 0 069% 

W c 2  = 0 205 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 7 215% 

uhfgc2 = 18 761 % 

LFL,mt-b,,,,,,, = 343 712 % 

T ~ t n e z _ z ~ ~ ~ ~  = 3 650day 
T I I ~ % - , ~ , , =  19015day 

Tme, loosbLFL = 54 020day - 

Case 1 l to l  dilution of SY-101 to 244 A 
DCRT-WSU-hf mcd 

A-1-5 Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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SUMMARY: 
DCRT 244-A Modified for 244-A DCRT Calculabons based on worst case 
CASE 2 hydrogen generabon and ammonia tank 241-SY-101 diluted 
ReactMtyCoef 0 7  1 I 

-the inhal condhon of the tank is 33% full 
-this model calulates the remainder unbl filled to 80% full 
wrth pumping rate of 20 gpm (Venblabon rate of 3 cfh) 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate ~ = 3 0 0 0 -  Nitrate Concentrabon NO3 = 1400- 

A3 

hr llter 
Saltwell Waste Specific G r a m  p = 1 300 

mole NO, = 1 680- 
llter Radiolybc Power of Waste wastepower = 1 579- 

Nitnte Concentrabon lb 

mole 
llter 

A m3 
3 Aluminum Concentrabon AI = 0710- Inbal DCRT H2 Inventory volm = OOOOA 

(I 

H2 Inventory Based on CGM? flag,, = "no" TOC Concentrabon gm TOC = 4 140 - 
llter 

CGM Measurement = 0 OOO%LEz 
Ammonia Concentrabon "3 = 0 000 %LFLm 

DCRT Waste Temperature T = 325 350K Methane Concentrabon CH4 = 0 000 %LE, 

Penod I 

gal lnbal Flow Rate flow = 20 000 - 
rmn Time Pumped at lnital Flow Rate tune = 4 oooh 

- 33 000% mole tvolmt 
llter tVOl 

Hydrogen Carryover Rate grmi-,,,oix = 0 000- lnbal Fill Factor - - 

Penod 2 

Second Flow Rate flow, = 20 000 - gal 
rmn 

A3 Hydrogen Carryover Rate grmn = 0 000 - 
hr 

Time pumped at Second flow rate llm2 = 3 ooohr 

"O~mrZ Inhal Fill Factor - - - 59 893 % 
tvol 

Case 2-It01 dilution of SY-101 to 244 A 
DCRT-without "3 hf mcd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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OUTPUT SUMMARY: 
Penod 1 

Inha1 Flow Rate gal flow = 20 OOO - 
rmn 

Checked by Date //;Lf&Z.l 
/ 

Time Pumped at M a l  Flow Rate tune = 4 OOOhr 

- 33 OOO% Final Fill Factor B = 5 9 8 9 3 %  tvoLut Inibal Fill Factor - - 
tvol 

lnhal Fill Volume tvolmt = 5890 gal Final Fill Volume f€v = 10690 gal 

Inhal H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh20 = 0 069% Final Flammable Gas Concentrabon (%LFL) ffgc = 0 069% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 8 939% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 8 939% 

Period 2 

gal Second Flow Rate flowz = 20 OOO - Time pumped at Second Flow Rate h t 2  = 3 OOOhr 
m 

tvoll,, - - - 59 893 % 
tvol 

Inibal Fill Factor Final Fill Factor ftpL = 80 062 % 

Inibal Fill Volume tvol,, = 1069Ogal Final Fill Volume ffv2 = 14290gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Copcentrabon (%LFL) uhh2c2 = 11 751 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Mmmum %LFL wrth Loss of Venblabon 

Time to Reach 25% LFL vnth Loss of Venblabon 

Time to Reach 50% LFL wrth Loss of Venblabon 

Time to Reach 100% LFL wrth Loss of Venblabon 

lh2c2 = 0 069% 

fh2c2 = 0 205 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 205% 

uhfgc2 = 11 751 % 

mmt-hh, = 342 660 % 

Tm% zs%Lm = 7 836 day - 
Tm9 5 0 % ~ ~  = 23 555 day - 
Tm9 l,,,,sbLn = 59 481 day - 

Case 2-ltol dilution of SY-101 to 244-A 
DCRT-without "3-hf mcd 

~~ 

A-2-4 

Process Engineering 
CH2M HILL 
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SUMMARY: 
DCRT 244-A Modified for 244-A DCRT Calculabons based on worst case 
CASE 2 
Reactnnty Coef 0 7 

hydrogen generabon and ammonia tank 241-SY-101 diluted 1 I 
-the inhal condhon of the tank IS 33% full 
-this model calulates the remainder unbl filled to 80% full vvlth 

pumping rate of 20 gpm (Venblabon rate of 3 cfh) 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate vr=3000-  Nltrate Concentrabon NO, = 1400- 
hr llter 

mole NO2 = 1 680- 

rt3 

Saltwell Waste Specific G r a m  p = 1 300 
Nltnte Concentrabon 

Radcolyhc Power of Waste wastepower = 1 579- lb llter 

mole rt Sec" 
Aluminum Concentrabon Al=0710- 

Inhal DCRT H2 Inventory vo~wz = 0000rt~ llter 
0 

gm TOC = 4 140 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no" 

conoLpL_cs,~ = 0 O0O%LFL 

T = 325 350K 

"3 = 18 910%LFLm 

CH, = 0 OOO%LFL, 

Penod 1 

Inhal Flow Rate gal flow = 20 000 - 
m 

Time Pumped at lnital Flow Rate tune = 4 ooohr 
mole fvoLt 
llter tvol 

Hydrogen Carryover Rate gr,l-mollr = 0 OOO - lnlbal Fill Factor - = 33 000% 

or gr,l=OOOO- rt3 

hr 

Penod 2 

gal Second Flow Rate flow, = 20 000- 
m 

Time pumped at Second flow rate lunz = 3 ooohr 

fvo~mt2 Inhal Fill Factor - = 59 893% rt3 Hydrogen Carryover Rate grw1, = 0 000- hr tvol 

Case 2-It01 dilution of SY-101 to 244-A 
DCRT-with "3 hf mcd 

A-2-5 

Process Engineenng 
CH2M HILL 
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OUTPUT SUMMARY: 
Penod 1 

gal lnlbal Flow Rate flow = 20 OOO - 
m 

- 33 000% Inlbal Fill Factor - - t-4lld 

tvol 

Checked by Date u * b d  

Time Pumped at Ink4 Flow Rate tune = 4 OOOhr 

Final Fill Factor ftT=59893% 

Inlbal Fill Volume tvol, = 5890gal Final Fill Volume fi = 10690gal 

lnlbal H2 Concentrabon (%LFL) lhzc = 0 000% 

Final H2 Concentrabon (%LFL) fa20 = 0 069% 

Ulbmate (ss) H2 Concentrabon (%LFL) W c i  = 8 939% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 18 979% 

uhfgci = 27 849% 

Penod 2 

Second Flow Rate flow, = 20 000 Time pumped at Second Flow Rate i d  = 3 ooohr m 

lnlbal Fill Factoi ~ O ~ U U t Z  -- - 59 893 % 
tvol 

Final Fill Factor ftpl=80062% 

Initial Fill Volume tvol, = 10690 gal Final Fill Volume f€v2 = 14290gal 

Inma1 H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) W c 2  = 11 751 % 

Ubmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

lhzc2 = 0 069% 

fa202 = 0 205% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 19 115% 

uhfgc2 = 30 661 % 

LEmt-hhg = 345 497 % 

Tune, 25%Lm. = 0 000 day - 
Tune, ~OJ(LPL = 11 548 day - 
Tune, 1oos6Lm. = 45 091 day - 

Case 2-It01 dilution of SY-101 to 244-A 
DCRT-with NHbhf mcd 

Process Engineering 
CH2M HILL 

,A-2-6 
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Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT... 
I n w t  Data 
Input diameter of DCRT (d) DCRT 244-A Modified for 244-A DCRT Vault Case 

(Venblabon rate of 3 cfh) I to 1 dilubon of SY-I 01 CASE 3 

Input length of DCRT (L) 

Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, i e 1x104) 

-- - 8021 x - 9  3 1 flow flow=2228x 10 A sec 

Higher Input flow rate (:) 

[E) 
-9 3 1 flowz -- - 8021 x flow,= 2228x 10 A sec 

Calculate total DCRT volume (tvol) 
2 

tvol =Ln (+) 
mol= 6202 A3 

Volume of fill a t  start of pumping 

Assume DCRT has flat ends 

tvol,= 1910x IO 3 3  A 

Time at start of pumping rate 2 (MUST be an INTEGER) 
-g?&p* 

&@&%@ 
~ ~ ~ d P r x u  6 

Time at pumping rate 2 

a*** w% 

Volume of fill at start of pumping rate 2 
tvo12 = tvol, + tune flow 

Vault-It01 dilution of SY-101 to 244 A DCRT- 
hf mcd 

tvolz = 1910A3 

4-3-2 
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Mathcad v2000+ 



RPP-4941 Rev 0 Appendix G 

A u t h o r 2  e L Date f,/!J$/Oo Checked by 

V O I ~  = qflagCw = " y e ~ ~ , r n % - ~  (tvol - ~voI,,),voI~] 
0 0 

= 0000fi~ <==== lnlbal volume of H2 in Headspace 
0 

Input Ammonia Concentration 

Input Methane Concentration 
(Reference ) 

End of Input Secbon 

Calculahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = tvol - flow t - fvol,, hvol(1lm) = 4 292 x 103fi3 

Wetted area of full DCRT (hormontal Orientation) (ft2) +ndL=2080f i z  [Eqn 81 

Wetted area of vertically onented DCRT (ft2) 

flow t + tvol, 4 (flow t + tvolm,) 

d + 
Awet(t) = 1715 t? 

Wetted area of full DCRT (vertical Orientation) (ftz) Awet(1lm) = 1 715 x 103fi2 

Awet(0 hr) = 1 715 x 103fi2 

Awet(1 hr) = 1 715 x 103A2 

Check the answers 

Awet(llm) = 1 715 x ldft' 

Vault I to l  dilution of SY-101 to 244 A DCRT- 
hf mod 

A-3-3 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(tme) = mol - flow, tme - lvolmu hvo12(Iun2) = 4 292 x 10%~ [Eqn 41 

Wetted area of vertically onented DCRT (ft2) 

flow2 t + wolmul (;), 4 (flowz t + tvolmu) 
= 1 c  + 

f d\' d 

1 J 
Awet(t) = 1715 $ 

Wetted area of full DCRT (vertical Orientation) (ft2)Awet(Iun2) = 1 715 x id$ 

~Wet(o hr) = I 715 x lo3$ 

Awet(1 h) = 1715 x IO3$ 

Awet(lun2) = 1715000$ 

Check the answers 

Average characterlzations for N O ,  NO,, AI, TOC (molar, molar, molar, gramshiter) 

-1680 -- -0710 -- To' - 4 1 4 0  
NO, NO, 

mole mole mole 
-- -1400 -- 

Vault-ltol dilution of SY-101 to 244 A DCRT- 
hf mcd 

A-3-4 
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SUMMARY: 
DCRT 244-A Modified for 244-A DCRT Vault Case 
CASE 3 (Venblabon rate of 3 cth) 1 to 1 dilubon of SY-101 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate vr=3000- Ndrate Concentrabon NO3 = 1400- 
hr llter 

mole 
NO, = 1 680- 

llter 

fL3 

Saltwell Waste Specific G r a m  p = 1 300 
Nltnte Concentrabon 

Radiolytic Power of Waste wastepower = 1 519 - lb 

mole fi s e d  
Aluminum Concentrabon AI = 0710- 

lnlbal DCRT H2 Inventory volm = 0 ooof? llter 
0 

gm TOC = 4 140 - 
llter 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement 

flag, = "no' 

concLpL_esmo = 0 OOO%LFL. 
Ammonia Concentrabon NH, = 18 9lO%LFL.m 

DCRT Waste Temperature T = 325 350K Methane Concentrabon CH, = 0 000 %LE, 

Penod 1 

-6 gal lnlbal Flow Rate flow = 1 Ooo x 10 - 

Hydrogen Carryover Rate grml-,,,olar = 0 000 - Inhal Fill Factor - = 30 800% 

Time Pumped at lnrtal Flow Rate tune = 1 ooohr 
rmn 

mole tvolut 
llter tvol 

fL3 
or gml= OOOO- 

hr 

Period 2 

Second Flow Rate flow, = 1 000 x 10- - 

fL3 
gm12 = 0 000- 

hr 

6 

rmn 

Hydrogen Carryover Rate 

Vault-ltol dilution of SY-101 to 244-A DCRT- 
hf mcd 

A-3-5 

Time pumped at Second flow rate ha = 1 Ooohr 

- 30 800% lnhal Fill Factor - - "O~mtZ 

tvol 

Process Engineering 
CHZM HILL 
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OUTPUT SUMMARY: 
Penod 1 

Inibal Flow Rate flow = 1 000 x IO - Time Pumped at M a l  Flow Rate tune = 1 00Ohr -6 gal 
rmn 

tvo~mt - - - 30 800% 
tvol 

Inibal Fill Factor Final Fill Factor B = 30 800% 

Inibal Fill Volume tvol, = 14290gal Final Fill Volume ffv = 14290 gal 

lnibal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentraton (%LFL) fh2c = 0 01 1 % Final Flammable Gas Concentration (%LFL) ffgc = 18 921 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 15 340% 

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 34 250% 

Period 2 

Second Flow Rate flow, = 1 000 x IO- - 6 gal 
rmn 

Time pumped at Second Flow Rate lun2 = 1 OOOhr 

- 30 800% Final Fill Factor &2=30800% ~ O ~ I N U  

tvol 
lnibal Fill Factor - - 

lnibal Fill Volume tvol,, = 14290 gal Final Fill Volume f i 2  = 14290gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 15 340 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wlth Loss of Venblabon 

Time to Reach 25% LFL d h  Loss of Venblabon 

Time to Reach 50% LFL d h  Loss of Venblabon 

Time to Reach 100% LFL d h  Loss of Venblation 

1h2c2 = 0 01 1 % 

fh2c2 = 0 022% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 18 932% 

uhfgc2 = 34 250% 

L.FLmt-hhs = 59 080 % 

Tun% 25,Lm = 0 OOOday - 

Tun% 

Tun% 

= 105 619day 
8 = IO 000 x IO day - 

Vault It01 dilution of SY-101 to 244 A DCRT- 
hf mcd 

A-3-6 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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244-BX-DCRT 

CASE 1 

BX-1-1 



SUMMARY: 
Calculabons based on tank 241-BY-106 

-the inlbal condlbon of the tank IS 0% full 
- thls model calculates the remainder unbl fill is ha 
at 80% full wth pumpng rate of 4 gpm 

DCRT 244-BX 
CASE 1 

No ammonia nor methane IS consldered 

INPUT SUMMARY 
General Data 

A3 DCRT Venblabon Rate ~r=3000- 
hr 

mole Nltrate Concentrabon NO3 = 1780- 
llter 

mole NO, = 1 700- 
hter 

Saltwell Waste Specific Gravlty p = 1 3 12 
Nltnte Concentrabon lb Radiolybc Power of Waste ~Bstep~wer = 0 656 - 

mole A sec3 
Aluminum Concentrabon Al= 1480- 

volm = 0 000A3 llter Inlbal DCRT H2 Inventory 
0 

H2 Inventory Based on CGM? flag, = no" TOC Concentrabon gm TOC=2630- 
llter 

CGM Measurement concL~-oF~ = 0 000 %Ln 
Ammonia Concentrabon "3 = 0 OOo%LFL, 

DCRT Waste Temperature T = 320 950 K Methane Concentrabon CH, = 0 000 %LE, 

Penod 1 

Inlbal Flow Rate flow = 4 000- sal 
rmn Time Pumped at M a l  Flow Rate tune = 52 OOOhr 

- 0000% Hydrogen Carryover Rate grml-mo,ar = 5 779 x io- - lnlbal Fill Factor - - 5 mole WOlmt 

llter mol 
A3 or gr,,= 0049- 
hr 

Penod 2 

gal Second Flow Rate flow, = 4 000- 
mln 

A3 Hydrogen Carryover Rate grmlz = 0 049 - 
hr 

Time Pumped at Second Flow Rate = 52 ooohr 

fvolmn - - - 40 240% Inmal Fill Factor 
ivol 

BY-106 to 244 EX-no "3 nor CH4 case 1 hf mcd 

QX-1-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Author & Date l , /2$/ .0  Checked by ,$?, ,Lo,  Date 100 

OUTPUT SUMMARY: 
Penod 1 

Inhal Flow Rate gal flow = 4 000- 
m 

- 0 000% Inhal Fill Factor - - tvo~mt 
tvol 

lnhal Fill Volume 

Inr6al H2 Concentrabon (%LFL) h2c = 0 000% 

tvolmt = o gal 

Time Pumped at Ink4 Flow Rate tune = 52 OOObr 

Final Fill Factor lT=40240% 

Final Fill Volume ffv = 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 2 134% Final H2 Concentrabon (%LFL) fh20 = 2 134% 

Ulbmate (ss) H2 Concentrabon (%LFL) Uhh2ci = 7 168% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 7 168% 

P,eriod 2 
gal Second Flow Rate flow, = 4 000 - Time Pumped at Second Flow Rate h12 = 52 ooohr m 

~ O l m I t 2  - - - 40 240 % 
tvol 

Inha1 Fill Factor Final Fill Factor fiT2=80479% 

M a l  Fill Volume tvolmu = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inr6al H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lh2c2 = 2 134% 

Wc2 = 6 962% Final Flammable Gas Concentrabon ffgc2 = 6 962% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Uhh202= 12202% uhfgc2= 12202% 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL Wh Loss of Venblabon Tme, 25J(LpL = 12 815 day 

Time to Reach 50% LFL wth Loss of Venblabon Tme, 50%Lm. = 40 461 day 

Time to Reach 100% LFL wth Loss of Venblabon Tune, loo%Lm. = 110 538 day 

Ln,-hhg = 220 979 % 

- 

- 

- 

BY-106 to 244 BX-no "3 nor CH4 case I-hf mcd 
Process Engineenng 

CH2M HILL 
Mathcad V2000+ BX-1-3 



RPP-4941 Rev 0, Appendix 0 

Author 08- 6 ,%k&-~- Date I la !do* Checked by Date ll'2b 10, 
B 

Calculabons based on tank 241-BY-I06 
-the inhal condhon of the tank is 0% full 
- thls model calculates the remainder unbl fill is h t  
at 80% full wth pumping rate of 4 gpm 

No ammonia nor methane is consldered 
Time to 95% of steady state after fill 
Starbng point is "BY-I 06 to 244-BX-no NH3 nor 
CH4 mcd 

DCRT 244-8): 
CASE 1 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate vr=3OOO- Nltrate Concentrabon NO, = 1780- 
B3 
hr llter 

mole NO, = 1 700- 
llter 

Saltwell Waste Speafic G r a m  p = 1 312 
NWte Concentrabon Ib Radiolybc Power of Waste wastepower = 0 656 - 

B sec" mole Aluminum Concentrabon AI= 1480- 
Inhal DCRT H2 Inventory voiHz 0 = o 00011~ llter 

H2 Inventory Based on CGM? flag, = "no" gm TOC Concentrabon 

Ammonia Concentrabon 

TOC = 2 630- 
llter 

CGM Measurement con~m-cpo = 0 000 %LFL 
"3 = 0 OOO%Ln,,  

DCRT Waste Temperature T = 320 950K Methane Concentrabon CH, = 0 OOO%LFL, 

Penod 1 

Inhal Flow Rate gal flow = 4 000- 
nnn 

Time Pumped at M a l  Flow Rate tune = 104 Oooh 

5 mole @JoLlt Hydrogen Carryover Rate gml-molm = 5 779 x IO- - Inhal Fill Factor - = o 000% 
llter tvol 

B3 
or grm,=0049- 

hr 

Period 2 

Second Flow Rate flow, = 1 OOO x 10- - Time Pumped at Second Flow Rate 

- 80 479% lnhal Fill Factor - - 

lun2 = 577 000 hr 6 gal 
mm 

"0~mdZ 8 B3 Hydrogen Carryover Rate grmn = 1 220 x 10- - 
hr tVOl 

244-EX-Case 14gpm BY-106 to 244-EX-no 
"3 nor CH4 time to 95% ss-hf mcd 

Process Engineenng 
CH2M HILL 

BX-1-4 Mathcad V20005 
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RPP-4941 Rev 0 Appendix G 

OUTPUT SUMMARY: 
Penod I 

gal lnbal Flow Rate flow = 4 OOO- 
rmn 

- 0000% lnbal Fill Factor - - wo4Nt 

tvol 

Time Pumped at lnltal Flow Rate tune = 104 OOOhr 

Final Fill Factor iT= 80479% 

lnbal Fill Volume tvol, = 0 gal Final Fill Volume EV = 24960 gal 

Inbal H2 Concentration (%LFL) lh2c = 0 000% 

Final H2 Concentration (%LFL) fh2c = 6 962% Final Flammable Gas Concentrabon (%LFL) ffgc = 6 962% 

Ultimate (ss) H2 Concentration (%LFL) W c l =  12 202% 

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 12 202 % 

Penod 2 

Second Flow Rate flow, = 1 OOO x 10- 6 - gal 

lnbal Fill Factor 

Time Pumped at Second Flow Rate lunz = 577 000 hr 
rmn 

Final Fill Factor ftpL = 80 479% 
tvOl*tz 

tvol 
- = 80 479% 

lnbal Fill Volume tvol,,,,, = 24960 gal Final Fill Volume ffv;! = 24960 gal 

lnbal H2 Concentration (%LFL) 

Final H2 Concentrabon (%LFL) 

1h2c2 = 6 962% 

fh2c2 = 11 591 % Final Flammable Gas Concentrabon ffgc2 = 11 591 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL) 

uhh2c2 = 12 202% 

Maximum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon T r n ~  zs%Lm. = 12 815 day 

Time to Reach 50% LFL wth Loss of Venblabon T ~ Q  = 40 460 day 

Time to Reach 100% LFL wth Loss of Venblabon Trne, 

ullfgc2 = 12 202% 

LFLm,,,, = 220 980% 

- 

- 
= 110 537 day - 

244-BX Case l4gpm-BY-106 to 244-BX-no 
"3 nor CH4-time to 95% ss-hf mcd 

BX-1-5 

Process Englneenng 
CH2M HILL 

Mathcad V2000+ 



SUMMARY: 
DCRT 244-BX Calculabons based on tank 241-BY-106 
CASE I -the inhal condhon of the tank is 0% full 

-this model calculates the remainder unbl fill is hlt 
at 80% full wth pumping rate of 8 gpm 

No ammonia nor methane is consldered 
Time to 95% of steady state after fill 
Input from end of inhal fill-"BY-106 to 244-BX-no NH3 nor CH4 mcd" 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate vr=3OOO- Nrtrate Concentrabon NO3 = 1780- 
hr hter 

mole NO, = 1 700- 
llter 

ft3 

Saltwell Waste Specific Grawty p = 1 312 
Nltnte Concentrabon Ib Radiolybc Power of Waste wastepower = 0 656 - 

mole A sec3 
3 Aluminum Concentrabon Al= 1480- 

lnrbal DCRT H2 Inventory volm 0 = 0000ft llter 

gm TOC Concentrabon TOC=2630- 
llter 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

uxqm csmo = 0 000 % L E  

T = 320 950K 

- 
"3 = 0 000 % L E M ,  

CH, = 0 000 %a, 

Penod 1 

gal lnbal Flow Rate flow = 8 000- 
rmn 

Time Pumped at lnltal Flow Rate m e  = 52 OoOhr 

- 0 000% Hydrogen Carryover Rate p ~ ~ ~ - ~ ~ ~ ~  = 5 779 x io- - lnhal Fill Factor - - 5 mole tVol,t 
hter tvol 

or grmi= 0098- A3 

hr 

Penod 2 

Second Flow Rate flow, = 1 OOO x 10- - Time Pumped at Second Flow Rate 

lnhal Fill Factor 

lun2 = 595 000 hr 6 Sal 
mm 

@ O L t Z  - - - 80 479% 8 fi3 Hydrogen Carryover Rate gr,, = 1 220 x 10- - 
hr tVOl 

244 BX-Case 1 8gpmBY-106 to 244 BX no 
"3 nor CH4 time to 95% ss hf mcd 

BX-1-6 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



OUTPUT SUMMARY 
Penod 1 

Inbal Flow Rate Time Pumped at lnltal Flow Rate tnpe = 52 oooh gal flow = 8 000 - 
rmn 

- 0000% Final Fill Factor lV= 80479% ~ O L t  lnbal Fill Factor - - 
tvol 

lnbal Fill Volume tvolmt = Ogal Final Fill Volume ffi = 24960 gal 

lnbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) 5I2c = 6 596% Final Flammable Gas Concentrabon (%LFL) ffgc = 6 596% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 12 202% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 12 202% 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - Time Pumped at Second Flow Rate lun2 = 595 oooh 6 gal 
rmn 

- 80 479% Inaal Fill Factor - - @foLllt2 
tvol 

Final Fill Factor fED=80479% 

lnbal Fill Volume tv~ l , , , , ~  = 24960 gal Final Fill Volume Ev2 = 24960 gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h202 = 6 596% 

512~2 = 11 591 % Final Flammable Gas Concentrabon ffg02 = 11 591 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2= 12202% uhfgc2= 12202% 

Malamum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon Tune, 25%LpL = 12 815 day 

Time to Reach 50% LFL wth Loss of Venblabon Tune, 50- = 40 460day 

Time to Reach 100% LFL M h  Loss of Venblabon Tme, ,oosbLFL = 110 537 day 

L.FL,mt-hb8 = 220 980 % 

- 

- 

- 

244 EX-Case 1-Bgpm-BY-106 to 244-EX-no 
"3 nor CH4 time to 95% ss hf mcd 

BX-1-7 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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RPP-4941 Rev 0 Appendlx  G 

244-BX-DCRT 

CASE 2 

BX 2-1 



Date [\,?,b[w 
RPP-4941 Rev 0 Appendix G 

A u t h o r s  P Date 1,/.2~/00 Checked by 

SUMMARY: 
DCRT 244-BX 
CASE 2 

Calculabons based on tank 241-BY-106 
-the inbal condbon of the tank is 0% full 
-this model calulates the remainder unbl fill IS h t  
at 80% full vvlth pumping rate of 4 gpm 

No ammonia nor methane is considered 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate vr=3m- Nitrate Concentrabon NO3 = 1780- 

hr hter 

mole NO2 = 1 700- 

tf 

Saltwell Waste Specific G r a m  p = 1 312 
Nlmte Concentrabon 

lb hter Radiolvbc Power of Waste waSteDower = 0 656 - 
mole fi seG3 

lnbal DCRT H2 Inventory volm = 0 OOOfi hter 
3 Aluminum Concentrabon AI = 1480- 

0 

gm TOC = 2 630- 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement = 0 00O%LFL 

DCRT Waste Temperature 

flag, = "no" 

"3 = 0 000 %L.FLm 

CH, = 0 000 %LFLa4 T = 320 950 K 

Penod I 

gal flow = 4 OOO- lnbal Flow Rate 
mm 

Time Pumped at lntal Flow Rate tune = 52 OOOhr 

5 mole tvol, 
Hydrogen Carryover Rate grw,-molm = 5 779 x 10- - lnbal Fill Factor - - - 0000% 

hter tvol 
or grwl=O049- fi3 

hr 

Penod 2 

Pal Second Flow Rate flow, = 4 000- 
nun 

Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

"O~mtz lnhal Fill Factor - = 40 240% fi3 Hydrogen Carryover Rate gw12 = 0 049- 
hr tvol 

BY-I06 to 244 BX no "3 nor CH4-case 2 
hf mcd BX-2-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Author& P Date I / 2 6 / 0  6 Checked by 

OUTPUT SUMMARY: 
Penod 1 

lnbal Flow Rate gal flow = 4 000- 
rmn 

- 0 000% Inbal Fill Factor - - ~ O L U t  

tvol 

Inbal Fill Volume tvol, = Ogal 

Inbal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 2 134% 

Time Pumped at M a l  Flow Rate tune = 52 oook 

Final Fill Factor lTf = 40 240% 

Final Fill Volume fi= 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 2 134% 

Ulbmate (ss) H2 Concentrabon (%LFL) WCI = 7 168% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 7 168% 

Penod 2 

Second Flow Rate flow, = 4 000- Time Pumped at Second Flow Rate i d  = 52 O O O k  gal 
rmn 

Inbal Fill Factor - - - 40 240% Final Fill Factor f%2=80479% 
~OlrntZ 

tvol 

lnbal Fill Volume tvol,,,,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h2c2 = 2 134% 

W c 2  = 6 962% Final Flammable Gas Concentrabon ffgc2 = 6 962% 

Ulbmate (ss) H2 Concentrabon (%LFL) Uhmate (ss) Flammable Gas Concentrabon (%LFL) 

W c 2 =  12202% uhfgc2= 12202% 

Maximum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Ventilation Tim9 zss6Lm. = 12 815 day 

Time to Reach 50% LFL wth Loss of Venblabon Tun9 5M(LFz = 40 461 day 

Time to Reach 100% LFL W h  Loss of Venblabon Tune, loowLpL = 110 538 day 

LF'L,-,-h8 = 220 979% 

- 

- 

- 

BY-106 to 244 BX-no "3 nor CH4 case 2- 
hf mcd 

,BX-2-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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CASE 3 
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RPP-4941 Rev 0 Appendix G n 
Author& P %&&.L-. Date !/as//o6 Checked by \ R L  ate 

Y 
DCRT 244ax 
Case 3 

Ni" I 281 ITotal Pressure in Vapor Space latm 1 
K.' 1pg/ml 89251 lVentilation Flow Rate for Receiving Tank 1 cfm 0 05 

$X-3-2 



DCRT 244 BX 
Case 3 

BX-3-3 



Equll "3 Conc in Vapor Space 
I I I I I 

1 Variable I Variable I Variable I 
I I Deltac I Deltac I Deltac I 

Max "3 Conc Based on Hmfy% 
2 27 ?4 Law Constant 

BX-3-4 



RPP-4941 Rev 0 Appendix G 

Author & c = & L m -  Date {by66 Checkedby&h % Date b"' 
SUMMARY: 

DCRT 244-EX 
CASE 3 

Calculations based on tank 241-BY-106 
-the inlbal condlbon of the tank is 0% full 
-this model calulates the remainder unbl fill is hfi 
at 80% full WN, pumpmg rate O f  4 gpm 

Ammonia and methane are considered 

INPUT SUMMARY 

mole 
DCRT Venblabon Rate ~ = 3 0 0 0 -  Nltrate Concentrabon NO3 = 1780- 

hr llter 

mole 
NO2 = 1 700- 

llter 

f? 

Saltwell Waste Spectfic Gravlty p = 1 312 

Radiolytic Power of Waste 
Ntnte Concentrabon 

waSteDower = 0 656 - lb 

mole t sea' 
Aluminum Concentrabon Al= 1480- 

Inlbal DCRT H2 Inventory volm 0 = oOOOt3 hter 

gm TOC Concentrabon TOC=2630- 
llter 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

conk,, Esmo = 0 000 %L.FL 

T = 320 950K 

- 
Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 14 660 %E, 

cy, = 0 550 %LFLa4 

Penod 1 

Inlbal Flow Rate gal flow = 4 000- 
mm 

Time Pumped at lnltal Flow Rate bme = 52 OOOhr 

- 0 000% Hydrogen Carryover Rate g~+,,,,,~ = 5 779 x 10- - Inlbal Fill Factor - - 5 mole tvoLllt 
hter tvol 

or g,,= 0049- A3 
hr 

Period 2 

gal Second Flow Rate flow, = 4 OOO- Time Pumped at Second Flow Rate 

lnlbal Fill Factor 

i d  = 52 O O O h  
mm 

" O L t 2  - = 40 240% 
A3 Hydrogen Carryover Rate g,,, = 0 049- 
hr tvol 

BY-106 to 244 BX-wtth NH3 and CWcase 3 
4gpm hf mcd BX-3-5 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Author Oa e U0-- Date 11290 

OUTPUT SUMMARY 
Penod 1 

Initial Flow Rate gal flow = 4 000- 

tvOl,t 

m 

- 0000% Inibal Fill Factor - - 
tvol 

M a l  Fill Volume tvol, = Ogal 

Time Pumped at lnltal Flow Rate bme = 52 OOOhr 

Final Fill Factor B = 4 0 2 4 0 %  

ffv = 12480 gal Final Fill Volume 

Final Flammable Gas Concentration (%LFL) ffgc = 17 344% 

Initial H2 Concentration (%LFL) lh2c = 0 000% 

Final H2 Concentration (%LFL) fh20 = 2 134% 

Ultimate (ss) HZ Concentrabon (%LFL) M c l =  7 168% 

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 21 828% 

Penod 2 
gal Second Flow Rate flow, = 4 000- 
m 

tvoLUt2 Initial Fill Factor - - - 40 240% 
ivol 

Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

Final Fill Factor B 2 = 8 0 4 7 9 %  

Initial Fill Volume tvol,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Initial H2 Concentration (%LFL) 

Final H2 Concentration (%LFL) 

lh2c2 = 2 134% 

fh2c2 = 6 962% Final Flammable Gas Concentration ffg02 = 22 172% 

Ultimate (ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL) 

W C 2  = 12 202 % uhfgc2 = 26 862 % 

Maximum %LFLvvlth Loss ofventilation 

Time to Reach 25% LFL wth Loss of Ventilabon Tun% 255bLn = 0 OOOday 

Time to Reach 50% LFL wth Loss of Ventilabon Tune, 509bLpL = 23 796 day 

Time to Reach 100% LFL wth Loss of Ventdabon Tun% loowLn = 87 367 day 

223 178% 

- 

- 

- 

BY-I06 to 244 EX with "3 and CH4-case 3 
4gpm hf mcd .BX-3-6 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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DCRT 244 BX 
Case 3 
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DCRT 
Case 
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RPP-4941 Rev 0 

Author Date- Checked by.&-h 
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3 
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SUMMARY: 
DCRT 244-BX 
CASE 3 
wsu 

Calculabons based on tank 241-BY-106 
-the inhal condhon of the tank 1s 0% full - thls model calulates the remainder unbl fill is h t  

at 80% full \Nlth pumping rate of 4 gpm 
Ammonia and methane are considered WSU 
model 

INPUT SUMMARY: 
General Data 

it3 DCRT Venblabon Rate ~ = 3 0 0 0 -  
hr 

mole NO3 = 1 780- 
llter 

Nltrate Concentrabon 

mole NO, = 1 700- 
llter 

Saltwell Waste Specnic GraW p = 1 312 
Nltnte Concentrabon Ib Radiolybc Power of Waste W ~ S ~ ~ ~ O W W  = 0 656 - 

mole ff sec3 
Aluminum Concentrabon Al= 1480- 

lnhal DCRT H2 Inventory volm 0 = 0 omd llter 

gm TOC Concentrabon TOCz2630- 
hter 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = no" 

conq,m = 0 000 %rn - 
Ammonia Concentrabon 

Methane Concentrabon 

N H s  = 3 740%LFL, 

CH, = 0 550%Ln, T = 320 950 K 

Penod 1 

lnltial Flow Rate gal flow = 4 000- 
rmn 

Time Pumped at lnltal Flow Rate tune = 52 0006r 

5 mole tvoLut Hydrogen Carryover Rate gml-molm = 5 779 x 10- - Inha1 Fill Factor - - - 0000% 
llter tvol 

or gml=Oo49-  ff3 

hr 

Penod 2 

Second Flow Rate flow, = 4 000 - gal 
rmn 

~ 

Time Pumped at Second Flow Rate hn2 = 52 OOOhr 

tvo~vol,l2 M a l  Fill Factor - - - 40 240% 
d Hydrogen Carryover Rate grmn = 0 049- 
hr tvol 

BY-106 to 244 BX-with "3 and CH4-case 3- 
4gpm-WSU hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
PX-3-10 
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B 

OUTPUT SUMMARY 
Penod 1 

lnibal Flow Rate flow = 4 000 - 
rmn 

OOOO% lnibal Fill Factor - = 
w l u t  

mol 

Inibal Fill Volume molol,, = Ogal 

lnibal H2 Concentrabon (%LFL) th2c = 0 000% 

Final H2 Concentrabon (%LFL) f h k  = 2 134% 

Time Pumped at lnltal Flow Rate tune = 52 Oooh 

Final Fill Factor iT=40240% 

Final Fill Volume EV = 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 6 424% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

W c l =  7 168% 

ubfgcl = 10 908% 

Penod 2 
gal Second Flow Rate flow, = 4 ooo- 
rmn 

WOLtn - = 40 240% Inha1 Fill Factor 
NO1 

Time Pumped at Second Flow Rate I d  = 52 OOOhr 

Final Fill Factor fEl=80479% 

M a l  Fill Volume tvolVol,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

UCZ = 2 134% 

iUc2 = 6 962% Final Flammable Gas Concentrabon ffgc2 = 11 252% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2= 12202% uhfgc2 = 15 942 Yo 

Maxrmum %LFLvvlth Loss ofvenblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tune, z50LpL = 8 986day 

Time to Reach 50% LFL vvlth Loss of Venblabon Tune, 

Time to Reach 100% LFL vvlth Loss of Venblabon T n q  looyam = 104 370 day 

LFLmt-h,, = 221 540% 

- 
= 36 077day - 

- 

BY 106 to 244-BX-with "3 and CH4 case 3- 
4gpm WSU-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Author 06, e &&- Date I , i 2 $ / 6 0  Checked by 
lf 

SUMMARY: 
DCRT 244-BX 
CASE 4 

Calculations based on tank 241-BY-I06 
-the inbal condrbon of the tank IS 0% full 
- t h ~ ~  model calulates the remainder unbl fill is h t  
at 80% full wth pumpng rate of 8 gpm 

Ammonia and methane are consldered 

INPUT SUMMARY: 
General Data 

A3 
DCRT Venblabon Rate vr=3ooo- 

h 
mole Ntrate Concentrabon NO3 = 1780- 
llter 

Saltwell Waste Speafic Gravlty p = 1 312 mole NO, = 1 700- 
hter 

Ntnte Concentrabon Ib Radiolybc Power of Waste wastepower = 0 656 - 
mole A sec3 

Aluminum Concentrabon AI= 1480- 
Inbal DCRT H2 Inventory volm 0 = 0 emf? hter 

H2 Inventory Based on CGM? flagcm = 'no" gm TOC Concentrabon TOC = 2 630- 
hter 

CGM Measurement concLa_esmo = 0 OOO%LFL 
Ammonia Concentrabon NHs = 14 660 %LF'Lm 

DCRT Waste Temperature T = 320 950K Methane Concentrabon CH, = 0 550%LF'Lm4 

Penod 1 

Inbal Flow Rate flow = 8 000- gal 
rmn Time Pumped at lnltal Flow Rate tme = 26 ooohr 

- 0 000% Hydrogen Carryover Rate gr,i-mi, = 5 779 x io- - Inbal Fill Factor - - 5 mole tvoLlt 
hter tvol 

or gr,l=OO98- fi3 

hr 

Penod 2 

gal Second Flow Rate flow, = 8 ooo- 
nnn 

Time Pumped at Second Flow Rate lun2 = 26 oooh 

M a l  Fill Factor - tvoLllol,, - - 40 240 % 
A3 

hr tvol 
Hydrogen Carryover Rate grWl2 = 0 098- 

BY-106 to 244-BX with "3 and CH4case 4 
8gpm-hf mcd 

BX-4-2 

Process Engineenng 
CHZM HILL 

Mathcad VZOOOt 
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OUTPUT SUMMARY: 
Penod 1 

lnlbal Flow Rate gal flow = 8 000- 
rmn 

- 0 000% Inha1 Fill Factor - - ~ 0 1 m t  

tvol 

Inlbal Fill Volume tvol, = 0 gal 

lnlbal H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) W ~ C  = 2 046% 

Time Pumped at lntal Flow Rate tune = 26 OOOh 

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume &= 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 17 256 % 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l =  7 168% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 828% 

Penod 2 
gal Second Flow Rate flow2 = 8 OOO- Time Pumped at Second Flow Rate h d  = 26 O O O ~  rmn 

- 40 240% ~ O ~ v O l , t z  lnlbal Fill Factor - - 
tvol 

Final Fill Factor B 2 = 8 0 4 7 9 %  

Inlbal Fill Volume tvol,,,,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

M a l  H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Mc2 = 2 046% 

W2c2 = 6 596% Final Flammable Gas Concentrabon ffgc2 = 21 806% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

W c 2  = 12 202% uhfgc2 = 26 862 % 

Mammum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL vvlu, Loss of Venblabon Tm% 25wm = 0 000 day 

Time to Reach 50% LFL wth Loss of Venblabon Tune, 

Time to Reach 100% LFL wth Loss of Venblabon Tm% ,oosbLFL = 87 367 day 

LFLmt-,h,, = 223 178% 

- 
= 23 796 day - 

- 

BY-106 to 244-BX with "3 and CH4 case 4 
8gpm hf mcd 

BX-4-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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CASE 5 
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Date /,/d$/r20 Checked by 2.1  Date \[?&la3 

SUMMARY 
DCRT 244-BX 
CASE 5 

Calculabons based on tank 241-BY-106 
-the inbal condbon of the tank is 0% full 
-this model calculates the flammable gas concentrat~on in 
the DCRT headspace at 80% full from an inbal pumpng rate 
Of 4 gpm (to 40% full) followed by an 
- immediate change in pumpng rate to 4 gpm wth no chance 
to come to steady state H2 concentrabon 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate w=3OOO- Nltrate Concentrabon NO3 = 1 780- 

hr llter 

mole NO, = 1 700- 

fi3 

Saltwell Waste Speclfic Grawly p = 1 312 
Nltnte Concentrabon 

Ib hter Radiolybc Power of Waste waste pow^ = 0 656 - 
mole ft sec5 

Aluminum Concentrabon AI = 1480- 
lnbal DCRT Hz Inventory vo~nz = o 000fi3 hter 

0 

TOC = 2 630- gm 

NH3 = 0 OOO%LFz~ 

TOC Concentrabon 

Ammonia Concentrabon 

H2 inventory Based on CGM? 

CGM Measurement 

flag, = "no" 

c o n ~ - o F o  = 0 000 %LFz 
llter 

DCRT Waste Temperature T = 320 950K Methane Concentrabon CH, = 0 000 %LFL(.Jd 

Penod 1 

M a l  Flow Rate gal flow = 4 OOO- 
rmn 

Time Pumped at M a l  Flow Rate tune = 52 OOOhr 

- OOOo% Hydrogen Carryover Rate gr,l_malar = 5 779 x 10- - lnbal Fill Factor - - 5 mole t N l u t  

hter tvol 

Period 2 

gal Second Flow Rate flow, = 4 000- 
rmn 

Time Pumped at Second Flow Rate I I IU~ = 52 OOOhr 

~ O ~ r n I z  lnbal Fill Factor - - - 40240% 
rt3 Hydrogen Carryover Rate grm12 = 0 049- 
hr tvol 

BY 106 to 244-BX-H2 case 5 hf mcd 
BX-5-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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/ 

OUTPUT SUMMARY 
Penod 1 

Inbal Flow Rate gal flow = 4 000- 
rmn 

- 0 000% Inbal Fill Factor - - ~ 0 4 N t  

tvol 

lnbal Fill Volume tv01,  = Ogal 

Intbal H2 Concentrabon (%LFL) lhzc = 0 000% 

Final H2 Concentrabon (%LFL) fhzc = 2 134% 

Time Pumped at lnttal Flow Rate tune = 52 0001~ 

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume fi = 12480 gal 

Final Flammable Gas Concentraton (%LFL) ffgc = 2 134% 

Ulbmate (ss) H2 Concentrabon (%LFL) Uhhzcl= 7 168% 

Ulbmate (ss) Flammable Gas Concentraton (%LFL) Wgcl = 7 168% 

Penod 2 
gal Second Flow Rate flow, = 4 000 - 

h 4 l l l U  

tvol 

Time Pumped at Second Flow Rate lun2 = 52 ooohr m 

- 40 240% Final Fill Factor flD=80479% lntbal Fill Factor - - 

lnbal Fill Volume tv~l,,,,~ = 12480 gal Final Fill Volume ffi2 = 24960 gal 

lntbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

1h2c2 = 2 134% 

W c 2  = 6 962% Final Flammable Gas Concentrabon ffgc2 = 6 962% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2c2 = 12 202% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2= 12202% 

Maxrmum %LFL wlth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tm% 250Ln = 12 815 day 

Time to Reach 50% LFL wth Loss of Venblabon Tm%-soJbLa = 40 461 day 

Time to Reach 100% LFL wlth Loss of Ventlabon Tm- Iw%LpL = 110 538 day 

L.FL,-hhg = 220 979% 

- 

- 

BY 106 to 244-BX-H2 case 5 hf mcd 

BX-5-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Date [ ( d Q D  

RPP-4941 Rev 0 Appendix G 

Author,& , ,  Rod- Date l)26/6& 

Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT.. . 
InDut Data 

DCRT 244-8): Input diameter of DCRT (d) CASE 

Input length of DCRT Q 

Modified for 244-BX DCRT Vault Case 
(Venblabon rate of 3 cfh) Use Verbcal 

DCRT for model Wetted surface area set 
at1302sq R 

Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

8021 x lo-' flow flow=2228x ~ o - ~ A ~ ~ ~  -- 

Higher Input flow rate 

-9 3 I flowz -- - 8021 x flow, = 2 228 x 10 A sec 

Calculate total DCRT volume (tvol) 
2 

tvol = L n  (t) . _  
Assume DCRT has flat ends 

tvol= 11363A3 

Volume of fill at start of pumping 

tv0lmt = 3 3 18 x 103fi3 

Time at start of pumping rate 2 (MUST be an INTEGER) 

Time at  pumping rate 2 

Volume of fill at start of pumping rate 2 

tvol, = tvo l ,  + tune flow 

1 

Vault-BY-106 to Z44-BX DCRT-hf mcd 

tv012 = 3318rt3 

BX-6-2 

Process Engineering 
CHZM HILL 

Mathcad v2000+ 
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Author& e%- Date ,“~/oo 

volm = qflagop = “yes” , C O I I ~ - ~ ~  (tvol - tv01~, ) ,vo l~]  

voim = o 00011~ 
0 0 

<==== Inmal volume of H2 in Headspace 
0 

Input Ammonia Loncentration 

Input Methane Concentration 

End of InDut Sechon 

Calculations: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = tvol - flow t - tvolmt hvol(1m) = 8 045 x 103fi3 

Wetted area of full DCRT (honzontal onentation) (ftz) 

Wetted area of vertically oriented DCRT (ft2) 

+ndL=4014f i2  [Eqn 81 

flow t + tvol, 2 4 (flow t + tvolmt) 
d 

Awet(t) = 1302 2 

Wetted area of full DCRT (vertical onentation) (ftz) Awet(lun) = 1 302 x ldfi* 

Awet(0 hr) = 1 302 x 103fi2 

Awet(1 hr) = 1302x 103fi2 

Check the answers 

Awet(1m) = 1 302 x ldfi2 

Vault-BY-I06 to 244 BX DCRT-hf mcd 

[Eqn 81 

IEqn Ql 

BX-6-3 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(trme) = Wol - flow, m e  - WolmO hv012(lun2) = 8 045 x l d e 3  IEqn 41 

Wetted area of vertically oriented DCRT (ftz) 

flow, t + W0lmQ 2 4 (flow, t + tvolmn) 
d 

Awet(tt2) = 1302 I? [Eqn Ql 

Wetted area of full DCRT (vertical onentation) (ft2)Awet(l.nz) = 1 302 x 103A2 

Awet(0 hr) = 1 302 x IO3$ 

Awet(1 hr) = 1 302 x lo3$ 

Awet(lun2) = 1302 OOOi? 

Check the answers 

Average charactenzations for NO,, NO,, AI, TOC (molar, molar, molar, gramshiter) 

-1700 -- -1480 -- To' - 2630 -1780 -- No, No, 
mole mole mole 

-- 

Vault-BY-106 to 244-BX DCRT hf mcd 

BX-6-4 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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DCRT 244-BX Modified for 244-BX DCRT Vault Case 
CASE 6 (Venblabon rate of 3 cfh) Use Verbcal 

SUMMARY 

DCRT for model Welted surface area set 
at 1302 sq R 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate w=3OOO- Nltrate Concentrabon NO3 = 1780- 

hr llter 

mole NO, = 1 700- 

A3 

Saltwell Waste Specific G r a m  p = 1 3 12 
Nltnte Concentrabon 

lb llter Radiolybc Power of Waste wastepower = 0 656 - 
mole A secJ 

Aluminum Concentrabon Al= 1480- 
lnlbal DCRT H2 lnventoly volHz = o 0 0 0 ~ ~  llter 

0 

gm TOC Concentrabon TOC=2630- 
llter 

H2 lnventoly Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no" 

conq,m-o,,, = 0 000 %LE 

T = 320 950K 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 14 660%Ln"3 

CH4 = 0 OOO %LFL, 

Period 1 

lnlbal Flow Rate flow = 1 OOO x 10 - -6 gal 
mm 

Time Pumped at M a l  Flow Rate tune = 1 OOOhr 

- 29 200 % 
mole tvolmt Hydrogen Carlyover Rate grm,-m,,,u = 0 000 - lnlbal Fill Factor - - 
llter tvol 

or g r , , = O O 0 O -  A3 
hr 

~ 

Period 2 

Second Flow Rate flowz = 1 000 x IO- 6 - gal 

Hydrogen Carlyover Rate 

Time pumped at Second flow rate lun2 = 1 ooohr 
mln 

"O~mtZ Inlbal Fill Factor - - - 29200% 
A3 grWn = 0 000 - 
hr tvol 

Vault-BY-I06 to 244-BX DCRT-hf mcd 

,BX-6- 5 

Process Engineenng 
CH2M HILL 

Mathcad v2000+ 
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OUTPUT SUMMARY: 
Penod 1 

Inhal Flow Rate flow = 1 000 x 10 - Time Pumped at lnltal Flow Rate tune = 1 OOOhr -6 gal 
rmn 

- 29 200% Final Fill Factor 5T=29200% tvolmt 
tvol 

lnhal Fill Factor - - 

Inhal Fill Volume tvol,, = 24820 gal Final Fill Volume fi = 24820 gal 

Inhal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 5 078 x IOd3% Final Flammable Gas Concentrabon (%LFL) ffgc = 14 665% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 13 545% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 28 205% 

Penod 2 

Second Flow Rate flow, = 1 OOO x 10- - 

tvolmrz 

Time pumped at Second Flow Rate lun2 = 1 OOOhr 6 gal 
rmn 

- 29 200% Final Fill Factor ftpz=29200% Inhal Fill Factor - - 
tvol 

Inhal Fill Volume tv01,~ = 24820 gal Final Fill Volume f i 2  = 24820 gal 

lnhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 13 545 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maximum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon 

h2c2 = 5 078 x 

fh2c2 = 0 010% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 14 670% 

~hfgc2 = 28 205 % 

LFLmt-hhg = 28 994 % 

Tune, 255bLR. = 0 000 day 
8 Time to Reach 50% LFL wth Loss of Venblabon Tune, 50- = 10 000 x 10 day 

8 Time to Reach 100% LFL wth Loss of Venblabon Tun% loo%LpL = 10 OOO x 10 day - 

Vault-BY-I06 to 244 BX DCRT-hf mcd 
BX-6-6 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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SUMMARY: 
DCRT 2 4 4 4  Calculabons based on worst case hydrogen tank 241-SX-105 
CASE 1 and S-107 dissolved hydrogen 

-the inlbal condlbon of the tank is 0% full 
- thls model calulates the remainder unbl filled 
to 80% full Hnth pumping rate of 4 gpm 
Ofenblabon rate of 5 cfh) 

INPUT SUMMARY: 
General Data 

DCRT Venblabon Rate 

Saltwell Waste Specific Gravlty 

Radiolybc Power of Waste 

lnlbal DCRT H2 Inventory 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

fi3 vr=5000- 
hr 

p = 1 468 

~Bstepower = 1 218- lb 

A sec3 
= o 0 0 0 ~ ~  

0 

flag, = "no 

COncLgL csmo = 0 000 %LFL - 

T = 348 150K 

mole NO3 = 2 660 - 
llter 

mole NO2 = 3 100- 
llter 

Nttrate Concentrabon 

Nltnte Concentrabon 

mole Aluminum Concentrabon Al= 1630- 
llter 

&m TOC Concentrabon TOC=3228- 
llter 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 0 OOO%LFL,,, 

CH, = 0 000 %Ln, 

Penod 1 

Inlbal Flow Rate 

- 0 000% Hydrogen Carryover Rate grsol-,,,olar = 1 471 x io- - Inmal Fill Factor - - 

Time Pumped at lnltal Flow Rate tune = 34 ooohr flow = 4 ooo- gal 
rmn 

4 mole tvolmt 

llter tvOl 
fi3 or grml=0135- 
hr 

Penod 2 

Second Flow Rate flow, = 4 000- gal 
mln 

2 Hydrogen Carryover Rate gr,,, = 0 135 - 
hr 

Case 1 Worst Case H2SX-105 8 S 107 
dissolved H2 to 244-S hf mcd 

s-1-2 

Time pumped at Second l o w  rate id = 35 ooohr 

lnlbal Fill Factor - tvoLt2 - - 39825% 
tV01 

Process Engineenng 
CH2M HILL 

Mathcad v 2 O O O t  
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OUTPUT SUMMARY 
Penod 1 

gal Inhal Flow Rate flow = 4 OOO- 
rmn 

-OOOO% lnibal Fill Factor - - tvol*t 
tvol 

Time Pumped at M a l  Flow Rate tune = 34 OOOhr 

Final Fill Factor B=39825% 

Inhal Fill Volume mImt = Ogal Final Fill Volume Ev= 8160gal 

Inbal H2 Concentrabon (%LFL) lhzc = 0 000% 

Final H2 Concentrabon (%LFL) WC = 5 855% Final Flammable Gas Concentrabon (%LFL) ffgc = 5 855% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) d fgc l  = 16 812% 

Penod 2 

Second Flow Rate flowz = 4 OOOG Pal Time pumped at Second Flow Rate llm2 = 35 OOOhr 

lnbal Fill Factor - - - 39825% Final Fill Factor ill2 = 80821 % ~ O L U t 2  

WOl 

lnbal Fill Volume t~ol,,,,~ = 8160gal Final Fill Volume ffv2 = 16560gal 

lnibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxrmum %LFLHnth Loss ofvenblabon 

Time to Reach 25% LFL Hnth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL Hnth Loss of Venblabon 

h2c2 = 5 855% 

tUc2 = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 20 221 % 

dfgc2 = 33 072% 

LFLmt-h%= 1012 x IO3% 

TIIIIQ 25.Am = 0 OOOday - 
Tm% 5oam = 2 306 day - 
Trn~-,,,,, = 9 361 day 

Case 1 Worst Case H2SX-105 8 S 107 
dissolved H2 to 2444 hf mcd S-1-3 

Process Engineering 
C H ~ M  HILL 

Mathcad v2000+ 
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SUMMARY 
DCRT 244-5 Time to get to 95% of SS LFL follovvlng fill Calculabons based on worst 
CASE 1 case hydrogen tank 241-SX-105 and 5-107 dissolved hydrogen 

-the inibal condibon of the tank IS 0% full 
-this model calulates the remainder unhl filled to 80% full Hnth pumping 

rate of 4 gpm Wenblabon rate of 5 cfh) 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate Vr=5000- Nltrate Concentrabon NO3 = 2 660- 
hr llter 

mole NO, = 3 100- 

rt3 

Saltwell Waste Specific GraMy p = 1 468 
Nltnte Concentrabon 

Radiolybc Power of Waste wastepower= 1218- lb llter 

mole ff Sec' 

Inibal DCRT H2 lnventoly volm = O O O o r t  liter 
3 Aluminum Concentrabon AI = 1630- 

0 

gm TOC = 3 228- 
liter 

TOC Concentrabpn 

Ammonia Concentrabon 

H2 lnventoly Based on CGM? 

CGM Measurement 

flag, = "no' 

c o n k  csmo = 0 000 %LFL - 
"3 = 0 OOO%LFLN, 

DCRT Waste Temperature T = 348 150K Methane Concentrabon CH, = 0 000 %LFLm4 

Period 1 

lnibal Flow Rate sal flow = 4 000- 
m 

Time Pumped at lnttal Flow Rate tune = 69 Ooohr 

4 mole tvol*t 
Hydrogen Carlyover Rate gr~i-moiar = 1 471 x IO- - M a l  Fill Factor - - - 0000% 

llkr tvol 
rt3 or grml=0135- 
hr 

Period 2 

Second Flow Rate flow, = 1 000 x 10- 6 - gal 

Hydrogen Carryover Rate grm12 = 3 369 x 10 - 

Time pumped at Second flow rate 

Intial Fill Factor - - 

lunz = 212 OOOhr rmn 

- 8  ff3 ~Olmt2 - 80 821 % 
hr tvol 

Case 14-gpm-Worst Case H2-SX-105 & S-107 
dissolved H2 to 244 S-hf mcd S-1-4 

Process Engineering 
CHZM HILL 

Mathcad v2000+ 
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OUTPUT SUMMARY 
Penod 1 

gal flow = 4 000- M a l  Flow Rate 
nun 

~ O l n t  
tvol 

Inhal Fill Factor - - - OOoo% 

Time Pumped at lnltal Flow Rate tune = 69 O O O h  

Final Fill Factor Ef = 80 821 % 

M a l  Fill Volume tvol, = Ogal Final Fill Volume fi = 16560 gal 

Inlbal H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh2c = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc = 20 221 % 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l =  33 072 % 

Ubmate (ss) Flammable Gas Concentrabon (%LFL) dfgcl = 33 072% 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - Time pumped at Second Flow Rate lun2 = 212 OOOhr 6 gal 
rmn 

80 821 % Final Fill Factor = 80821 % 
tvolmr2 

tvol 
Inlbal Fill Factor - = 

Inlbal Fill Volume tvolol,, = 16560gal Final Fill Volume ffv2 = 16560 gal 

Intbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL vnth Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL with Loss of Venblabon 

lh2c2 = 20 221 % 

fh2c2 = 31 409% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 31 409% 

dfgc2 = 33 072% 

LITmt-,, = 1 012 x lo3% 

Tmq 2sJbLpL = 0 Oooday - 
Tm% 5ooam = 2 306 &y - 
Tun@ loowm = 9 361 day - 

Case 1-4-gpm-Worst Case H2-SX-105 & S-107 
dissolved H2 to 244 S-hf mcd S- 1- 5 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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RPP-4941 Rev 0 Appendix G 

Author 08 e %!&+--- Date 1!.$/7/44 Checked by Date I/&/@ 

SUMMARY: 
DCRT 2444 
CASE 2 S-107 dissolved hydrogen 

Calculabons based on worst case hydrogen tank 241-SX-105 and 

-the inlbal condlbon of the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full vvlth 

pumping rate of 4 gpm (Venblabon rate of 5 cfh) 

INPUT SUMMARY: 
General Data 

f? DCRT Venblabon Rate w = 5 m -  
h 

mole Ntrate Concentrabon N03=2660- 
llter 

Saltwell Waste Specific Gravlty p = 1 468 
mole NO, = 3 100- 
llter 

Ntnte Concentrabon Ib Radiolybc Power of Waste wastepower= 1218- 

mole ft sec3 
Aluminum Concentrabon Al= 1630- 

volHz = o moa3 llter Inlbal DCRT H2 Inventory 
0 

H2 Inventory Based on CGM? flag,,, = 'no" gm TOC Concentrabon TOC=3228- 
llter 

CGM Measurement 

DCRT Waste Temperature 

con~m-cflo = 0 000 %LFL 

T = 348 150 K 
Ammonia Concentration 

Methane Concentrabon 

"3 = 0 000 %LENIu 

CH, = 0 000 %Ln,, 

Penod 1 

Inlbal Flow Rate 

Hydrogen Carryover Rate grml-mola. = 1 471 x 10- - 

Time Pumped at lnnal Flow Rate 

Inlbal Fill Factor 

tune = 34 Ooohr gal flow = 4 000 - 
nul  

4 mole ~ O L I t  

hter tvol 
- = 0 000% 

or grm,=O135- fi3 
h 

Penod 2 

sal Second Flow Rate flow, = 4 000- 
m 

Time pumped at Second flow rate M = 35 oooh 

- 39825% Inmal Fill Factor - - "Olmtz fi3 
hr tvol 

Hydrogen Carryover Rate gmi, = 0 135- 

Case 2-Worst Case H2-SX-105 & S-107 
dissolved H2 to 244 S-hf mcd s-2-2 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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A u t h o r 4  %- Date 11aqod Checked by 

OUTPUT SUMMARY: 
Penod 1 

gal flow = 4 OOO- Inmal Flow Rate 
rmn 

lvolrnt Initial Fill Factor - - - 0000% 
tvol 

Inha1 Fill Volume tvol,= Ogal 

Time Pumped at lnrtal Flow Rate tune = 34 ooohr 

Final Fill Factor iT= 39825% 

Final Fill Volume &= 8160gal 

Initial H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) 820 = 5 855% Final Flammable Gas Concentrabon (%LFL) ffgc = 5 855% 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l =  16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 16 812% 

Penod 2 

gal Second Flow Rate flow, = 4 000- Time pumped at Second Flow Rate lm2 = 35 ooohr rmn 

~ O L n  - - - 39 825% Initial Fill Factor 
lvol 

Final Fill Factor B2 = 80821 % 

Initial Fill Volume tvolrnn = 8160gal Final Fill Volume fR2 = 16560 gal 

Initial H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2~2 = 33 072% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFLWnh Loss of Venblahon 

1h2c2 = 5 855 % 

8 2 ~ 2  = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 20 221 % 

uhfgc2 = 33 072% 

L,FLmt-bhg = 1 012 x IO3 % 

Tm% zswa = 0 OOOday - 
Tun% 5oy,,,m = 2 306 day 

T q  ,ooym = 9 361 day 
- 
- 

Case 2-Worst Case H2-SX-105 & S-107 
dissolved H2 to 244-S hf mcd S - 2 - 3  

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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RPP-4941 Rev 0 Amendix  G 

Source Tank S-107 
Dilution Ratio 0 1  
Receivng Tank 244 S 

DCRT 
Case 

2444 

Correction Factor for Schumpe Model I 

Author& e L Date /,/a+ Checked 

244s 
3 

I 934251 /Total Bubbler Flow Rate k f h  I 
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RPP-4941 Rev IJ Appendix G 

Author& e+ Date4&/0° Checked by & d&@ Date [A/@ 
DCRT 2448 
Case 3 

Ammonia 
Hydrogen 
Methane 

Schumpe Schumpe pure water K moVL(liq) atm "3 
gmoleslL (Iiq ) h (G) KwatedKsait (moUkgwbat HenrysK Part P atm 
5 871 75E-05 -0 0481 2 525027532 29 44631257 9 847670167 5 96258E-06 

2662E-02 3859E+00 7371E-04 1613E-04 0WOE+00 
-6242E-03 5 7 7 0 E m  1131E-03 1655E-04 0WOE+00 

s-3-3 



~~- ~- - 

RPP-4941 Rev 0 Appendix G 

Source Tank sx-102 
Dilution Ratio 0 1  
Receiving Tank 2444 

DCRT 
Case 

2444 

Correction Factor for Schumpe Model 1 

244s 
3 
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DCRT 244-5 
Case 3 
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DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPP-4941 Rev 0 Atmendix G 
Author&. e ALL-- Date /,h$/& Checked b 

2444 
SX-103 
0 1  Correction Factor for Schumpe Model 1 
244 S 

244s 
3 

Specific Gravity 
Total Organic Carbon 
Cs-I 37 
Temperature 

unitless 147 
gll 3 051 
pCilml 440 
OF 161 
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A u t h o r s  e Date $ / 2 q O O  Checked b Date / A b / &  

I 
Mass fracbon water in Iiq 
Liquid densrty (kg/m3) 
T IC)  I 

DCRT 2448 
Case 3 

0 47 Temperature 
1470 000 deg F 

?? 1 el  
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DCRT 
Case 

Source Tank SX-I05 
Dilution Ratio 0 1  
Receiving Tank 244-S 

RPP-4941 Rev 0 Appendix G 

Author e Date{k$/60 Checked b Date /h&b 

2444 

Correction Factor for Schumpe Model 1 

244s 
3 

%HzO 
Specific Gravity 
Total Organic Carbon 
Cs-137 
Temperature 

% 42 87 
unitless I 468 
gll 3 228 
pCiIml 384 
OF 167 

Ni'* 121 ITotal Pressure in Vapor Space I atm I 
K" Iwlml 33751 IVentilation Flow Rate for Receiving Tank I cfm 0 05 
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A u t h o r s  C: ,2J Checked by 

3 

I 
a 

I 
3 
a 

a 

! 
! 

a 
! 

a a a 
a 
a 

&Date 
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DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

- ~~ -~ 

RPP-4941 Rev 0 Appendix G 

sx-102 
01 
2444 

Correction Factor for Schurnpe Model 6 

Author e%,-.- Date&& Checked by d/& Date f h d m  

244s 
3 

Table S3-5 Henry's Law Constant Calculation for Tank SX-102 (2 pages) 
Input Data for Henrys K calculation and the Dynarnlc Spreadsheet 

I I I I  244s I I 
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A u t h o r A e  k Date/h+ Checked by d,& f5 Date f,h$/.O 

DCRT 244s 
Case 3 

Br’ I 799161 0 000E+001 0 0269 I I I 
I I I I [Average 
I 2 1  340088191 I 2130245706] 
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A u t h o r s  P Date /,/2 </bo Checked by Date <A+/@ 

SUMMARY DCRT 244-S Calculabons based on worst case hydrogen tank 241-SX-105 and 
CASE 3 5-107 dissolved hvdroaen 

-the inlbal conifionof the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full vvlth 
pumping rate of 4 gpm (Venblabon rate of 5 cfh) includes ammonia 
from SX-102 and methane from S-I07 

INPUT SUMMARY: 
General Data 

A3 DCRT Venblabon Rate ~ = 5 0 0 0 -  
hr 

Sallwell Waste Specific G r a m  p = 1 468 

Ib Radiolytic Power of Waste w&epoww= 1218- 
A w 3  

lnlbal DCRT H2 Inventory vo~Hz = o 000fi3 
0 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = no" 

= 0 000 %LFz 

T = 348 150K 

mole Nltrate Concentrabon N03=2660- 
llter 

mole Nltnte Concentrabon N02=3100- 
llter 

mole Aluminum Concentrabon Al= 1630- 
llter 

gm TOC = 3 228- 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 72 150 %LFLm 

CH4 = 1 89O%LFL, 

Period 1 

Inha1 Flow Rate 

- 0 000% Hydrogen Carryover Rate gr,,-m,,,, = 1 471 x io- - M a l  Fill Factor - - 

Time Pumped at lnltal Flow Rate tune = 34 ooohr gal flow = 4 000- 
mm 

4 mole ~ O ~ m t  

llter tvol 

Period 2 

Second Flow Rate flow, = 4 000- gal 
mm 

A3 Hydrogen Carryover Rate gr,, = 0 135- 
hr 

Case 3-Worst Case H2-SX-105 8 5-107 
dissolved H2 and SX 102 "3 to 244 S-hf mcd 

Time pumped at Second flow rate = 35 Oooh 

" O L t 2  Inlbal Fill Factor - - - 39825% 
tvol 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author& e %- Date./,,!!$/*& Checked by d d  A&& Date (&h 
/ 

OUTPUT SUMMARY: 
Period 1 

Inltral Flow Rate gal flow = 4 000 - 
m 

Time Pumped at M a l  Flow Rate bme = 34 OOOhr 

- 0 000% Final Fill Factor fEt"=39825% tvolmt Inltral Fill Factor - - 
tvol 

Inltral Fill Volume tvolmt= Ogal Final Fill Volume ffv= 8160gal 

Inbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (OhLFL) 82c  = 5 855 % Final Flammable Gas Concentrabon (%LFL) ffgc = 79 895 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 88 962% 

Period 2 

gal Second Flow Rate flow, = 4 000- Time pumped at Second Flow Rate IUIQ = 35 ooohr 
m 

-39825% Inltral Fill Factor - - t v O L U  

tv01 
Final Fill Factor ftpL = 80821 % 

lnbal Fill Volume t~ol,,,,, = 8160gal Final Fill Volume ffv2 = 1656Ogal 

lnltral H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072% 

Ulhmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wlth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon 

Time to Reach 50% LFL wlth Loss of Venblabon 

1h2c2 = 5 855% 

82c2 = 20 221 % Final Flammable Gas Concentration (%LFL) ffgd = 94 261 % 

uhfgc2 = 105 222% 

LFL,-hhg = 1 023 x lo3% 

Tme, zssbLm. = 0 OOOday - 
Tun9 5oym = 0 000day - 

Time to Reach 100% LFL wlth Loss of Venblabon Tm9-,,,,m = 0 OOOday 

Case 3 Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 244 S hf mcd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author& e %!&&--- Date l , / 2 ! : / 8 0  Checked by 

SUMMARY: DCRT 244-S Calculabons based on worst case hydrogen tank 241-SX-105 and S-107 
CASE 3 dissolved hydrogen 

-the inrbal condhon of the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full vvlth 

pumping 
from 

rate of 4 gpm (Venblabon rate of 5 cfh)-Includes ammonia 
SX-102 (WSU model) and methane from 5-107 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate ~ r = 5 0 0 0 -  Nltrate Concentrabon NO3 = 2660- 
hr llter 

mole Nltnte Concentrabon N0,=3100- 

A3 

Saltwell Waste Specific G r a m  p = 1 468 

Radiolybc Power of Waste W&~DOWW= 1218- lb llter 

mole A sec3 
3 Aluminum Concentration AI = 1630- . llter lnbal DCRT H2 lnventoly volm = 0 oooft 

0 

H2 lnventoly Based on CGM7 flag, = 'no TOC Concentrabon TOC = 3 228- gm 
liter 

CGM Measurement con%m-cmo = 0 000 %LFL 

T = 348 l5OK 

Ammonia Concentrabon 

Methane Concentrabon 

N H 3  = 12 000 %LFL, 

CH, = 1 890%LFLcH4 
DCRT Waste Temperature 

Period 1 

Inhal Flow Rate 

- 0 000% Hydrogen Carryover Rate grsol_mo,rr = 1 471 x 10- - Inhal Fill Factor - - 

Time Pumped at lnital Flow Rate tune = 34 ooohr gal flow = 4 000- 
m 

4 mole ~ O ~ m I t  

llter tvol 
or gr,,= 0 135- A3 

hr 

Period 2 

Second Flow Rate flow, = 4 000- gal 
m 

Time pumped at Second flow rate l d  = 35 ooohr 

t-JO4Nt2 Inibal Fill Factor - = 39 825% 
A3 Hydrogen Carlyover Rate grsOl2 = 0 135 - hr tvol 

Case 3 Worst Case H2 SX-IO5 & S 107 
dissolved H2 and SX-102 "3-WSU to 244-S 
hf mcd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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A u t h o r a  P Date /,/25/00 Checked by Date //26./@ 
/ 

OUTPUT SUMMARY 
Period 1 

gal flow = 4 000 - Initial Flow Rate 
rmn 

tvoLlt - - - 0 000% 
tvol 

Initial Fill Factor 

Inhal Fill Volume 

Initial H2 Concentrabon (%LFL) lh20 = 0 000% 

molol, = 0 gal 

Final H2 Concentrabon (%LFL) fh2c = 5 855% 

Time Pumped at lnltal Flow Rate tune = 34 ooohr 

Final Fill Factor E = 3 9 8 2 5 %  

Final Fill Volume fi = 816Ogal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 19 745% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgci = 28 812% 

Period 2 

Second Flow Rate flow, = 4 000- Time pumped at Second Flow Rate id = 35 Oooh gal 
rmn 

~ O ~ r n t Z  Initial Fill Factor - -39825% - 
tvol 

Final Fill Factor fE2 = 80 821 % 

Initial Fill Volume lvolrno = 8160gal Final Fill Volume f i 2  = 16560gal 

Initial H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maximum %LFLwith Loss ofvenblabon 

Time to Reach 25% LFL wlth Loss of Venblabon 

Time to Reach 50% LFL wlth Loss of Venblabon 

Time to Reach 100% LFL wlth Loss of Venblabon 

lh2c2 = 5 855 % 

W c 2  = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 34 11 1 % 

uhfgc2 = 45 072% 

LFL,t-bhg= 1014 x IO3% 

T u n 9  zsDmLn = 0 OOOday - 
Tun3 5ooLn = 0 667 day 

Tun3 
- 

= 7 633 day - 

Case 3 Worst Case H2SX-105 8, S-107 
dissolved H2 and SX-102 "3 WSU to 244 S- 
hf mcd S-3-19 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author# e &L Date I/+/OO Checked by Date /,/i'+ 
LY 

SUMMARY DCRT 244-S Calculabons based on worst case hydrogen tank 241-SX-105 and 
CASE 4 S-107 dissolved hydrogen 

-the inibal condibon of the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full vvlth 
pumping rate of 4 gpm (Venblabon rate of 5 cfh) Includes ammonia 
from SX-102 and methane from S-107 

INPUT SUMMARY 
General Data 

f13 
DCRT Venblabon Rate Vr=5000- 

hr 
Saltwell Waste Specific Grawly p = 1 468 

Ib Radiolybc Power of Waste wastepower= 1218- 
fi seo3 

lnbal DCRT H2 Inventory voiHz = o 000fi3 
0 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

conq.m-cpo = 0 000 %LFL 

T = 348 150K 

mole Nltrate Concentrabon N03=2660- 
llter 

mole NO2 = 3 100- 
hter 

Nitnte Concentrabon 

mole Aluminum Concentrabon AI = 1630- 
llter 

gm TOC Concentrabon TOCz3228- 
llter 

Ammonia Concentrabon 

Methane Concentration 

NH3 = 72 lSO%LFLw 

CH4 = 1 890%LFLm4 

Period 1 

M a l  Flow Rate gal flow = 4 000- 
rmn 

Time Pumped at lnital Flow Rate time = 34 ooohr 

- 0 000% Hydrogen Carryover Rate graol_molar = 1 471 x io- - Inibal Fill Factor - - 4 mole tvolmt 
hter tvol 

f13 or gr~,,l=~135- 
hr 

Period 2 

Time pumped at Second flow rate lUn2 = 35 ooohr Second Flow Rate flow, = 4 000 - gal 
mm 

fi3 Hydrogen Carryover Rate pmlz = 0 135- 
hr 

Case 4 Worst Case H2 SX-105 8 S-107 
dissolved H2 and SX-102 NH3 to 244 S-4gpm- 
hf mcd 

tv0Ln - - - 39825% lnibal Fill Factor 
tvol 

&4-2 

Process Engineering 
CH2M HILL 

Mathcad v200Ot 
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Checked by Date ( 2 7 b  

OUTPUT SUMMARY: 
Period 1 

Inrbal Flow Rate gal flow = 4 000 - 

~Olmt  - = 0 000% 

rmn 

Inrbal Fill Factor 
tvol 

Inrbal Fill Volume tvol, = 0 gal 

lnmal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) &2c = 5 855% 

Time Pumped at M a l  Flow Rate tune = 34 OOOhr 

Final Fill Factor iV=39825% 

Final Fill Volume fi=816Ogal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 79 895 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 88 962% 

Penod 2 

Second Flow Rate flowz = 4 000- gal Time pumped at Second Flow Rate lun2 = 35 ooohr 
rmn 

-39825% Inrbal Fill Factor - - fJJOlmt2 
bo1 

Final Fill Factor tEpz = 80821 % 

lnbal Fill Volume tvolm, = 8160gal Final Fill Volume f i 2  = 16560gal 

Inrbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon 

Time to Reach 50% LFL vvlth Loss of Venblabon 

Time to Reach 100% LFL vvlth Loss of Venblabon 

lh2c2 = 5 855% 

Wc2 = 20 221 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 94 261 % 

uhfgc2 = 105 222% 

LFL,-bh, = 1 023 x lo3 % 

Tune, zs%LpL = 0 OOOday - 
Tune, 5o , .  = 0 000 day 

T ~ I Q - ~ ~ , , ~ ~ ~  = 0 OOOday 
- 

Case 4-Worst Case H2-SX 105 & S-107 
dissolved H2 and SX-102 "3 to 244 S-4gpm- 
hf mcd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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A u t h o r s  Date 1/290 Checked by Date /hG/W 

SUMMARY DCRT 244-5 Calculations based on worst case hydrogen tank 241-SX-105 and 
CASE 4 S-107 dissolved hvdroaen 

-the inhal condhon-of the tank is 0% full 
-this model calulates the remainder until filled to 80% full wth 
pumping rate of 8 gpm (VentIlatIon rate of 5 cfh) Includes ammonia 
from SX-102 and methane from S-107 

INPUT SUMMARY: 
General Data 

mole 
DCRT Ventilation Rate vr= sooo- Nltrate ConcentratIon NO, = 2660- 

hr lrter 

mole 
Nltnte Concentration N02=3100- 

lb llter 

fi3 

Salhvell Waste Specific Gravw p = 1 468 

Radiolybc Power of Waste wastepower= 1218- 

mole 
Inhal DCRT H2 Inventory vo~m = o0ooft3 lrter 

H2 Inventory Based on CGMV 

CGM Measurement 

DCRT Waste Temperature 

ft sec3 
Aluminum ConcentratIon AI= 1630- 

0 

gm TOC = 3 228- 
llter 

TOC ConcentratIon flag,, = "no" 

conxm-cpo = 0 000 %LIT 

T = 348 1SOK 

Ammonia Concentration 

Methane Concentration 

N H 3  = 72 1 SO % L I T m  

CH, = 1 890%LFLc~d 

Penod 1 

gal Inhal Flow Rate flow = 8 000- 
rmn 

Time Pumped at lnltal Flow Rate tune = 17 OOOhr 

-0000% Hydrogen Carryover Rate grml-mol~ = 1 471 x 10- - lnlbal Fill Factor - - 4 mole tvolmt 
llter tvol 

or gml = 0 269- tt3 
hr 

Period 2 

Second Flow Rate flow, = 8 000- 
rmn 

Time pumped at Second flow rate lun2 = 18 OOOhr 

~ O l m t 2  Inhal Fill Factor - - - 39 82.5% 
f? 

Hydrogen Carryover Rate gr,,, = 0 269- 
hr tvol 

Case 4 Worst Case H2-SX-I05 & S 107 
dissolved H2 and SX 102 "3 to 244 S 8gprn- 
hf rncd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author Date J,/7$/60 Checked by Date //.elm 

I 

OUTPUT SUMMARY: 
Period 1 

lnlbal Flow Rate gal flow = 8 000 - 
m 

Time Pumped at M a l  Flow Rate tune = 17 OOOhr 

- 0000% Final Fill Factor B=39825% ~ O l ,  
lnibal Fill Factor - - 

tvol 

Inibal Fill Volume tvolmt = 0 gal Final Fill Volume ffv = 8160gal 

Inibal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 5 595% Final Flammable Gas Concentrabon (%LFL) ffgc = 79 635 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhhzcl= 16 812% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 88 962% 

Period 2 

gal Second Flow Rate flow, = 8 000 - Time pumped at Second Flow Rate lu112 = 18 OOOhr 
m 

-39825% @OLIla Inibal Fill Factor - - 
tvol 

Final Fill Factor B2 = 81 992% 

lnlbal Fill Volume tvol,, = 8160gal Final Fill Volume ffv2 = 16800gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 533 % 

Ultmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

lh2c2 = 5 595 % 

M c 2  = 19 555 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 93 595% 

uhfgc2 = 105 683 % 

LFL,mt-buung = 1 070 x IO3 % 

Tun% 25wLn, = 0 OOOday - 
Tme, 5ooLm. = 0 000 day 

Tune, looyLm = 0 OOOday 
- 

- 

Case 4 Worst Case H2 SX-105 & S 107 
dissolved H2 and SX-102 “3 to 244 S-8gpm- 
hf mcd 
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i Author A P. ,uA,--.-. Date //2,$/00 Checked by 
i 

SUMMARY DCRT 2444  Calculabons based on worst case hydrogen tank 241-SX-105 and 
S-I 07 dissolved hydrogen CASE 4 

-the inhal condlbonof the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full wth 
pumping rate of 12 gpm (Venblabon rate of 5 cfh) Includes ammonia 

from SX-102 and methane from S-107 

INPUT SUMMARY: 
General Data 

A3 DCRT Venblabon Rate ~r=5000- 
hr 

Saltwell Waste Specific Gravty p = 1 468 

lb Radiolybc Power of Waste W&POW~T= 1218- 
A Sec' 

lnlbal DCRT H2 Inventory v0im = 0 0 0 0 ~ ~  
0 

H2 Inventory Based on CGM7 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no' 

concLFL_e,o = 0 000 %LFL 

T = 348 150K 

mole Nltrate Concentrabon NO3 = 2660- 
llter 

mole NO2 = 3 100- 
llter 

Nltrlte Concentrabon 

mole 
hter 

Aluminum Concentrabon AI = 1630- 

TOC Concentrabon gm TOC=3228- 
llter 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 72 150 %LFL, 

CH4 = 1 890%LFLcH4 

Period I 

Inhal Flow Rate gal flow = 12 000 - 
m 

Time Pumped at lnltal Flow Rate tune = 11 OOOhr 

4 mole tvo'mt 
Hydrogen Carryover Rate gml-molar = 1 471 x 10- - Inha1 Fill Factor - - - 0000% 

llter tvol 
A3 

or gr,,= 0404- 
hr 

Penod 2 

4 Second Flow Rate flowz = 12 000 - Time pumped at Second flow rate 

Inlbal Fill Factor 

llm2 = 12 O O O h r  mm 

tvo~mt2 - - - 38 654% 
ff Hydrogen Carryover Rate gmlz = 0 404- 
hr tvOl 

Case 4-Worst Case H2-SX-105 8 S-107 
dissolved H2 and SX-102 "3 to 244 S- 
12gpm-hf mcd 
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Author P ,&da.n-. Date I /d& 0 Checked by Date /,&h 

OUTPUT SUMMARY: 
Period 1 

Inibal Flow Rate gal flow = 12 000 - 

tvoluut 

rmn 

lnibal Fill Factor - - - 0 000% 
tvol 

Inibal Fill Volume tvol, = Ogal 

Inibal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 5 293 % 

Time Pumped at lnltal Flow Rate tme = 11 ooohr 

Final Fill Factor B = 3 8 6 5 4 %  

Final Fill Volume fi = 7920 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 79 333 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 16 344% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 88 494% 

Period 2 

gal Second Flow Rate flow, = 12 000 - Time pumped at Second Flow Rate llm2 = 12 ooohr rmn 

~ O L N t Z  M a l  Fill Factor - - - 38 654% 
tvol 

Final Fill Factor flX2 = 80 821 % 

Inibal Fill Volume tv01,~ = 7920gal Final Fill Volume f i 2  = 16560gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 072 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFLWh Loss ofvenblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon 

Time to Reach 50% LFL vvlth Loss of Venblabon 

Time to Reach 100% LFL vvlth Loss of Venblabon 

hZc2 = 5 293% 

fh2c2 = 18 329 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 92 369% 

uhfgc2 = 105 222% 

LiTmt-hh8= 1 023 x IO3% 

Tm9 zsomLn = 0 OOOday - 
Tune, 5oo/oLn = 0 000 day 

Tme2_,oo4bLn = 0 000 day 
- 

Case 4 Worst Case H2 SX-105 8 S 107 
dissolved H2 and SX-102 "3 to 2444 
12gpm-hf mcd s-4-7 
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Author & P, Date </a?/&O Checked by 

SUMMARY DCRT 2 4 4 4  Calculabons based on worst case hydrogen tank 241-SX-105 and 

-the inhal condition of the tank is 0% full 
-this model calulates the remainder unbl filled to 80% full wth 
pumping rate of 16 gpm (Venblabon rate of 5 cfh) Includes ammonia 

CASE 4 S-107 dissolved hydrogen 

from SX-102 and methane from 5-107 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate VT=5000- Nltrate Concentrabon NO, = 2 660- 
hr llter 

mole 
NO2 = 3 100- 

llter 

i t3  

Saltwell Waste Specific Gravky p = 1 468 
Nltnte Concentrabon lb Radiolybc Power of Waste w a S t e p ~ w ~ =  1218- 

mole ft 88C3 
Aluminum Concentrabon AI = 1630- 

Inha1 DCRT H2 Inventory vo~H2 0 = o 000fi3 llter 

P TOC = 3 228- 
liter 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement con& - = 0 OOO%LFL 

flag, = "no" 

Ammonia Concentration N H 3  = 72 15O%LFLm 
DCRT Waste Temperature T = 348 150K Methane Concentrabon CY, = 1 890%LFz,, 

Penod 1 

Inlbal Flow Rate gal flow = 16 OOO - 
rmn 

Time Pumped at M a l  Flow Rate tune = 8 OOOhr 

- 0 000% Hydrogen Carryover Rate grs,,l-molu = 1 471 x io- - Inhal Fill Factor - - 4 mole tvolm* 
Mer tvol 

i t3  or grWl = 0 539- 
hr 

Penod 2 

Second Flow Rate flowz = 16 000- Time pumped at Second flow rate i d  = 9 ooohr gal 
mm 

ft3 Hydrogen Carryover Rate grWlz = 0 539- 
hr 

Case 4-WOrs.t Case H2-SX 105 8 S-107 
dissolved H2 and SX-102 "3 to 244-S- 
l6gpm hf mcd 

~Olmtz  - = 37 482% lnlbal Fill Factor 
tvOl  

7-4-8 
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A u t h o r s  P - Date jl/. +/o 0 Checked by Date /h ,h  

OUTPUT SUMMARY: 
Period 1 

M a l  Flow Rate Time Pumped at lnltal Flow Rate tune = 8 ooohr sal flow = 16 000 - 
m 

Inlhal Fill Factor - = 0 000% Final Fill Factor ilT = 37 482% tvO1,t 
tvol 

Inrbal Fill Volume tvolmt = 0 gal Final Fill Volume fi = 7680 gal 

lnlhal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 5 045% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 15 877% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgo = 79 085 % 

uhfgcl = 88 027 % 

Period 2 

Second Flow Rate flowz = 16 000 - Time pumped at Second Flow Rate ~UIIZ = 9 ooohr gal 
rmn 

Inlhal Fill Factor - - - 37 482% Final Fill Factor ftpL = 79 650% f-VOl,tZ 
tvol 

lnlhal Fill Volume tvol,, = 7680 gal Final Fill Volume f i 2  = 16320gal 

Inrbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 32 610% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL vnth Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL vvlth Loss of Ventdatton 

lh2c2 = 5 045 % 

fh2c2 = 17 420% Final Flammable Gas Concentrabon (%LFL) ffgcz = 91 460% 

uhfgc2 = 104 760% 

LKt-,hg = 979 195 % 

Tme, - = 0 OOOday 
TII I I~  SOO,,~ = 0 OOOday - 
Tm9 1o046Ln = 0 OOOday - 

Case 4 Worst Case H2 SX-105 8 S 107 
dissolved H2 and SX-IO2 NH3 to 244 S 
16gpm hf mcd s-4-9 
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Author& e .?&A- Date /,k?$/Od Checked by Date / ,hG!r 

SUMMARY DCRT 244-S Calculattons based on worst case hydrogen tank 241-SX-105 and 

-the inhal condhon of the tank is 0% full 
-this model calulates the remainder unttl filled to 80% full wth 
pumping rate of 20 gpm (Venttlatton rate of 5 cfh) Includes ammonia 

CASE 4 S-107 dissolved hydrogen 

from SX-102 and methane from S-107 

INPUT SUMMARY: 
General Data 

mole DCRT Venttlatton Rate W =  5000- Nttrate Concentratton NO3 = 2660- 
hr hter 

mole NO, = 3 100- 

A3 

Saltwell Waste Specific Gravtty p = 1 468 
Nltnte Concentratton 

Radiolybc Power of Waste wastepower= 1218- lb llter 
A sec3 

M a l  DCRT H2 Inventory vo~Hz = o 0 0 0 ~ ~  llter 
mole Aluminum Concentratton AI = 1630- 

0 

m TOC Concentratton TOC=3228- 
llter 

H2 Inventory Based on CGM? 

CGM Measurement 

flagcp = no 

con%m-opo = 0 000 %LFL 
1 Ammonia Concentrabon NH3 = 72 150 %LFLm 

DCRT Waste Temperature T = 348 l50K Methane Concentratton CH, = 1 890%/oLn,, 

Penod 1 

Inhal Flow Rate gal flow = 20 000 - 
mm 

Time Pumped at M a l  Flow Rate tune = 7 ooohr 

4 mole fJJo1,t Hydrogen Carryover Rate grmi-molar = 1 471 x 10- - Inhal Fill Factor - = 0 000% 
liter tvol 

A3 or grml= 0674- 
hr 

Penod 2 

gal Second Flow Rate flowz = 20 000 - 
rmn 

Time pumped at Second flow rate id = 7 OOOhr 

tvO~,U lnhal Fill Factor - - - 40 996 % 
A3 

Hydrogen Carryover Rate grmlz = 0 674 - 
hr tvol 

Case 4 Worst Case H2-SX-105 & S-107 
dissolved H2 and SX-102 "3 to 2444 
20gpm hf mcd S-4-10 
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Author&, e- a,, Date l,hq60 Checked by 

OUTPUT SUMMARY: 
Penod 1 

lnlhal Flow Rate gal flow = 20 000 - 
rmn 

- 0 000% Inhal Fill Factor - - tvol*t 
tvol 

Inlhal Fill Volume tvolmt = 0 gal 

lnlhal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) f h 2 ~  = s 648% 

Time Pumped at lnltal Flow Rate tune = 7 OOOhr 

Final Fill Factor f€€ = 40 996% 

Final Fill Volume fi = 8400 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 79 688% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 17 280% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 89 430% 

Period 2 

gal Second Flow Rate flow, = 20 000 - Time pumped at Second Flow Rate Lun2 = 7 ooohr 
rmn 

@Ol*t2 
Inrbal Fill Factor - - - 40 996% 

tvol 
Final Fill Factor El2 = 81 992% 

Inlhal Fill Volume tvolma = 8400 gal Final Fill Volume ffv2 = 16800gal 

lnhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 33 533 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Mammum %LFL with Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL W h  Loss of Venblabon 

h2c2 = 5 648% 

fh2c2 = 18 603 % Final Flammable Gas Concentrabon (%LFL) ffgc2 = 92 643 % 

uhfgc2 = 105 683% 

LFLm,-bh, = 1 070 x lo3 % 

Tm% = 0 OOOday - 
Tune, .jooam = 0 000 day - 
Tun% = 0 OoOday - 

Case 4-Worst Case H2-SX 105 & S-107 
dissolved H2 and SX-102 "3 to 244-S- 
20gprn-hf rncd S-4-11 
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A u t h o r s  e Date l!a$/OO Checkedby %&%?e Date /k&h 

DCRT 244-S Calculabons based on Dummna 2224 Lab waste to 2444 
CASE 5 -the inbal condbon'of the tank is 13% full 

- thls model calulates the remainder unbl filled to 80% full vvlth 
pumping rate of I 1 5  gpm (Venblabon rate of 3 ch)-No 
dissolved hydrogen or methane 

INPUT SUMMARY: 
General Data 

mole 
hr liter 

mole NO, = 0 000- 
llter 

DCRT Venblabon Rate ~r=3000- Nltrate Concentrabon NO3 = 1 OOO- 
t i3  

Saltwell Waste Specific Grawty p = 1 100 
Nitrite Concentrabon 

Radiolyhc Power of Waste wastepower = 0 030 - lb 

mole Al = 0 000- 
A sec3 

Aluminum Concentrabon 
Inbal DCRT H2 Inventory voiHz 0 = o 0 0 0 ~ ~  llter 

P TOC Concentrabon TOC = 1000- 
llter 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

con~m-cmo = 0 000 %LFL 

T = 293 150K 
Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 0 480 %LFLm 

CH, = 0 000 %LFL, 

Penod 1 

lnbal Flow Rate 

Hydrogen Carryover Rate grmmOlu = 0 000 - 

Time Pumped at lnltal Flow Rate 

Inbal Fill Factor 

tune = 1 ooohr gal flow = 115 000 - 
mm 

mole tvolmt 
llter tvol 

- - - 13 000% 
A3 or grml=oooo- 
hr 

Penod 2 

gal Second Flow Rate flowz = 115 OOO - 
mm 

A3 Hydrogen Carryover Rate grmn = 0 000- 
hr 

Time pumped at Second l o w  rate M = 1 ooohr 

= 46 675% "04nd2 Inbal Fill Factor - 
tvol 

Case 5-222-S Lab to 244 S-hf mcd 
Process Engineering 

CHZM HILL 
Mathcad v2000+ 
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A u t h o r s  p, A Date* Checked by Date //k’$/a 

OUTPUT SUMMARY- 
Penod 1 

Inhal Flow Rate gal flow = 115 000 - 
m 

Time Pumped at M a l  Flow Rate tune = 1 OOOhr 

- 13 000% Final Fill Factor B = 4 6 6 7 5 %  tvolmt Inlbal Fill Factor - - 
tvol 

Inhal Fill Volume tvolmt = 2664gal Final Fill Volume fi = 9564 gal 

Inhal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 4 144 x Final Flammable Gas Concentrabon (%LFL) ffgc = 0 484% 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2cl= 3 331 % 

Ultimate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 3 81 1 % 

Penod 2 

Second Flow Rate flow, = 115 000 - Time pumped at Second Flow Rate I d  = 1 ooohr gal 
m 

tvolmtz 
lnmal Fill Factor - - - 46 675 % 

tvol 
Final Fill Factor E2 = 80 351 % 

lnlbal Fill Volume tvoIm, = 9564 gal Final Fill Volume ffv2 = 16464 gal 

Inhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2c2 = 4 912% 

Ultimate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wfth Loss of Venblabon 

Time to Reach 25% LFL wfth Loss of Venblabon 

Time to Reach 50% LFL wfth Loss of Venblabon 

Time to Reach 100% LFL wfth Loss of Venblabon 

h2c2 = 4 144 x 

fh2c2 = 0 017% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 497 % 

uhfgc2 = 5 392% 

LFLmt-hhg = 138 296 % 

Tune 250Lm = 33 399 day - 
Tune, 505bLn = 85 525 day 

Tun% loowpL = 259 638 day 
- 
- 

Case 5-222 S Lab to 244 S-hf mcd 
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Author e. Date 1/25/00 Checked by Date //%/a 

SUMMARY: 
DCRT 244-5 Calculabons based on pumping Actnre Catch Tanks to 244-S 
CASE 6 -the inrbal condrbon of the tank is 10% full 

-this model calulates the remainder unbl filled to 80% full 
with pumping rate of 120 gpm (Venblabon rate of 3 cfh) No 
dissolved hydrogen or methane 

INPUT SUMMARY- 
General Data 

mole 
hr hter 

mole 

DCRT Venblabon Rate vr=3000- Nltrate Concentrabon NO3 = 0 000 - if 

Saltwell Waste Specific Gravity p = 1 015 
Nltnte Concentrabon NO2 = 0 000- 

3 lb llter Radiolybc Power of Waste wastepower = 8 339 x IO- - 
mole 

Aluminum Concentrabon Al=oooo- 
ft set" 

Inhal DCRT H2 lnventoly volm = oOooft3 llter 
0 

gm TOC = 40 000 - 
llter 

TOC Concentrabon H2 lnventoly Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

con%m-oFo = 0 000 %Ln 

T = 293 150K 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 2 500 x 1 0 - 3 % ~ m  

CH, = 0 000 %Ln,, 

Penod 1 

Inlhal Flow Rate gal flow = 120 000 - 
nnn 

Time Pumped at lnltal Flow Rate tune = 1 000h 

- 10oO0% Hydrogen Carryover Rate gr,l_molsr = 0 000 - lnlhal Fill Factor - - mole tvo4Nt 

llter tvol 
or grm,=OOOO- It3 

hr 

Penod 2 

Second Flow Rate flow2 = 120 000 - gal 
rmn 

Time pumped at Second flow rate I d  = 1 ooohr 

"Olmt2 Inrbal Fill Factor - = 45 140% ft3 Hydrogen Carryover Rate grmn = 0 000- 
hr tvol 

Case &Active Catch Tanks to 244-S-hf mcd 

S- 6-2 
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Author& ?. Date I , / ! ! f 6 0  Checked by Date /AX,/& 
/ 

OUTPUT SUMMARY 
Penod 1 

M a l  Flow Rate gal flow = 120 000 - 
rmn 

Time Pumped at lnltal Flow Rate tune = 1 OOOhr 

- 10000% Final Fill Factor B = 45 140% ~ O L I t  lnlbal Fill Factor - - 
tvol 

Inha1 Fill Volume tvol, = 2049 gal Final Fill Volume EV = 9249 gal 

M a l  H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh2c = 3 912 x Final Flammable Gas Concentrabon (%LFL) ffgc = 6 412 x 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 3 314% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 3 316% 

Penod 2 

Second Flow Rate flow, = 120 000 - Time pumped at Second Flow Rate I d  = 1 OOOhr gal 
rmn 

- 45 140% i v O L u t 2  

ivol 
lnlbal Fill Factor - - Final Fill Factor fEl=80279% 

lnlbal Fill Volume ivol,, = 9249 gal Final Fill Volume ffv2 = 16449gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 5 006% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Mammum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL vvlth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

h2c2 = 3 912 x 

fh202 = 0 017% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 020% 

uhfgc2 = 5 008% 

LFLmt-,h,, = 140 237 % 

Tme.-,,,, = 33 556 day 

 TI^% 5 o . / o ~ n  84 851 day - 

Tm% loosbLn = 254 255 day - 

Case 6-Active Catch Tanks to 2444 hf mcd 

S-6-3 
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Author P. 3 J L  Date $hg6d Checked by 

SUMMARY 
DCRT 244s Calculabons based on heel in 244s 
CASE 7 -the inbal condbon of the tank is 0% full 

-this model calulates the remainder unbl filled to 80% full wth 
pumping rate of 4 gpm (Venblabon rate of 3 cfh)-No dissolved 
hydrogen or methane 

INPUT SUMMARY 

DCRT Venblabon Rate 

Saltwell Waste Specific Grawty 

Radiolybc Power of Waste 

Inbal DCRT H2 lnventoly 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

ft3 ~ = 3 0 0 0 -  
hr 

p = 1 150 

wastepower = 0 422 - lb 

A sec3 

volm = 0 0 0 0 ~  
0 

flag, = "no" 

concLa_esmo = 0 OOO %LFL 

T = 313 150K 

mole 
liter 

mole 
Mer 

Nnrate Concentrabon NO3 = 1 260- 

Nnnte Concentrabon NOz=1030- 

mole Aluminum Concentrabon Al=oooo- 
llter 

gm TOC = 1 380- 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 0 290 %LFLm 

CH, = 0 000 %LFLQi, 

Penod 1 

Inbal Flow Rate 

Hydrogen Carlyover Rate gr,l-melar = 0 000 - lnbal Fill Factor - = 0 000% 

Time Pumped at lnital Flow Rate tune = 35 ooohr gal flow = 4 000- 
mm 

mole ~ O ~ l N t  

llter mol 
A3 or g r , l = ~ o o ~ -  
hr 

Period 2 

Second Flow Rate flow, = 4 OOO- gal 
rmn 

ft3 Hydrogen Carlyover Rate grm0 = 0 000- 
hr 

Time pumped at Second flow rate lun2 = 34 ooohr 

"OllNU Inrbal Fill Factor - = 40 996% 
tV01 

Case 7-Heel in 244-S DCRT hf mcd 
Process Engineering 

CHZM HILL 
Mathcad v2000+ 
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OUTPUT SUMMARY 
Penod 1 

lnbal Flow Rate gal flow = 4 000- 
rmn 

- 0 000% Inbal Fill Factor - - *ol,t 
tvol 

Inbal Fill Volume tvol, = Ogal 

lnbal H2 Concentrabon (%LFL) h2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh2c = 0 114% 

Time Pumped at lnital Flow Rate tune = 35 OOOhr 

Final Fill Factor B = 4 0 9 9 6 %  

Final Fill Volume fi = 8400 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 0 404% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 3 326% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) ubfgcl = 3 616% 

Penod 2 

Second Flow Rate flow, = 4 000- gal Time pumped at Second Flow Rate I d  = 34 OOOhr 
rmn 

- 40 996% ~ O L U l 2  

tvol 
lnbal Fill Factor - - Final Fill Factor B2 = 80821 % 

lnbal Fill Volume tvolvol,, = 8400gal Final Fill Volume ffv2 = 16560gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 5 374% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wrth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFLwth Loss of Venblabon 

lh2c2 = 0 114% 

fh2c2 = 0 558% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 848% 

uhfgc2 = 5 664% 

LFLmt-,hg = 153 972 % 

T1m9 25.m = 29 080 day - 

5oyLm= 73 919day - 
T1m9 = 210 193 day - 

Case 7 Heel in 244-S DCRT-hf mcd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 

s-7-3 
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244-S-DCRT 

CASE 8 



RPP-4941 Rev 0 Ajpendi-x G 

Author& c ,.&&$+. Date I!2&5 a Checked by db ?+& Date I hb foo 

Case 8 (Story 1) 
DCRT 2444 

Worst Case Tank Waste SX-105 
Ammonia in liquid waste in SX-105-25%, SO%, and 100% LFL 
at vanous temperatures between 70 and 170 deg F 

1/13/00 14 27 

S-8-2 
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WP-4941 Rev 0 Appendix G 

Author& e '%/A D a t e i l 2 & &  Checked by&% Date I 12b100 

DCRT 244s 
Case 8 (Story I )  

Worst Case Tank Waste SX-105 
Ammonia in liquid waste in SX-105-25%, SO%, and 100% LFL 
at vanous temperatures between 70 and 170 deg F 

Table S8-2 WSU Model for SX-105 Ammonia Values 

1/22/00 11 16 

S-8-3 



Author&> e Date //Z$/Oo Checked by 3% e Date* 

Tank 

s 101 

DCRT 2444  
Case 8 (Story 1) 

Ammonia 
in Vapor 
Space 

(% LFL) 

Henrys Law Ionic Ammonia 

in liquid Temperature Strength Constant, K[NHJ 
(" F, (molarity) (mole/L atm) waste 

(pg/mL) 
1 116 15 7 3 511 0 01 

Table S8-3 S and SX Farms Ammonia Data 

Note 15 5% NH3 = 100% LFL 

S-8-4 

I 1  
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A u t h o r A  - e d--/-- Date<k?$/60 Checked by g?$ + Date I \ l . C i _ a o  
/ 

2 4 4 3  
8 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2444  
s 101 
0 1  Correction Factor for Schumpe Model 1 
244 S 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter IUnits \Value 

I I 
Tank Characteristics (Receiving Tank) 

Parameter \Units lvatue 

53001 IStream Diameter linches I 1 
PO" lwglml I 3861 I ITortuositv Factor lunitless I 1 - 
so4 

CI ' 
Lit' 
Br' 

F '  

%H,O 

. .  

w /m l  5650 Initial Concentration of N H ~  in the Vapor Phase molelm' 0 
wglml 106 Surface Area of Still Waste mz 16417 
IrgIml 7450 Fumigation Divisor at 100 meters unitless 1 
M m l  0 Non Fumigation Divisor at 100 meters unitless 1 
M m l  0 Correction Factor for Schumpe Model unitless 1 
% 62 66 - 

Specific Gravity 
Total Organic Carbon 
cs-137 
Temperature 

S-8-5 

I 1  

unitless 1 36 
gll 0 267 

O F  116 
pCilml 0 



DCRT 244s 
Case 8 (Story I) 

Br 79916 0 000E+00 0 0269 0 

15 70232786 1 507731093 
Average 

Mass fracbon water in Iiq I 0 631 I I I I I Temperature 
Liquid density (kgglm3) I 1360000) ldsg F 

I I 47 I I I I I I 

S-8-6 
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A u t h o r 4  e 9 L ,  Date()2+/6 Checked by& & Date (!?b/&, 
DCRT 2444 / 
Case 8 (Story 1) 
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RPP-4941 Rev 0 Appendix G 

I.%.h,,,.."~ IF^h,,^rm I.. .I.-,.,- c- I/ 

Date 1/26 100 Author& &&- Date //.$/ab Checked by $ 6 r 

DCRT 244s 
Case 8 (Story 1) 

4 

I I"", lull , p -  ,vu I", I8W.J __  ,,u3= vvaLcl 

Igrnoledl (Itq )Ih (G) IKwater/Ksalt (rnol/kgwtr at 
I 0 0998197371 0 0481 I 11 63592102 30 1561 6267 

8 136Et01 1 138E 03 
I I 9 M=.S n9l 3 159Et01 7 380E 04 

mol/L(liq) atm "3 
Henrys K Part P atm 
1 801 192447 0 05541 8696 

1 623E 05 0 000E+00 
9 723E 06 0 000E+00 



RPP-4941 Rev 0 Appendix G 

A u t h o r a e  dM&- D a t e / / l ? q b o  Checked by Date I ! Z L / O Q  
DCRT 2 4 4 s  1 
Case 8 (Story 1) 

S-8-9 

I 1  
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DC RT 244s 
Case 8 (Story I )  

S-8-10 

, I  
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RPP-4941 Rev 0 Appendix G 

Author& e O a t e j h d 6 a  Checked by 3 @#”- Date l 12c /oo  
1 

DCRT 2 4 4 s  
Case 8 (Story 1) 

Source Tank S 106 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2444  

Correction Factor for Schumpe Model 1 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter ]Units /Value 
NH, luglml I 430 

I I 
Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue 
Percent Fill of Receivino Tank I O h  I 80 

I 01 lNon Fumigation Divisor at 100 meters 

Na ’ 
~1’3 

Fe’3 
crt3 

wlml 244000 Volume of Vapor Space L 15359 
qglml 37967 Length of Waste Fall ft 3 1  
pglml 30 Inside Diameter of Receiving Tank ft 15 
wml 9410 Flow Rate of Waste gpm 4 

Br ’ llrglml 

s-8-11 

01 ICorrection Factor for Schumpe Model lunitless I 1 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 145 
gll 1 525 
pCilml 267 
OF 80 
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WP-4941 Rev 0 Appendix G 

AuthohQ e &-- D a t e . & ? ~ / o O  Checked b y & b  %& Date [[z [eo 

DCRT 244.3 
case 8 (Story 1) 

OH ’ 1700741 3 231 0 0839 I 0 270657096 I Hydrogen I 0 2991 002181 
NO3 ’ 62 00491 3 871 0 01281 0 0495443991Methane 0 5241 0 00221 
NO, ’ I 46 0055 I 007951 01883578791 I I I 

s-8-12 
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Authorfie.&&,- Date @$ha Checked by 

'arameter 
'ercent Fill of Receiving Tank 

ength of Waste Fall 
'olume of Vapor Space 

/ 

Units Value 
Yo 80 
L 15359 
fl 3 1  

DCRT 
Case 

~~ 

2 4 4 4  
8 (Story 1) 

otal Pressure in Vapor Space latm 

Table S8-8 Henq 
Input Dat; 

1 

I 

otal Bubbler Flow Rate lcfh 

, Law C 

I I T 

3 

I 

Source Tank S 107 
DilLtion Ratio 0 1  
Receiving Tank 244 S 

'tream Diameter 
ortuosity Factor 
iitial Concentration of NH3 in the Vapor Phase 

umigation Divisor at 100 meters 
Ion Fumigation Divisor at 100 meters 
,orrection Factor for Schumpe Model 

'urface Area of Still Waste 

nstant Calm 
: calculation an 

inches 1 
unitless 1 

m2 16 417 
unitless 1 
unitless 1 
unitless 1 

molelmJ 0 

3tion fa 
tne Dyna 
2444 

Tar S-I07 (2 pages) 
adsneet 

I I 
I I 

:orrection Factor for Schmpe Modei 1 
I I I 
I I 

Tank Characteristics (Receiving Tank) 

0 05 
'en1 iat on Flow Rate for Receiving Tank 
otal Ventflat on Flow Rate for Stack 

I cfm 
I cfm 

S-8-13 
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Author& e a& Date I/&'t?/ob Checked by -&\ Date \\*b 
DCRT 244s 
case 8 (Story 1) 

s-8-14 



DCRT 
Case 

RpP:494-l 0 Appendix G 

Author &-e h Date /)26/6b Checked by 6 tb && Date I b 1% 

244 S 
8 (Story 1) 

S-8-15 



RPP-4941 Rev 0 Appendix G 

A u t h o r d r  Date //-?do0 Checked by Date \/%/@a 
/ 

DCRT 244s 
Case 8 (Story 1) 

S-8-16 



F W ~ 4 9 4 1 R e ~ b  Appenhx G 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2444  
s 111 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

4 
A u t h o r a e  Date /];76/6~ Checked b y d 3 - L  

2 4 4 5  
8 (Story 1) 

Table S8-10 Henrys Law Constant Calculation for Tank S - I l l  (2 pages) 
readsheet 1 

S-8-17 



WP-4941 x<vT&$Sidix G 

/ 
A u t h o d  e -4r Date f j d d b b  Checked by 

DCRT 244s 
Case 6 (Story 1) 

S-8-18 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receivino Tank 

RPP-4941 ReVO AppendiZ G 

Date \\rl(l/oo 
L 

Author& edd?.-.- Date </-?@bo Checked by A b  ,& 

2444  
sx-101 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

244s 
8 (Story 1) 

%HZO 
Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

% 49 1 
unitless 1 499 
gll 0 335 
pCi/rnl 403 
OF 133 

S-8-19 



DCRT 244s 
Case 8 (Story 1) 
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RPP-4941 Rev 0 Appendix G 

Author& e Date/h+D Checked by Date 1 ! 2 6 / Q o  

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 2445  
Case 8 (Story 1) 

2444  
sx 102 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter lunits lvalue 
NH. Iwlml I 1370 

I I 
Tank Characteristics (Receiving Tank) 

Parameter /Units ]Value 
Percent Fill of Receivina Tank I% I 80 

Na+’ 
~ 1 + 3  

Fe 
crt3 

fiml 235000 Volume of Vapor Space L 15359 

fim 2770 Flow Rate of Waste . w m  4 

pg/ml 45600 Length of Waste Fall n 3 1  
wlml 36 Inside Diameter of Receiving Tank n 15 

CI ’ I O Z O O ]  IFLmlgation Dlvisor at 100 meters /unitless 1 1 
_ I  * I  Ivg/ml 01 /hon Fumigarion Divsor at 100 meters /un.tless I 1 

Ni*’ I d m  151 ITotal PressLre in Vapor Space latm 1 

S-8-21 

K’ Icglm. 35501 IVent, at on Flow Rate for Receiving Tank Jcfm 0 05 

Br’ 
YoH20 
Specific Gravity 
Total Organic Carbon 
Cs 137 

M - n  0 Correction Factor for Schumpe Model unitless 1 
Yo 48 03 
unitless 145 
gll 151 
fiCilml 438 



RF'P-4Tmev 0 Appendix G 

Author& e AdL-. Date !/26/&Checked by 

Mass fractron water in Iiq 
Liquid density (kg/m3) 
T (C) I 

I 

OCRT 244s 
Case 8 (story 1) 

0 48 Temperature 
1460 000 deg F 

61 1 42 
Temperature 
,I-" P 

s-8-22 



DCRT 244s  
Case 8 (Story 1) 

Source Tank SX-103 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2 4 4 4  

Correction Factor for Schumpe Model 1 

S-8-23 
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DCRT 244s 
Case 8 (Story I )  

s-8-24 



DCRl 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPP-3941 Rev-0-ApFendnr G 

A u t h o r a e  Date/,/G$/ah Checked by + Date il'lc / bo  

-.. - 
SX 104 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

2 4 4 4  
8 (Story 1) 

Table S8-14 Henry's Law Constant Calculation for Tank SX-104 (2 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I I I  7AA.S I I 

S-8-25 



DCRT 2448  
Case 8 (Story 1) 

S-8-26 



W-gG 

A u t h o c d h  Date 1/26/99 Checked by \ ,h,xk. Date 1[26/00 

DCRT 244 S 
Case 8 (Story 1) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2444  

Correction Factor for Schurnpe Model 1 

Ni” 
K” 
OH’  

S-8-27 

wlml 12 Total Pressure in Vapor Space atm 1 
Kdml 3375 Ventilation Flow Rate for Receiving Tank cfm 0 05 
wnl 40939 Total Ventilation Flow Rate for Stack cfm 0 05 



RPP-4941 Rev 0 Appendix G 
Date/,/!!$h Checked by 

C 
Author 

DCRT 244s 
Case 8 (Story 1) 

Ammonia 
Hydrogen 
Methane 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmoles/L (Iiq ) h (G) Kwater/Ksalt (mollkgwtr at Henrys K Part P atm 
0 071046168 00481 11 89866249 7867518994 0416120578 0170739371 

3 675E-02 2 045E+01 7 499E 04 2 308E 05 0 000E+00 
2 400E-02 3 757E+01 9 021 E 04 1 51 1 E 05 0 000E+00 

S-8-28 



DCRT 
Case 

SoJrce Tam 
Dilution Ratio 
Receiving TanK 

-----_ - 
WP-4941 Rev OXpTCidixT- 

A u t h o r a e  .% idea-# -  Date J/,26/oa Checked by &,h 1% Date I 1x6 100 

2444  . ..... 
SX 106 - 
0 1  
244 S 

Correct - on Factor for Scnumpe Model 1 

244 S 
8 (Story I) 

S-8-29 
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RPP-4941-Rev 0 Appendix G 

A u t h o r s  e 6 Date Checked by G\ Date 126 / @  0 

DCRT 244s 
Case 8 (Story 1) 

S-8-30 



RF'P-4941 Rev 0 A p p e z x  G 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

DCRT 
Case 

2444  

Correction Factor for Schumpe Model 1 

A u t h o r A C  Date l/!d , 00 Checked b y & h , w  Date I 26 /t 'O 

F '  Iwnl 

244 S 
8 (Story 1) 

1041 ISurface Area of Still Waste I mL I 16417 

I I I I I  I I I 
Parameter IUnits IValue I ]Parame 
NH, I d m l  I 

1468 
nic Carbon lgll 3 228 

Cs 137 ]pCi/ml 384 
Temperature I°F 70 

~~ 

s-8-31 
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Authord%.%!!Zd- e Date / ,/ 026 ,/ & Checked by J,k-oL Date 1 ( 2 6 / & + 0  

244s 
case 8 (story I) 

s-8-32 
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RPP-494-dix G 

Equil "3 Conc in Vapor Space 

DCRT 
Case 

Based on Henrys 
Law Constant %NH3,max, 3 E8 % 

2 4 4 s  
8 (Story I )  

67 61 243444 I 1 598E+001 25 00 Ito 80% at 4gpm 
I I I I ISteady state with 

27777 81 100000000 I 1 598E+00l 3 871 25 00 lcontinuous addition j 

S-8-33 



DCRT 
Case 

RPF@41 Rev 0 Appendix G 

Author& e.%,&-,- Date&$/Ob Checked by 5 tbt$ Date I I Zi /&3 

244s  
8 (Story 1) 

S-8-34 

I I  



WP-4941 Re; 0 Appendix G 
A u t h o r a C L  Date {&/hChecked byA-b,-k$ Date I Z/,lbo 

LI+' 
Br '  

DCRT 244s 
Case 8 (Story 1) 

6 94 0 00 0 0754 U 

79916 0000E+00 0 0269 0 

2 07206891 7 
Average 

20 71 872705 

Table S8-17 (Cont d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Source Tank (SX 105 IlNPUT DATA IDate I 3653870641 IRevsion O~NH:, 

I 

I I I I I I I I I Temperature 
Mass fraction water In Ilq 
Liquid density (kg/m3) 

0 431 
I I ldeg F I 14680001 

I 

s-8-35 
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A u t h o d  c %-- Dated,k$/BD Checked by 

DCRT 2 4 4 s  
Case 8 (Story 1) 

Equil "3 Conc in Vapor Space 7 76 % 
Based on Henrys 
Law Constant 

S-8-36 



DCRT 
Case 

I 244-S 
Source Tank SX 1u3 
Dilution Ratio 0 1  Correction Factor for Schumpe Model 1 
Receiving Tank 244 S 

- _ _  
WP-4941 Rev 0 Appendix G 

Author& c& Date//!!/od Checked by &a J+ Date 1\26 100 

I 

244s 
8 (Story 1) 

S-8-37 



RPP-4941 Rev 0 Appendix G 
AuthoraC- Date {/Z{& Checked by 4 Date I12c 100 

OCRT 244s 
Case 8 (Story 1) 

NO, 
co3 
Po4 

Table S8-17 (Cont d) SX 105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
ISntimaTsnk ISX 105 IINPUT DATA IDate I 36538707111 I Revision I O I N H ~  I 

46 0055 3 10 0 0795 0 2467755231 
60 0092 0 24 0 1423 0 0335082861 
94 9676 0 03 C 21 19 0 0072883831 

I I I 

so, 9605761 4 366E 021 011171 00048772951 I I 

LI ’ 
Br ’  

S-8-38 

8 94 0 00 0 0754 0 
79916 0 000E+00 0 0269 0 

20 71 872705 2072068917 
Average 



DCRT 
Case 

Equil "3 Conc In Vapor Space 

WP7-49-mev 0 Appendix G 

Author& c d& - -  D a t e ( h q &  Checked by 

2 4 4 s  
8 (Story I) 

Based on Henrys 
15 51 % Law Constant 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 

I 27777 8 )  100000000 I 6 394€+00) 15 501 100 00)continuous addition I 

S-8-39 

1 1  



DCRT 
Case 

2 4 4 4  .. 

244s 
8 (Story I) 

I 
. Source Tank SX 105 

Dilution Ratio 0 1  I 

I 
Receiving Tank 244 S 

.. 
_- 
Correct on Fa& __ for Scnumpe Model 1 

- -- 
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A u t h o r a e  Date(hf+o Checked b y & b  +te I \,)L /m 
DCRT 244s 
Case 8 (story 1) 

S-8-41 



WP-4941 Rev 0 Appendix G 

Autho&C--=ab. Date //2$6 b Checked by&-?&+ Date& 

Equil “3 Conc in Vapor Space %NHSIMax) 3 68 % 

DCRT 
Case 

Based on Henrys 
Law Constant 

244 S 
8 (Story 1) 

27777 81 100000000 I 1 569E+00l 3 871 24 99lcontmhous addition 

S-8-42 



UP-4941 Rev 0 Appendix G 

AuthoroaC ,dA#4". Date ,/ / ;26 ,/ Oa Checked by &*+Date / \ 2 6 / f X  

DCRT 244s 
Case 8 (Story 1) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2444  

Correction Factor for Schumpe Model 1 

I I I I  I I 
I 

S-8-43 



RPP-4941 Rev 0 Appendix G 
Author& e % 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmolesll (Iiq ) h (G) KwaterlKsalt (mollkggwtr at Henrys K Part P atm 

~~~ ~~~ 

Ammonia 0 2304661 58 -0 0481 11 89866249 56 17624453 2 971215116 0 077566298 
Hydrogen 2 230E 02 4 075E+01 7 771E 04 1 200E 05 0 000E+00 
Methane 1 327E 03 1 258E+02 1 389E-03 6 949E 06 0 000E+00 

DCRT 244s 
Case 8 (Story 1) 

S-8-44 



DCRT 
Case 

Equil "3 Conc in Vapor Space 

2 4 4 3  
8 (Story 1) 

Based on Henrys 
%NHBIMax, 7 76 % Law Constant 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I 1 I i 

Time hours 
0 0100 
0 0183 
00333 
nnm7 

T sec NH3 mole/m3 %NH3 % LFL, NH3 
36 7 053E 02 0 17 1 1 2  
66 1281E 01 0 32 2 04 
120 2 290E 01 0 57 3 65 
333 A l n S F  01 I n i  fi 5A 

I I I I i 
I Variable I Variable I Variable I 

I I Delta C I Delta c I Delta C I 

0332 
0620 
1035 
2 2 7  
335 
S RR 

1 
Lu- 
3726 
8154 
12060 
1QRR'Y 

--- . . - -- - . . - .  - --, 
010331 372 I 6570E 011 1621 10 471 
017501 630 2 541 16 41 I 

- _ _  
827 
968 
1 0 9  
13 2 
1 6 6  

. . _  -- -- 
29784 3 138E+00 7 75 50 00 
34860 3 138E+00 7 75 50 00 
39300 3 138E+00 7 75 50 00 
47640 3 138E+00 7 75 50 00 
59580 3 138E+00 7 75 50 00 

Time to fill from 0% 

_. .. 

26 48 
37 79 
45 25 
49 71 
49 96 
I;n nn 

277778 
Steady state with 

100000000 3138E+00 7 75 50 00 continuous addition 

S-8-45 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RPP-4941 Rev 0 Appeniix G n 

2444  

Correction Factor for Schumpe Model 1 

Author& e- 
244s 
8 (Story 1) 

S-8-46 



RPP-4941 Rev 0 Appendix G 
Author&C& Date/ / 2 00 Checked by Date i%lOD 

I 
Mass fraction water in Itq 

T (C) I 

DCRT 244s 
Case 8 (Story 1) 

0 43 Temperature 
1468 000 deg F _ _ _ _ _ ~ ~ ~ _ _ _ _ _  

27 80 

Br’ I 79 9161 0 000E+001 0 02691 01 I I I 

I I 20 718727051 I 2072068917) I I ! 
I I I I (Average 

S-8-47 
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RPP-4941 Rev 0 Appendix G 

Author& e Checked b y & b ;  

DCRT 2 4 4 4  
Case 8 (Story 1) 

6 7 6  

277778 

Date 

243444 6 276E+00 15 50 100 00 to 80% at 4gpm 

~oooooooo 6 2 7 6 ~ + 0 0  15 50 100 00 continuous addition 
Steady state with 

S-8-48 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RpP2941-Rev OAppen&x G 

Author f, - Date+/&, Checked by b3+ Date /\?-6/oo 

2444  

Correction Factor for Schumpe Model 1 

244 S 
8 (Story 1) 

S-8-49 



DCRT 244s 
case 8 (Story 1) 

P O 2  
so. 2 

94 9676 0 03 0 21 19 0 007286383 
clfi ns7fi rl ?RRF n7 0 1 1 17 0 004877295 

S-8-50 



DCRT 
Case 

Equil "3 Conc in Vapor Space %NHS(~axl 3 ea % 

2 4 4 4  
8 (Story 1) 

Based on Henrys 
Law Constant 

6 7 6  

I I I I I I Variable I Variable I Variable I 
I I Delta C I Delta C I Delta C I 

243444 I 1541E+00/ 3 88 25 00 to 80% at 4gpm 

277778 100000000 1541E+00 3 88 

S-8-51 

Steady state with 
25 00 continuous addition 
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RPP-4941 Rev 0 Appendix G 

Date/ ,/q/ 6 OD Checked by d%+ Date Autho 

DCRT 244s  
Case 8 (Story 1) 

Source Tank SX 105 
Dilut,on Ratlo 0 1  
Receiving Tank 244 S 

2444 

Correction Factor for Schumpe Moael 1 

S-8-52 
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A u t h o r a e  

Ammonia 
Hydrogen 
Methane 

DCRT 244s 
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm NH3 
gmoleslL (Cq ) h (G) KwaterlKsalt (mollkgwtr at Henrys K Pari P atm 
0178559895 00481 1189866249 4352508657 2302083319 007755448 

2 396E 02 3 764E+01 7 576E 04 1 267E 05 0 000E+00 
1 584E 03 1 095E+02 1 271E 03 7 308E 05 0 000E+00 

S-8-53 



RPP394TRev 0 Appendix G 

A u t h o r a e  & Date//26/~% Checked by Date //%/bo 

Equil "3 Conc in Vapor Space %NHstMax) 

DCRT 
Case 

Based on Henrys 
7 76 % Law Constant 

244 S 
8 (Story 1 )  

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I 8 

S-8-54 



-._ 
-4941RFOAppendix G 

Author Oa e .&&--.- Date4/!&/Ob C hecked by Date 1)3&/&3 
DCRT 2 4 4 s  
Case 8 (Story 1) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

244-S 

Correction Factor for Schumpe Model 1 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

s-8-55 

unitless 1 468 
g/l 3 228 
fiCitml 384 
O F  90 



- - ~  ~ 

RF'P-4941 Rev 0 Appendix G 
Author& e .%LA-" ~ Date</+& Checked b$\ & Date'\261oo 

Ammonia 
Hydrogen 
Methane 

DCRT 244s 
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmolesll. (Itq ) h (G) KwaterIKsalt (mollkgwtr at Henrys K Part P atm 
0 3571 78507 00481 11 89866249 4352508667 2302083319 0155154466 

2 396E 02 3 764E+01 7 576E 04 1 267E 05 0 000E+00 
1 584E 03 1 095E+02 1 271 E 03 7 308E 06 0 000E+00 - 

S-8-56 



- 
RPPTq941 Rev 0 Appendix G 

A u t h o r A e  &dL+a. Date#af/06 Checked by b%b+ D a t e / ) d o b  
1 

DCRT 2 4 4 s  
Case 8 (Story 1) 

Steady state with 
277776 100000000 6162E+00 15 50 100 00 continuous addition 

s-8-57 



DCRT 
Case 

RPP-4941 Rev DAppendS G 

2 4 4 s  
8 (Story 1) 

S-8-58 



RPP-49TlRev 0 Appendix G 
Author& e%&.& Date !&/m Checked b y & b  + Date I 'Ze /@ 

I 
Mass fraction water in Iiq 
Liquid density (kglm3) 
T (C) 

DCRT 244s 
Case 8 (Story 1) 

0 43 Temperature 

38 101 
Temperature 
deg C 

1468 000 deg F 

17 77777771 

JBr 799161 0 000E+001 0 02691 I I 

Ammonia I 
Hvdmnan 1 

I I I I I I I /Average 
I 20718727051 I 2 0720689171 I 

gmoleslL (Iiq ) h (G)  KwaterIKsalt (mollkgwtr at Henrys K Part P atm 
0069756381 0 0481 1 1 89866249 34 01 071 777 1 798859279 0 03877812 

7 562E 02 3 477E+01 7 434E 04 1 345E 05 0 000E+00 

I acnumpe acnumpe pure warer K movqilq) atm NH3 

S-8-59 

I 7 196E 03 9 526E+01 1 178E 03 7 779E 06 0 000E+00 



DCRT 
Case 

244 S 
8 (Story 1) 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I t 
I I I I I 

Based on Henrys 
Equil "3 Conc In Vapor Space %NHaLMax) 3 88 % Law Constant 

I I I 

S-8-60 



WP-4941 Rev 0 Appendix G 

Author& Date !/.+O Checked by ! Date / 1'26 100 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

DCRT 
Case 

2444  

Correction Factor for Schumpe Model 1 

2444 
8 (Story I) 

S-8-61 



DCRT 244s 
Case 8 (Story 1) 

S-8-62 



-cc__ 
RPT'4941 Rev 0 Appendix G 

Date],b$Ob Checked by $.\ , Elv- Date I 2 6 /a o Author &c 

Equil "3 Conc in Vapor Space 

DCRl 
Case 

Based on Henrys 
%NHBIMax) 7 76 % Law Constant 

Variable Variable Variable 

244 S 
8 (Story 1) 

. -. . .. - . . . .. . . . . . .. . . . 

I I Delta C I Delta C I Delta C I 
Time hours1 T sec 1". mole/m3/ %NH3 I % LFL NH. 1 

n ninnl RR n 121 n 791 

S-8-63 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

WP-4941 RFOx@ZnZiFG 

Author=& ,?&&A Date $24//06 Checked by Date \ \%/no 

2444  
SX 105 
0 1  
244 S 

Correctioi Factor for Schumpe Model 1 

244s-  
8 (Story 1) 

S-8-64 



WP-4941 Rev 0 Appendix G 

Author&c& Checked by + Date ! 11 6 06 
B 

DCRT 244s 
Case 8 (Story 1) 

S-8-65 



RPP-494-I-R;T 0 App&&x G 

Author& 4 b %*& Date 1!2 ,6 /pd  

Equil "3 Conc in Vapor Space 

DCRT 
Case 

Based on Henrys 
%NH,,maxl 15 52 % Law Constant 

2 4 4 4  
8 (Story 1) 

S-8-66 



RF’P-4941 Rev T A F p Z x Z  

Autho r4  c % ! !  Date Checked by 6 h Fdk Date 1 !z6/60 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 2444 
Case 8 (Story 1) 

~ 

SX-I 05 
0 1  Correction Factor for Schumpe Model 1 
244 S 

Table S8-17 (Cont‘d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys X calculation ana the Dynamic Spreaasheet 

I I I I  2444  I I 

I I I I 
Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue Parameter lunits lvalue 
I 936 Percent Fill of Receiving Tank I Yo I 80 

32661 ITortuosity Factor 1 
so. * I 41941 llnitial Concentration of NH, in the VaDor Phase lmolelm‘ I 0 

S-8-67 



~ - 
RPP 4941 Rev 0 Appendix G 

A u t h o a C  &&-.-e.- Date!@oo Checked by $%.%& Date l l & / o ’  

DCRT 244s 
Case 8 (Story 1) 

S-8-68 



RF'P-49Tl Rev OpAppFn&~G 

A u t h o r s  e & ?  Date < k Z i D d  Checked by&% Date I 1% 100 

Equil "3 Conc in Vapor Space 

DCRT 
Case 

I 
Based on Henrys 

%NH3(Ma,) 3 88 % Law Constant 
I 

2 4 4 4  
8 (Story 1) 

277778 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I 

Steady state with 
~oooooooo I ~ W E + O O  3 87 24 99 continuous addition 

S-8-69 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

-~ ~ 
- - ~  ~ 

RPP-4941 Rev 0-Appendix G 

A u t h o d e  Date {/35/OL’ Checked by &Q Date //&/lo 
/ 

- 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

244 S 
8 (Story 1) 

Table S8-17 (Cont’d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for rienrys K calculatton ana the Dynamlc Spreadsheet 

I I I I  244-S I I 

S-8-70 



DCRT 2444 
Case 8 (Story 1) 

Br 79916 0000E+00 0 0269 I 
20 71872705 2072068917) I I Average 

I 

S-8-71 



DCRT 
Case 

2 4 4 4  
8 (Story 1) 

S-8-72 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

-~ -~ ~ 

RPP-4941 Rev 0 Appendix G 

A u t h o r d c  Date!/doD Checked by 1)h ~ Date / !>r /&i l  

2444  

Correction Factor for Schumpe Model 1 

244s 
8 (Story 1) 

cri3 
Nit* 

OH’ 
K” 

pglml 338 Flow Rate of Waste w m  4 
pglml 12 Total Pressure in Vapor Space atm 1 

pglml 
r*g/ml 3375 Ventilation Flow Rate for Receiving Tank cfm 0 05 

40939 Total Veptilation Flow Rate for Stack cfm 0 05 

I I I I 1  I I I 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 1468 
gll 3 228 
pCilml 384 
OF 110 

S-8-73 



_ _  - __ . -_ - 
RPP-4941 Rev 0 Appendix G 

Author& c- D a t e 4 h e  Checked by 

Massfraction water in Iiq 
Liquid density (kg/m3) 
T (C) I 

DCRT 244-5 
Case 8 (Story I) 

0 43 Temperature 
1468 000 deg F 

43 110 
Temperature 

~~ ~~ 

Br’ 79 9161-0 OOOE + 001 0 0269 I I I I 
I I I I I [Average 1 20718727051 I 2 0720689171 I ! [ 

S-8-74 



~ ~- 
RPP-4941 Rev 0 Appendix G 

Author& c L 
DCRT 
Case 

2 4 4 4  
8 (Story 1) 

S-8-75 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPP-494TRTCAppendix G 

Author& Checked by A 3 % 
2 4 4 3  
8 (Story 1) 

2 4 4 4  
SX-105 
0 1  Correction Factor for Schumpe Model 1 
244 S 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter /Units lvalue 
NH- I d m l  I 743 

I I 
Tank Characteristics (Receiving Tank) 

Parameter tunits lvalue 
Percent Fill of Receivina Tank I% I 80 

Na” 
 AI+^ 
Fet3 
cri3 
N it2 

K” 
OH IwIml 409391 ITotal Ventilation Flow Rate for Stack (cfm 0 05 

1 1647761 ]Total Bubbler Flow Rate lcfh I 3 

wnl 235679 Volume of Vapor Space L 15359 
d m l  44040 Length of Waste Fall ft 3 1  
d m l  30 Inside Diameter of Receiving Tank n 15 
wlml 338 Flow Rate of Waste gpm 4 
wlml 12 Total Pressure in Vapor Space atm 1 
I*g/ml 3375 Ventilation Flow Rate for Receiving Tank cf m 0 05 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

S-8-76 

unitless 1 468 
gll 3 228 
pCilrnl 384 
OF 120 



~ ~ ~ _ _  - .__.__ 

RF'P 4941 Rev 0 Appendix G 
Author&? %la$*w, D a t e 1 2  / 6 /  ob Checkedby A,\.+ Date \ ! ) . c / o 6  

DCRT 244s 
Case 8 (Story 1) 

S-8-77 



- _ _ ~  
RPP-4941 Rev 0 Appendix G 

Author& e& Date!Jb+ Checked by \uJ.’t,, + Date I 1 % / 0 a 

DCRT 
Case 

2 4 4 4  
8 (Story I) 

S-8-78 



WPx4741 Rev-Ox$zdG G 

Date/ 26 D 6  Checked by &:'A .%& Date \ 1 &/a 
A u t h o r & c L  7 4 -  

DCRT 244 S 
Case 8 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

2444  
SX-105 
0 1  
244 S 

Correction Factor for Schurnpe Model 1 

I I I / I  I I I 

S-8-79 



~ - - _ _  
RPP 494 1 Rev-0 Appzdix G 

A u t h o r a e  h Datej/$+ Checked by &h e \ '16 /DO 

Ammonia 
Hydrogen 
Methane 

DCRT 244-3 
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
~~~~ 

~~~ 

gmoleslL (Iiq ) h (G)  KwatdKsalt (mollkgvdr at Henrys K Part P atm 
0 08731291 1 00481 1189866249 21 2653246 1 124743287 0077629191 

2 894E 02 2 968E+01 7 283E 04 1 544E 05 0 000E+00 
1 032E 02 7 216E+01 1 044E 03 9 105E 06 0 000E+00 

Br I 799161 0000E+001 0 0269 1 I I 1 

I I 20 71 872705 I 1 2 07206691 7 I I I I 
I I I I IAverage 

S-8-80 



DCRT 
Case 

244 S 
8 (Story 1) 

Time to fill from 0% 

Steady state with 
277778 100000000 2922E+00 7 75 50 00 continuous addition 

S-8-81 



DCRT 
Case 

Total Organic Carbon 
Cs 137 
Temperature 

RPP-4941 Rev Q Appendix G 

g/l 3 226 
pCilml 364 
OF 120 

DateJ&/O0 Checked by Date 117.1 !ap 

244s 
8 (Story 1) 

S-8-82 



R P P - 4 9 X R G - ~ A ~ d i x  G 
A u t h o r A e  &&--a. Date&& Checked by \.a %.L * 

DCRT 244s 
Case 8 (Story 1) 

S-8-83 

1 



DCRT 
Case 

i 

Equil "3 Conc in Vapor Space % N H ~ ( M ~ ~ )  

244 S 
8 (story 1) 

Based on Henrys 
15 53 % Law Constant 

6761 243444 I 5 845E+00/ 15 50 

. . .. . . . . - . . ... .. 
1661 59580 I 5 845E+00l 15 501 100 001 

I I I I ITirne to fill from 0% 
100 00lto 80% at 4gpm 

277778 

S-8-84 

Steady state with 
100000000 5845E+00 15 50 I00 00 continuous addition 



DCRT 
Case 

Source Tank ISX 105 

244 S 
8 (Story 1) 

I I 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 

I I 
Input Data for HenTs K ca.c,lat.on and the Dynamic Spreadsneet - 

2444  11-------- I 

Specific Gravity 

c s  137 
Temperature 

Total Organic Carbon 
unitless 1 468 

pCilml 384 
O F  130 

g/l 3 220 

I 

S-8-85 



DCRT 244s 
Case 8 (Story 1) 

S-8-86 



RPP7941 Rev 0 Appendix G 

A u t h o r d e  r Date{h+ Checked by &h.+Date t 1% /do 

6761 243444 

DCRT 
Case 

. . . . . . . . . . . . . . . . . . . . . 
1435E+00 3 87 24 98 to 80% at 4gpm 

244 S 
8 (Story I) 

277778 100000000 1435E+00 

Law Constant 

Steady state with 
3 87 24 98 continuous addition 

S-8-87 



RPP4%TRWO Append= G 

Source Tank 
Dilution Ratio 
Rpr~ivinn Tank 

DCRT 244 S 
Case 8 (Story I) 

2444 
SX 105 
01 Correction Factor for Schumpe Model 1 
9 A A  S 

Total Organic Carbon 
Cs 137 
Temperature 

g/l 3 228 
pCilml 384 
O F  130 

s-8-88 



RPP-4@41 Rev 0 Appendix G 

A u t h o r b c  % D a t e / , k b  Checked by 

DCRT 244s 
Case 8 (Story 1) 

Ammonia Calcula 

S-8-89 



RPP 4941 Rev 0 Appendix G 

Author& & Date&$/OO Checked by & tb $ Date 1 ILL /&, 

7 76 Equil "3 Conc in Vapor Space %NH,(..,, 

DCRT 
Case 

Based on Henrys 
% Law Constant 

244 S 
8 (story 1) 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I I I 

I I I I I I Variable I Variable I Variable I 
I Delta C 1 Delta C I Delta C I I 

49 99 Ito 80% at 4gpm 6761 243444 I 2 872E+00l 
I I I I ISteady state with 

2777781 100000000 1 2872E+00) 7751 49 99)continbous addition 1 

s-8-90 



RPP-4941 Rev 0 A p p e n d i x r  

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

Author& Date(j2$/Ob Checked by &h ?KbL Date I/Zc. /DO 

DCRT 2444 
Case 8 (Story 1) 

- 
Correction Factor for Schumpe Model 1 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I I I  240-S I I 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

._ _.  
unitless 1 468 
g/l 3 228 
pCilml 384 
OF 130 

S-8-91 



! 

RPP-4941 Rev 0 A p p e n d i s  

Author& e L Oat3&/60 Checked by Ab+ Date f 2~ / 0 3  

DCRT 2444  
Case 8 (Story 1) 

I I I I I 
Mass fradon water in Iiq 0431 ITemperature 
Liquid density (kglm3) I 14660001 I I I I ldeg F 
T (C) I I 54 I I 130 

S-8-92 



DCRT 
Case 

Equil "3 Conc in Vapor Space 

244 S 
8 (Story 1) 

Based on Henrys 
15 53 % Law Constant 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I I 

27777 81 100000000 I 5 745E+00l 15 501 99 98lcontinuous addition 

S-8-93 



RPP-4941 Rev 0 AppeiiaiX G n 

Source Tank SX-I 05 
Dilution Ratio 0 1  
Receiving Tank 244 S 

DCRT 2443 
Case 8 (Story 1) 

2444  

Correction Factor for Schumpe Model 1 

S-8-94 



RPP-4941 Rev 0 Appendix G 

Br 

A u t h o a  Date { I ! !  Checked by Ab %Date f Y&/&, 

79916 0000E+00 0 0269 0 

2071872705 2072068917 
Average 

DCRT 244s 
Case 8 (Story 1) 

S-8-95 



RPP-4941 Rev 0-AppendixG 

A u t h o r p B e 2 & & - t A %  Date</! /Ob Checked by&& & Date / ,h~ 
DCRT 2 4 4 4  
Case 8 (Story 1) 

Equil NH3 Conc in Vapor Space 

I I I 
Based on Henrys 

%NH3,max) 3 88 % Law Constant 

I I Variable I Variable I Variable I I Delta C I Delta C I Delta C I 
Time hours 

0 0100 
0 0183 
00333 

T sec NH3mole/m3 %NH3 I %LFL NH, I I 
n "*I 36 1 163E 02 

66 2 125E 02 " "" 
120 3 840E 02 0 11 

I 27777 81 100000000 1 1 410E+00/ 3 871 24 96lcontinuous addition I 

S-8-96 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

244 S 
8 (Story 1) 

-.. - 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

Table S8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for henrys K calcLlation and tne Dynamic Spreadsheet 

I I I1 3AA.S I I 

s-8-97 



RPP4941RFO Appendix G 

Author&% &d 7Date{/.Z$/m Checkedby Ab* Date !26/00 

Mass fracbon water in liq 

T (C) I 

DCRT 2444  
Case 8 (Story 1) 

0 43 Temperature 
1468 000 deg F 

~~~~~ 

60 140 
Temperature 

Ammonia 
Hydrogen 
Methane 

I I I I I I I I 60 

Schumpe Schumpe pure water K moil 
gmoles/L (Iiq ) h (G) Kwater/Ksalt (mol/kgwtr at Henrys n 

0 0561 9264 0 0481 11 89866249 13 68741 0 72394016 I I v V I  I ULWU I 

3 227E 02 2 533E+01 7 285E 04 1 810EOE.I ~-EMVI 1 
1 614E 02 5 466E+01 9 609E 04 1 106E 0 

S-8-98 



DCRT 
Case 

Equil NH3 Conc in Vapor Space %NHJIMax, 7 76 

2444  
8 (Story 1) 

Based on Henrys 
% Law Constant 

Time hours 
0 0100 
0 0183 
00333 
00617 

I 1 Variable I Variable I Variable I 
I neita c I ndta c I Delta C I 

T sec NH,mole/mJ %NH3 %LFL NH3 
36 2 329E 02 0 06 0 41 
66 4 254E 02 0 12 0 75 
120 7 688E 02 0 21 136  
222 1 406E 01 0 39 2 49 

277778 100000000 2823E+00 
Steady state with 

7 74 49 97 continuous addition 

S-8-99 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RPP-4941 Rev 0 Appendix G 

Y 
Author& p- 

2444  

Correction Factor for Schumpe Model 1 

2443 
8 (Story I) 

s-8-100 



DCRT 244-3 
Case 8 (Story 1) 

I I ~""r1U"'pe ,"""u"'pa pure wwer R rwvqliq) atm 

Ammonia I IO1124439961 0 0481 I 11 69666249 13 66741 0 7239401 61 
IgmoledL (Iiq )Ih (G) IKwater/Ksalt (mollkgwtr at Henrys K 

I 2 533E+01 7 285E 04 1 810E 05 
5 466E+01 9 609E 04 1 106E 05 

I I I I I I 
/PNL10765 1 

I I 1C.L I C _ L  I &._ I, I-.,,, I ,  "3 
Part P atm 
0 155322227 

0 000E+W 
0 WOE+W 

I I 60 

S-8-101 



DCRT 
Case 

Equil "3 Conc in Vapor Space %NHJrM,,, 15 53 

RPP- G 

Date/ &/ 60 Checked by Date I /Zk/& Author&c& 

2 4 4 4  
8 (Story 1) 

Based on Henrys 
% Law Constant 

S-8-102 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

2 4 4 3  
8 (Story 1) 

2444  
SX-105 
0 1  
244 S 

Correction Factor for Schumpe Model 1 

Specific Gravity 
Total Organic Carbon 
Cs 137 

unitless 1468 
gll 3 228 
pCi/ml 304 

S-8-103 



DCRT 244s 
Case 8 (Story 1) 

S-8-104 



RPP-4941 Rev 0 Appendix G 

Author&-,-- 

6 7 6  

27777 8 

DCRT 
Case 

243444 1389E+00 3 871 24 99 to 80% at 4gpm 

100000000 1 389E+00 3 87 24 99 continuous addition 
Steady state with 

244 S 
8 (Story 1) 

Table S8-17 (Cont’d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I I 1 

S-8-105 



DCRT 
Case 

Source Tank 
Dilution Ratio 
R ~ c ~ i v i n n  Tink 

A u t h o r d e .  Date !/+Ob Checked by & fi Date / ! > ~ , / d ,  

244-S 
SX 105 
0 1  
744 S 

Correction Factor for Schumpe Model 1 

244 S 
8 (Story 1) 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 1468 
gll 3 228 
pCilml 384 
OF 150 

S-8-106 



DCRT 244s 
Case 8 (Story 1) 

I I I 
Mass fraction water in Iiq 0431 
Liquid density (kg/m3) I 14680001 
T (C) I I 66 I 

I I 20 718727051 1 20720689171 I I I 
I I I I 

Temperature 
deg F 

150 

S-8-107 



UP-4941 Rev OTpFniiixG 

Author& &h&-dh. Date$b$/a 6 Checked by .$ ,+ Date / I  &,/O 8 

DCRT 
Case 

2 4 4 s  
8 (Story I) 

S-8-108 



_ _  
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A u t h o r E  -.o*c D a i e & # O 6  Checked by + Date r ! 2 6 / &  
4 

DCRT 2 4 4 4  
Case 8 (Story 1) 

S-8-109 



DCRT 244s 
Case 8 (Story 1) 

S-8-110 



DCRT 
Case 

2 4 4 3  
8 (Story 1) 

s-8-111 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RPP:493lXFCEAmdix G 

Author&&- Date 1/25/06 Checked by b Date / 126 ,/D 2 

2 4 4 4  

Correction Factor for Schumpe Model 1 

2 4 4 s  
8 (Story 1) 

S-8-112 



- 
4 

DCRT 244s 
Case 8 (Story 7) 

S-8-113 



RPP+ZKRFv 0 Appendix G 

Date $1 d e/ Ob Checked by & b e  Date I/u/&l A u t h o r d c  

DCRT 
Case 

244 S 
8 (Story 1) 

S-8-114 



DCRT 
Case 

Input Data for Henrys K calculation and the Dynamic Spreadsheet 
2444  

Source Tank SX 105 
Dilution Ratio 0 1  Correction Factor for Schumpe Model 1 
Receiving Tank 244 S 

244 S 
8 (Story I) 

S-8-115 



DCRT 244s 
Case 8 (Story 1) 

S-8-116 



DCRT 
Case 

I I 
Equil "3 Conc in Vapor Space %NHJIMax, 7 77 % 

2 4 4 s  
6 (Story 1 )  

Based on Henrys 
Law Constant 

277778 100000000 1 2733EtOOl 49 99lcontin~ous addition I 

S-8-117 



RPP-4941 R e F m S x  G 

Autilor&C&J.&--a--.-. Date5/3,/,0 Checked by -'pas& 

DCRT 244 S 
Case 8 (Story 1) 

s-8-118 
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Author&& ~ a t e 4 , b $ h  Checked by (6 Date I 126 / P a  

Ammonia 
Hydrogen 
Methane 

DCRT 2448  
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmoledl (Iiq ) h (G) Kwater/Ksalt (mollkgwtr at Henrys K Part P atm 
0074336346 00481 11 89866249 9043660443 0478327821 0155408785 

3 559E 02 2 161 E+01 7 422E 04 2 161 E 05 0 OM)E+OO 
2 196E 02 4 140E+01 9 126E 04 1 387E 05 0 00OE+00 

s-8-119 



DCRT 
Case 

277778 

244 S 
8 (Story 1) 

Steady state with 
100000000 5467E+00 15 50 99 97 continuous addition 

S-8-120 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

Date / 60 Checked by ! k. Date I ?.L & +-+- Author,& e .L 9r\ 

2444  

Correction Factor for Schumpe Model 1 

244 S 
8 (Story I) 

Nos ’ wlml 

cos PgIml 
Pod wlml 

NO2 ’ d m l  
164776 Total Bubbler Flow Rate cfh 3 
142805 Temperature of Air in Vapor Space OF 171 8 
14131 Stream Diameter inches 1 
3266 Tortuositv Factor unitless 1 

804 w/ml 

CI * mnl 
Lit’ I*glml 

F ’  KIlml 
4194 

8998 Fumigation Divisor at 100 meters unitless 1 
0 Non Fumigation Divisor at 100 meters unitless 1 

Initial Concentration of NH3 in the Vapor Phase mOle/mJ 0 
104 Surface Area of Still Waste m2 16 417 

8 r ’  
%H20 
Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

s-8-121 

- 

mn 0 Correction Factor for Schumpe Model unitless 1 
% 42 87 
unitless 1 468 
gll 3 228 
pCi/ml 384 
O F  170 

-___ ___ 



DCRT 244s 
case 8 (story 1) 

S-8-122 



--RPP-4941 Rev 0 Appendix G 

A u t h o r d e h  Checked by A kh )?k-, . Date l/7k,/w 

Equil “3 Conc in Vapor Space %NH3,Max) 

DCRT 
Case 

Based on Henrys 
3 86 % Law Constant 

244 S 
8 (Story I) 

Time hours 

Table S8-17 (Cont’d) SX-I05 Ammonia Calculations for Shurnpe Worst Case (99 pages) 
I I , , I I f 

Variable Variable Variable 
Delta C Delta C Delta C 

T sec NH3 mole/m3 %NH3 % LFL NH3 

676  

277778 

1341E+00 3 86 24 92lto 80% at 4gpm 243444 
Steady state with 

100000000 1341E+00 3 86 24 92 continuous addition 

S-8-123 



DCRT 244 S 
Case 8 (Story 1) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

244-S 

Correction Factor for Schumpe Model 1 

S-8-124 



DCRT 244s 
Case 8 (story 1 )  

I 

Mass fraction water in Iiq 0 431 I I I I ITernperature 
ldeg F , I I I 

Liquid density (kg/m3) I 14680001 

S-8-125 



DCRT 
Case 

2 4 4 3  
8 (Story 1) 

S-8-126 



__ --- 
RPP-4941-Rev 0 Appendix G 

Author& e %.&&--- Date{h$hO Checked by_$.,h ,+ Date I,/. L,/& 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 244s 
Case 8 (Story 1) 

-.. - 
SX 105 
0 1  Correction Factor for Schumpe Model 1 
244 S 

Table S8-17 (Cont’d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculatjon and me Dynamic Spreadsneet 

I I I I  3AA-S I I 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter lunits ]Value 
“3 I d m l  1039 

I I 
Tank Characteristics (Receiving Tank) 

Parameter ]Units /Value 
Percent Fill of Receiving Tank 1% 80 

S-8-127 



DCRT 244s 
Case 8 (Story 1) 

I I 20 718727051 I 2 072068917/ I I I 
I I I I 

S-8-128 



DCRT 
Case 

Equil "3 Conc in Vapor Space 15 55 % 

2 4 4 3  
8 (Story I) 

Based on Henrys 
Law Constant 

6 7 6  

27777 8 

243444 5 381E+001 15501 99 991to 80% at 4gpm 
Steady state with 

100000000 5 381E+00 15 50 99 99 continuous addition 

S-8-129 



DCRT 
C a s e  

WP-4941 Rev O-AmiTG 

A u t h o r a e  & 

244 s 
8 (Story 1) 

S-8-130 



I 

- - ~  - _ _ _ _ _ _  
RPP-4941 Rev 0 Appendix G 

A u i h o r & e L  Date /,&/Ob Checked by@ ,% Date i 1 26 / O b  

DCRT 2448 
Case 8 (story 1) 

S-8-131 



DCRT 
Case 

RPP-49rR5v- OApmdlx G 

Autho&P. Date ,I& 1 6 ,/ 06 Checked by &.b+ Date 

2445 
8 (Story 1) 

S-8-132 



DCRT 
Case 

RPP-4941 Rev 0 Appendix G 

A u t h o r a e  

244 S 
8 (Story 1) 

S-8-133 



R P P - 4 9 4 T ~ ~ ~ $ n ~ x  G 

A u t h o & e $ & ?  Oate&/OO Checked by Ah- Date / 2 6 / k  

Ammonia 
Hydrogen 
Methane 

DCRT 244s 
Case 8 (story I) 

Schumpe Schumpe pure water K mol/L(liq) atin "3 
gmoles/L (liq ) h (G) Kwater/Ksalt (mol/kgwtr at Henrys K Part P atm 
1 799691 146 0 0481 1983110415 73 15835385 2321649039 0 077517795 

2 064E 02 4 41 1E+01 8 025E 04 1 145E 05 0 000E+00 
4 238E 03 1 445E+02 1 537E 03 6 696E 06 0 000E+00 

____ __ 
- 

S-8-134 



DCRT 
Case 

RPP-4941 Rev 0 A p p X G  

Author& e- Date !125b Checked by A,&-%& Date 1 / 2 6 / m  

244s 
8 (Story 1) 

Equil "3 Conc in Va 

S-8- 135 



DCRT 
Case 

RF'P-4941 RKFO- 

A u t h o r a e  ~ a t e & / 6 6  Checked by a Date 1/%,/m 

244 S 
8 (Story 1) 

S-8-136 



DCRT 244s 
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm NH3 
gmoleJL (Iiq ) h (G) KwatedKsalt (mol/kggwtr at Henrys K Part P atm 

Ammonia 3 599382292 0 0481 1 983110415 73 15835385 23 21649039 0 15503559 
Hydrogen 2 064E 02 4 41 1 E+01 8 025E 04 1 145E 05 0 000E+00 
Methane 4 238E 03 1 445E+02 1 537E 03 6 696E 06 0 000E+00 

. 

I 20 718727051 1 20720689171 

S-8-137 



DCRT 
Case 

Equil NH3 Conc in Vapor Spa o~NHB(Maxl 15 50 % 

RPP:494lTeV-OFA-G 

A u t h o r a e  Date $k?5/66 Checked by . h , b L  Date 1/26/00 

Max NH3 Conc Based on 
Henrys Law Constant 

2445 
8 (Story 1) 

S-8-138 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

- - ~  - - 
RPP-4941 Rev 0 Appendix G 

244-S 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
Input Data for Henrys KcalcJlatlon and tne Dynamic Spreaasheet 

S-8-139 



- -. 
RPP-4941 Rev 0 Appendix G 

A u t h o r A C  & Date /,h+/6DChecked by& Ib I$ Date I 1 26 ,f@u 
U 

Br' 

bCRT 244s 
Case 8 (Story I) 

79916 0000E+00 0 0269 0 

2 07206891 7 
Average 

20 71 872705 
- ___ I I 

Mass fraction water ,n I q ! 0 43 ITemperature 

I T lcl 7 7  I 
L qu d dens ty (kglm3) I '468 0001 .. . . I I ldeg F 

S-8-140 



DCRT 
Case 

R 6 z 4 1  Rev 0 Appendix G 

A u t h o r a e -  Date !/?/Oi7 Checked by 2 #a. 6 Date 112 6,/&0 

244s 
8 (Story 1) 

S-8-141 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RPP~9-iTev-OAppendix G 

Author& e 
244 S 
6 (Story 1) 

2444 

Correction Factor for Schumpe Model 6 

Specific Gravity 
Total Organic Carbon 
cs-I 37 
Temperature 

unitless 1 468 
gll 3 228 
pCi/ml 384 
OF 80 

S-8-142 



fi<-4941 R e n  Appendix G 

Author& c %led2asu- Date/ Checked by s). $ Dak.+!&i/& 

DCRT 244s 
Case 8 (Story 1) 

S-8-143 



RPp-7941 Rev 0 Appendix G 

A u t h o d e  Date / ,/ 2 6  / 00 Checked by Date l/Z6{00 

I 
Equil "3 Conc in Vapor Spa % N H B , ~ a x )  7 75 % 

I 

DCRT 
Case 

Max "3 Conc Based on 
Henrys Law Constant 

244 S 
8 (Story 1) 

t 7 761 snnnl 1 ___ 

S-8-144 



I 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

RPP-4941 Rev O m d Y G  

Date </+60 Checked by Ah 6 Date / ! 2 c  /$-I A u t h o r d e L  

DCRT 2 4 4 4  
Case 8 (Story 1) 

2 4 4 4  

Correction Factor for Schumpe Model 6 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter Units Value 
"3 d m l  47070 
Na ' d m l  235679 
~ 1 + 3  wlml 44040 

I I 
Tank Characteristics (Receiving Tank) 

Parameter Units Value 
Percent Fill of Receiving Tank Yo 80 
Volume of Vapor Space L 15359 
Length of Waste Fall ft 3 1  

S-8-145 



DCRT 2444 
Case 8 (Story 1) 

S-8-146 



DCRT 
Case 

Equil "3 Conc in Vapor Spa 

244 S 
8 (Story I )  

Max "3 Conc Based on 
%NH3(Max, 15 50 % Henrys Law Constant 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 

227 
335 
538  
827 
968 

8154 6 276E+00 15 50 100 00 
12060 6 276E+00 15 50 100 00 
19362 6 276E+00 15 50 100 00 
29784 6 276E+00 15 50 100 00 
34860 6 276E+00 15 50 100 00 

27777 8 

I I I I I /Time to fill from 0% to 80% I 

Steady state with 
100000000 6 276E+00 15 50 I00 00 continuous addition 

S-8-147 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  

RPP7941Re?-Oxppendix G 

A u t h 0 r a e - L  Date I,+/& Checked by 9 Date* 

2444  

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

Specific Gravity 

Cs 137 
Total Organic Carbon 

Temperature 

unitless 1 468 
gll 3 228 
pCi/ml 384 
O F  90 

S-8-148 



DCRT 244s 
Case 8 (Story 1) 

Source Tank ISX 105 [INPUT DATA IDate 1 36539360331 [Revision OINH, 

- I I I I I I I ldeg c 
13222222222 

I I I I lPNL10785 
1 I 

Icrhllmnn ICrhllmn. Y 

Ammonia 

I 1 ,-c.lIuI , 'r- ,SF- ,,-,- ,\ 
gmoles/L (Iiq )Ih (G) IKwatedKsalt (mol/kgwtr at 
0 5353860971 004811 1 983110415 4352508667 

I 7 3 764E+01 7 576E 04 
I I JO+C UJI 1 095E+02 1 271E 03 ~wiernane 

mol/L(liq) atm NH3 
Henrys K Part P atm 
1381249991 0038760985 

1 267E 05 0 000E+00 
7 308E 06 0 000E+O0 

S-8-149 



DCRT 244 S 
Case 8 (Story 1) 

S-8- 150 



W P ~ - A - G  

~ r \  Date/ b Checked by 4 D  Date! I /  2 6  o b  
/ I  

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 2 4 4 s  
Case 8 (Story 1) 

SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

Table S8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
Input Data for henrys X calcJlation and tne Dynamic Spreadsheet 

Br’ 
%H20 
Specific Gravity 
Total Organic Carbon 
Ca 127 

2444 

wglml 0 Correction Factor for Schurnpe Model unitless 6 
Yo 42 87 
unitless 1468 
g/l 3 228 
uCi/ml 084 

I I I I 
Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank) 

Parameter /Units lvalue Parameter IUnits /Value 
I 18235 Percent Fill of Receivina Tank I% I 80 

S-8-15 1 



DC RT 2444  
Case 8 (Story 1) 

S-8-152 



DCRT 
Case 

Equil "3 Conc in Vapor Spa 

RPP-494nG O-AppeSix G 

A u t h o a  e- Date l , ) ! b O  Checked b y 1  

Max "3 Conc Based on 
%NHSIMax, 7 75 % Henrys Law Constant 

244 S 
8 (Story 1) 

Time hours 
0 0100 
0 0183 
00333 
n o r m  

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I I I I i I 

T sec NH3mole/m3 %NH3 %LFL,NH3 
36 1 870E 01 0 47 3 03 
66 3 341E 01 0 84 5 42 
120 5 803E 01 1 46 9 42 
777 9 RFSRF n i  7 AI4 16 n i  - _ _  .. 

01033 
01750 

0332 
0620 
I n?s 

I I I I i 
1 Variable 1 Variable I Variable I 

I 1 DeltaC I Delta C I DeltaC I 

___ - - - - - - . - .- 
372 1468E+00 3 69 23 82 
630 2 051E+00 5 16 33 28 
1194 2 695E+00 6 78 43 73 
2232 3 017E+00 7 59 48 97 
1776 ? n7fi~+nn 7 74  AQ Q7 . _ _ _  _ .  _ _  - -. - - - - 

227  8154 3 081E+00 
335  12060 3 081E+OO 
538 19362 3 081E+00 
827 29784 3 081E+00 
R f i R  ?dRRO nniF+nn 

. . .  .- -- 
7 75 50 00 
7 75 50 00 
7 75 50 00 
7 75 50 00 
7 75 5n nn 

. _____ 

- - - 
109  
132  
166  

- . - - - - - - . - - - . .- -- -- 
39300 3 081E+00 7 75 50 00 
47640 3 081E+00 7 75 50 00 
59580 3 OBlE+OO 7 75 50 00 

Time to till from 0% to 80% 
6761 243444 1 3 081E+001 7751 50 OOlat 4gpm 

I I 1 I ISteadv state with , ...-.. 
27777 81 100000000 I 3081E+00/ 7751 50 OO~conhnuous addibon 

S-8-153 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

244 S 
8 (Story 1) 

2 4 4 4  
SX 105 
01 
244 S 

Correction Factor for Schumpe Model 6 

S-8-154 



RPP-494-1 RG- OApFndTzG 
Author# Date!/+O Checked by $tJ + Date&06 

Ammonia 
Hydrogen 
Methane 

DCRT 244s 
Case 8 (Story 1) 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmoles/L (Iiq ) h (G) Kwater/Ksalt (mol/kgwtr at Henrys K Part P atm 
2 141661822 0 0481 1 9831 1041 5 43 52508667 13 81 249991 0 155052441 

2 396E 02 3 764E+01 7 576E 04 1 287E 05 0 000E+00 
1 584E 03 1 095E+02 1 271 E 03 7 308E 06 0 000E+00 

S-8-155 



RPP~49T~Zi i  O-ATFeniix G 

Author& C h  Date </+/@Checked b y A %  %$-- Date $ 2 6 1 0 ~  

244 S 
8 (Story 1) 

Equil "3 Conc in Vapor Spa %NH31Max, 

DCRT 
Case 

Max "3 Conc Based on 
15 51 % Henrys Law Constant 

Table 58-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I I I I I I I 

27777 6 100000000 
Steady state with 

6 163E+00 15 50 100 00 continuous addition 

S-8-156 



RPP1494-TRev 0 A p p z d r G  

Author& e L  4 k.+ Date !a/@ 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 2 4 4 4  
Case 8 (Story 1) 

SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

Table S8-18 (Cont’d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
In ut Data for Henrys K ca.cu.at.on and the Dynamic Spreadsneet 

I 1 3AA.S I I 
,-___-_ 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter Units Value 
”3 M m l  7125 
Na ’ d m l  235679 
AIi3 d m l  44040 

I I 
Tank Characteristics (Receiving Tank) 

Parameter Units Value 
Percent Fill of Receiving Tank % 80 
Volume of Vapor Space L 15359 
Length of Waste Fall ft 3 1  

Fe’3 
cri3 

pglml 30 Inside Diameter of Receivrng Tank ft 15 
mnl 338 Flow Rate of Waste gpm 4 

3375 Vent a1 on Flow Rate for Receiving Tank lcfm 0 05 
Venriiar on Flow Rate for Stack lcfm 0 05 

Ni” ,~g lm l  12 Total Pressure in Vapor Space 

164776 Total Bubbler Flow Rate cfh 3 

14131 Stream Diameter inches 1 

- 
NO2 ’ w/ml 142805 Temperature of Air in Vapor Space OF 101 a 

atm 1 

S-8-157 



DCRT 244s 
Case 8 (Story 1) 

S-8- 158 



DCRT 
Case 

2 4 4 3  
8 (Story 1) 

Steady state with 
277778 100000000 1513€+00 3 87 25 00 continuous addition 

S-8-159 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Warannnn Tank 7 A A  .S 

RPPz4941-ReV O - A m i x  G 

Author& e u u  3," + Date /,/2</Op 

2 4 4 4  

Correction Factor for Schumpe Model 6 

2 4 4 s  
8 (Story 1) 

I I I I  I I I 

S-8-160 



WP-4941 Rev 0 Appendix G- 

A u t h o k a  e u- Date$/+ Checked by# ** Date / 2 6 / O a  

DCRT 244 s 
Case 8 (Story I )  

I I I I I I I I 
Mass fraction water in Iiq 0431 ITemperature 
Liquid density (kgglm3) I 14680001 I I I I ldeg F 
T If.\ I I 901 I I "n 

8 ("I I I a01 I I I I I I UU 

I Temperature 

S-8-161 



DCRT 
Case 

Equil "3 Conc in Vapor Spa %NH3(Max) 

RPP-4941 Rev 0 Appendix G 

Author c& cd&- Date* Checked by \ (72 . a-f?-. Date !/2f/h5 

Max "3 Conc Based on 
7 75 % Henlys Law Constant 

244 S 
8 (Story 1) 

I I Variable I Variable I Variable I 
I neita c I neita c I 

. . . . . - ._ . ... . . -. . . - . - ._ - - . - 
6761 243444 1 3 026E+00 50 00 at 4gpm 

I I I I ISteadv state with 
27777 81 100000000 I 3 026E+001 7 751 50 OOlconbrious addition 

S-8-162 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RF'P 4941 Rev 0 Appe;;dlx G 

Author& %&-A Date;/+O Checked by& Date 7/?6/& 

1 

2 4 4 4  
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 1 468 
gll 3 228 
pCilml 384 
O F  100 

1 1647761 /Total Bubbler Flow Rate /cfh I 

S-8-163 



RPP-4941 Rev 0 Appendix G 

A u t h o r s e  *Date!/Zf/bOChecked b y & b  Date /]>6[0' 

DCRT 244s 
Case 8 (Story 1) 

S-8-164 



DCRT 
Case 

_ _  
RPP-4941 Rev 0 Appendix G 

Autho Date $/* Checked by 2 ;b Date&/o.j 

244 S 
8 (Story 1) 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I I I I I 

6761 243444 I 6 052E+00/ 15501 
Steady state with 

277778 100000000 6052€+00 15 50 100 00 continuous addition 

S-8-165 



DCRT 
Case 

Source Tank 

- FS'P 4941 Rev 0 Appendix G 

Authorfie&- D a t e $ / ! b  Checked by 4 Date /,h 6 , / h  
4 

244 S 
8 (Story 1) 

2444  
SX 105 

I I I I I 

S-8-166 



DCRT 244s 
Case 8 (Story 1) 

I 
Temperature 

. . . . I 
_. - Mass fract on water n I q 

I I 
Liquid density (kglm3) 
T I C )  i i n  

0 431 
I 1468 000 - .. - 

. .- , \ - I  

I I I I I I I ]Temperature 
ldeg C 

I I I I I I I 14333333333 

S-8-167 



DCRT 
Case 

Equil "3 Conc in Vapor Spa 

--- 
RPP-4941 Rev 0 AppendiFG- 

Author&.- Date \fk?$/69 Checked by 6 ,h ?$-- Date I 12 6 /Do 

2 4 4 4  
8 (Story I) 

Max "3 Conc Based on 
%NH3,Max, 3 88 % Henrys Law Constant 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I I I I I I 

6761 243444 I 1486E+00l 25 OOlat 4gpm 
Steady state with 

27777 8 100000000 1 486E+00 3 87 25 00 continuous addition 

S-8-168 



RPP-4W Rev 0 A p p x x  G 

Some Tank 

Author&-<.- Date $/VM Checked by Ah ,e Date 1/26 /ha 

2 4 4 4  - 
I SX 105 .. 

DCRT 2 4 4 4  
Case 8 (Story 1) 

S-8-169 



DCRT 244s 
Case 8 (Story 1) 

S-8-170 



DCRT 
Case 

S-8-171 



DCRT 
Case 

Source Tank SX 105 
Dilut,on Ratio 0 1  
Recpivino Tan4 244 S 

RPP:4941-Revp0 ApPKdiFG 

Date I , / ! .  06 Checked by .J h %& Date / !zL/- Author & e 

-I.l-IIzl. 2444 
- 

CorrectonFactor for Scnurnpe Model 6 
- T I -  

244 S 
8 (Story 1) 

S-8-172 



- -- 
RPP 4941 Rev 0 Appendlx G 

Author& e & Date1/624/60 Checked by 

I I 
0 43 Mass fraction water in Iiq 

Liquid density (kg/m3) 1 1468000 

DCRT 244s 
Case 8 (Story 1) 

Temperature 
deg F 

T (C) I I 43  
Temperature 
deg C 
43 33333333 

. .. .. . . .. .. 
PNL 10785 

Schumpe Schi 

110 

S-8-173 



DCRT 
Case 

Equtl "3 Conc in Vapor Spa 
Max "3 Conc Based on 

%NHgMaXI 15 51 % Henrys Law Constant 

S-8-174 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

2 4 4 3  
8 (Story 1) 

2444  
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

S-8-175 



DCRT 244s 
case 8 (Story 1) 

Ammonia 
Hydrogen 
Methane 

Br I 799161 0 000E+001 0 0269 I I I I 
I I I I IAverage 

I I 20 71 872705 I I - 1 2 072068917) I I I 
I I I 

, ,.* ,-.-- 
Schumpe Schumpe pure water K mol/L(liq) atm “3 

gmoleslL (Iiq ) h (G)  KwaterlKsalt (mollkgwtr at Henrys K Part P atm 
0 261586429 00481 1 983110415 21 2653246 6 748459719 003876239 

2 894E 02 2 968E+01 7 283E 04 1 544E-05 0 0WE+00 
1 032E 02 7 216E+01 1 044E 03 9 105E 06 0 WOE+OO 

S-8-176 



Rpp-4941 Rev 0 Appendix G 

A u t h o r s  P Date !/2$.h6 Checked by 

Steady state with 

DCRT 
Case 

277778 100000000 

244 S 
8 (Story 1) 

1461E+00 3 87 25 00 continuous addition 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I 

I I I I I 
Max "3 Conc Based on 

Equil "3 Conc in Vapor Spa %NHBtMax, 3 88 % Henrys Law Constant 
I I 

S-8-177 



EmRev- O X i r i d r x G  

Date4h./OO Checked by 5,- & Date& Autho 

DCRT 244 S 
Case 8 (Story I) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2 4 4 4  

Correction Factor for Schumpe Model 6 

S-8-178 



DCRT 244s 
Case 8 (Story 1) 

Ammonia 
Hydrogen 
Methane 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
gmoledl (Iiq ) h (G) KwatedKsalt (mol/kgwtrat Henrys K Part P atm 
0 523231576 0 0461 1 983110415 21 2653246 6748459719 0 077533481 

2 894E 02 2 968E+01 7 283E 04 1 544E 05 0 000E+00 
1 032E 02 7 216E+01 1 044E 03 9 105E 06 0 000E+OO 

S-8-179 



DCRT 
Case 

244s 
8 (Story 1) 

S-8-180 



RF'P-4941 Rev O-AmdZG- 

Author& P h Date{/+ 60 Checked b y b  ~b $, Date I,/? 6 / 0 8  

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2444  
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter /Units /Value 
NH? I d m l  I 17822 

I I 
Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue 
Percent Fill of Receivino Tank I I An 

Na ' Iw/ml I 2356791 /Volume of Vapor Space IL 15359 

Fei3 1dml  301 llnside Diameter of Receiving Tank In 

S-8-181 

15 



DCRT 244s 
Case 8 (Story 1) 

--numpe Iacnumpe pure warer K lmol, 
L 

I I I 

I lPNL10785 I 
/L(liq) atin 

lnci 7**ACn749 
I5 
16 

^ .  . ., Sr' 

-. , .. irys K ---,--,, I,... \ 

aeg ti 
4a8a8a8aag 

"3 
Part P atm 
0 155066963 

O000E+00 
O000E+00 

I I Y I ~ ~ U W W L  p, ,lh (G) IKwatedKsalt 
Ammonia I 1 0464631521 004ail I 9a3110415 

S-8-182 

(mol/kgwtr at lHar 
21 z653,,,, ,_Iy- 1 1 , 1  



__ 

A u t h o r d c  .& Date</@oO Checked by \b & Date ILL u D p  

RPP 4941 Rev 0 Appendix-G 

DCRT 244 S 
Case 8 (Story 1) 

Steady state with 
277778 100000000 5844E+00 15 50 100 00 conbnuous addihon 

S-8-183 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 s 

RPP-4941 Rev 0 Appencfix-e 

Date !/26/66 Checked by \%( Author& e- Date !/2q/DcJ 

2444  

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

. 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless I 468 
gll 3 228 
pCiIml 384 
OF 130 

I I / I  I I I 

S-8-184 



RPP 4941 Rev 0 Appendix G 

Author& c L  Date1/2406 Checked by Ab, & Date f,/?G/o) 

DCRT 244s 
Case 8 (Story 1) 

S-8-185 



DCRT 244 S 
Case 8 (Story 1) 

676)  243444 I 1437€+001 2500lat 4gpm 
Steady state with 

277778 ~oooooooo I 437~+00  3 88 25 00 continuous addibon 

S-8-186 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 s 

RFT~4941RET 0-Amdidlrt-G ~- 

A u t h o r A e  &- 

2 4 4 4  

Correction Factor for Schumpe Model 6 

244 S 
8 (Story 1) 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter Units Value 
"3 d m l  7125 
Na" tdm l  235679 
~ 1 + 3  d m l  44040 

I I 
Tank Characteristics (Receiving Tank) 

Parameter Units Value 
Percent Fill of Receiving Tank % 80 
Volume of Vapor Space L 15359 
Length of Waste Fall ft 3 1  

Fei3 
cri3 
N i 2  
K*' 
OH' 

d m l  30 Inside Diameter of Receiving Tank ft 15 
d m l  338 Flow Rate of Waste gpm 4 
pglml 12 Total Pressure in Vapor Space atm 1 
pglml 3375 Ventilation Flow Rate for Receiving Tank cf m 0 05 

Total Ventilation Flow Rate for Stack d m l  40939 cfm 0 05 

Temperature 1°F 

s-8-187 

1301 1 



RPP-4941 Rev 07A-i~ Crc 
A u t h o r & c - k  Date< / !  00 Checked b y d , %  Date \/&&'d 

Y 

OH ' 

DCRT 244s 
Case 8 (Story 1) 

17 00741 2 41 I 008391 0 2019580951Hydrogen 1 02991 002181 
No3 ' 62 00491 2 66 0 01281 00340155121Methane 

I ,. .... - . _  . . . . - . . . . . .__ 
~~ I I I 

COa 60 00921 0 241 0 14231 0 0335082861 
PO" I 94 96761 0 21 19 I 0 007266363 I I I I 

0 524) 0 00221 

S-8-188 



DCRT 
Case 

Equil "3 Conc in Vapor Spa 

R P P T 9 m F O  Appendix G- 

Author&&? Date 5/25/60 Checked by 

Max "3 Conc Based on 
%NHS(Maxl 7 75 % Henrys Law Constant 

2 4 4 4  
8 (Story 1) 

277778 
Steady state with 

100000000 2873€+00 7 75 50 00 continuous addition 

S-8-189 



WP-4941 Rev CTA-dirG- 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2444 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

2 4 4 3  
8 (Story 1) 

s-8-190 



RPP-4941 Rev 0 Aj5j%iialT€r- 

Autho Date (/%/ODChecked by \nb & Date 

DCRT 2444  
Case 8 (Story 1) 

S-8-191 



_ _ ~ _ _  - 
RPP-4941 Rev 0 ,Appendix G 

Equil "3 Conc in Vapor Spa 

Author& e Date !/2$/00 Checked by \,b , k k  , Date / ! 2 6 / ~ p  

Max "3 Conc Based on 
15 51 % Henrys Law Constant 

DCRT 
Case 

2 4 4 3  
8 (Story 1) 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I I I I 

S-8-192 



RPP47q 0-Appendix G 

/ 
A u t h o r a e  Date{/2$//66 Checked by 

DCRT 244 S 
Case 8 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

2 4 4 4  
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

I I 
I I  

S-8-193 



DCRT 2444  
case 8 (Story 1) 

S-8-194 



~- __ 
RF'P-4941 Rev 0 Appendix G 

Author&'=,- Date{/?/Ob Checked by \,,b, rzsh Date l / ? A / o c )  

DCRT 244s 
Case 8 (Story 1) 

S-8-195 



DCRT 
Case 

-... 

~~ 

RF'Pr494 1 Rev OKXppXdiT 

A u t h o r a e  %/A- Date {/+60 Checked by 9 Date 1, /26!05  

___ - . . .- 
2 4 4 4  

244 S 
8 (Story I) 

-_ - __ 

S-8-196 



RPP-4941 R e v 3  Appendix G 

Authorf ie  k Date /,/+/!.’.. Checked by ,h tQ 

DCRT 2 4 4 8  
Case 8 (Story 1) 

S-8-197 



DCRT 
Case 

RPP-4941 Rev 0 AppendixG 

Author& e .%L Date 41 26 ,/ 60 Checked b 6 ID Date //‘26/&2 

244 S 
8 (Story 1) 

Steady state with 
277778 100000000 2825E+00 7 75 50 00 continuous addition 

s-8-198 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPP-4941 Rev 0 Appendix G 

Author&. Date&/&3 Checked by 
B 

2444 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

2 4 4 s  
8 (Story 1) 

S-8-199 



DCRT 244s 
Case 8 (Story 1) 

S-8-200 



DCRl 
Case 

244 S 
8 (Story 1) 

S-8-201 



DCRT 
Case 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

244 s 
8 (Story I) 

2 4 4 4  

Correction Factor for Schumpe Model 6 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter ]Units ]Value 
NH- I d m l  I 2324 

I I 
Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue 
Percent Fill of Receivino Tank I o/n I m 

Na” ll*g/ml 1 2356791 ]Volume of Vapor Space IL 15359 
AI IwIml 

NO2 wlml 142805 Temperature of Air in Vapor Space OF 151 8 

3266 Tortuositv Factor unitless 1 
cos @ml 14131 Stream Diameter inches 1 

440401 /Length of Waste Fall Ifl 3 1  

S-8-202 

Fei3 
crt3 
Nit* 
K ’  

l*gIml 30 Inside Diameter of Receiving Tank fl 15 
mIml 338 Flow Rate of Waste gpm 4 
M m l  12 Total Pressure in Vapor Space atm 1 
l*glml 3375 Ventilation Flow Rate for Receiving Tank cfm 0 05 

OH IvgIml 409391 /Total Ventilation Flow Rate for Stack I cfm 0 05 



- ~~ ___-__ _ _  
RPP-4941 Rev 0 Appendlx G 

A u t h o r p a r  Date / hb/OOChecked I by Date !!%bo 
DCRT 244s 
Case 8 (Story 1) 

I 799161 0 000E+001 0 0269 I I I I 
I I I I IAverage I 20718727051 1 2 07206891 7 I 

I I . . . . . ._ I 
I 
IgmoledL (Iiq )Ih (G) Kwater/Ksalt (mollkgwtr at Henrys K Part P atm 

Ammonia 1 0 136459453 I 0 0481 1 9831 1041 5 1 1 091 26307 3 51 9764852 0 03876948 
I I 2 2QqE n7 2 340E+01 7 338E 04 1 974E 05 0 OWE+OO 

ivieinane 1 I J V J C  VL 4 757E+01 9 331 E 04 1 234E 05 0 OWE+OO I 

S-8-203 



DCRT 
Case 

6761 243444 1 _____ 1389E+00 

277778 100000000 1389E+00 

Author& e plr D a t e 4 4 2 9 5  Checked by hkb& 

3 871 25 OOlat 4gpm 

3 87 
Steady state with 

25 00 continuous addition 

2444 
8 (Story 1) 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
I '  I I I I I 

S-8-204 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

- ~ - ~ _ _ _  
@P 4941 Rev 0 Appendix G 

Autho rzg -  Datej/!!OD Checked by bbC+ Date ,/?6/bO 

- 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

244s  
8 (Story I) 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

Table S8-I8 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
Input Data for Hen2 s X CalculaLon ana the Dynam c Spreadsheet 

I I -- I I - . - - - -  244-S I I 

unitless 1468 
g/l 3 228 
pCilml 384 
OF 150 

S-8-205 



_____ ~ 

RF'P-4941 Rev 0 Appendix G 

Author& cf % - Date&/,% Checked by 

DCRT 244s 
Case 8 (Story 1) 

S-8-206 



-- _.__ 
RF'P-641 Rev 0 Appendix G 

Equil "3 Conc in Vapor Spa 

DCRT 
Case 

Max "3 Conc Based on 
%NHalMax) 7 76 % Henrys Law Constant 

2 4 4 5  
8 (Story 1) 

I I Variable I Variable I Variable I 
I neita c I neih c I neita c I - - - 

Time hours1 T sec 1 NH,mole/m31 %NH3 I %LFL,NH3 I 
00100~ 36 1 7740E021 0 221 1391 
n n l R R l  fifi n RDI 7 S71 

S-8-207 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPPI4941Rev O A f p & i ~  

Date /2  06 Checked by &b+ Date 
I I 7 4 -  

Autho 

2 4 4 s  
8 (Story 1) 

2 4 4 4  
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

I I I I 1  I I 

S-8-208 



WP-4941 Rev 0 Appendix G 
Author& c& Date (kflZ6 Checked by Date I! 24 /Ob &b- 

I 
Mass fraction water in Iiq 
Liquid density (kgglm3) 
T (C) I 

DCRT 244s 
Case 8 (Story 1) 

0 43 Temperature 
1468 000 deg F 

66 150 
Temperature 

Br I 799161 0000E+001 0 02691 I I I 
I I I I IAverage 1 12071872705! I I 1 I 20720689171 I I j ! 

I I I I I I I (deg C I 65 55555556 
I I I I I I 

I I .rdS.,E, Y L ,  

Methane I I 1905E 021 4757E+011 

S-8-209 



DCRT 
Case 

I 
Equil "3 Conc in Vapor Spa %NH3(Max, 15 51 % 

244 S 
8 (Story 1) 

Max "3 Conc Based on 
Henrys Law Constant 

277778 100000000 5557E+00 15 50 
Steady state with 

100 00 conbnuous addiuon 

S-8-210 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Rpcpivinn Tank 

RF'P~94~RG--O-Ap@mdKG 

Author& e -Date+$/,, Checked by *Date 1,/26,/00 

244 S 
8 (Story 1) 

2444  
SX 105 
0 1  
344 S 

Correction Factor for Schumpe Model 6 

S-8-211 



DCRT 244s 
Case 8 (Story 1) 

NO, ' 
coo 
Po4 
so4 
F '  

Table S8 18 (Cont d) SX-105 Ammonla Calculations for WSU Model Worst Case (99 pages) 
Source Tank ISX 105 /INPUT DATAIDate I 36534 372121 I Revision OlNHj 

I I I I I I lll"lrnl 

46 0055 3 10 0 0795 0 246775523 
60 0092 0 24 01423 0033508286 
94 9676 0 0 3  02119 0007286303 
96 0576 4 366E 02 01117 0004877295 

19 5 4 6 6 E 0 3  0 092 0 000502694 

S-8-712 



WP-4941 Rev 0 Appendix G 
Author.& e %wta.-~- ~ k r  D a t e d / q 6 6  Checked by &b,& Date (/ab 

- 67 61 243444 1 1367E+00 ___ 
277770 100000000 1367€+00 

3 871 24 991at4gpm 

3 a7 
Steady state with 

24 99 continuous addition 

S-8-2 13 



DCRT 
Case 

RPP-@43 Xev-0 7ipmdiYG 

Date~/?.L?bo Checked by ,&b T 6 Date I,/?r,L A u t h o r S C  
/ 

2 4 4 4  
8 (Story 1) 

S-8-214 



DCRT 244s 
Case 8 (Story 1) 

Br 799161 0 O O O E f O O  0 0269 0 
I Average 
\2071872705 2072068917 
I 

S-8-215 



DCRT 
Case 

Equil "3 Conc in Vapor Spa %NHqMaX) 7 76 % 

RF'P-49a-Rev -0 Appendix G 

/ 
Auth0ra-C- 

Max "3 Conc Based on 
Henrys Law Constant 

2444 
8 (Story 1) 

277778 100000000 2734Et00 7 75 50 00 
Steady state with 
continuous addition 

S-8-216 



DCRT 
Case 

SoLrce Tank 
Dilutton Ratio 
Receiv ng Tann 

RF'P-&T41Re7 cApp&dTx G 

Author& e f & ! L  Date I,/.2q06 Checked by ,? I ?&(A_ Date 
/ 

I 2 4 4 4  

I 
_. - .I -1 

SX 105 
0 1  
244 S 

'CoKct on Factor for Scnurnpe Model 6 -- .. ._ .. 

I 
... -. - 

244 S 
8 (Story 1) 

S-8-217 



~ _ _ _ _  / 
RPP-4941 Rev 0 Appendix G 

Author- Date-Checked by d.$+ Date&& 

DCRT 2444  
Case 8 (Story 1) 

S-8-218 



-_ 
RPP 4941 Rev 0 Appendix G 

AuthorBC,  Date (/2$,/ 06Checkedby &% %& Date '/%/& 

Equil "3 Conc in Vapor Spa %NHs(M~~)  15 51 % 

DCRT 
Case 

Max "3 Conc Based on 
Henrys Law Constant 

244 S 
8 (Story 1) 

2777781 100000000 1 5468~+00l 15 501 100 001contin;ous addition 

S-8-219 



DCRT 244 S 
Case 8 (Story 1) 

Source Tank SX 105 
Dilution Ratio 0 1  
Receiving Tank 244 S 

2444  

Correction Factor for Schumpe Model 6 

S-8-220 



DCRT 244s 
Case 8 (Story 1) 

S-8-221 



DCRT 
Case 

277778 

244 S 
8 (Story 1) 

Steady state wlth 
100000000 1346E+00 3 88 25 00 continuous addition 

I I I I ITtme to fill from 0% to 80% I 

S-8-222 



- 
RPP-4941 R e v T - A p p e n d i x  G 

Po43 
so4 
F ’  

DCRT 244 S 
Case 8 (Story 1) 

@ml 3266 Tortuosity Factor unitless 1 
pg/ml 4194 Initial Concentration of NH3 in the Vapor Phase mOle/mJ 0 

d m l  104 Surface Area of Still Waste m2 16 417 

S-a-222-A 



WP-4941 Rev 0 Appendix G 

Author@e Date</!2$&6 Checked by Date 1/%(.0 
/ 

Mass fraction water in Iiq 
Liquid density (kglm3) 
T (C) 

DCRT 244s 
Case 8 (Story 1) 

0 43 Temperature 
1468 000 deg F 

77 170 
Temperature 
deg C ~- 

I I 20 718727051 1 2 07206891 7 I I I I 
I I I I 

S-8-223 



DCRT 
Case 

Equil "3 Conc in Vapor Spa %NH3,Maxl 7 76 % 

RPP 4941Rev OApKdix G 

Author& e..- Date!/2$/2)6 Checked by &b% Date 

Max "3 Conc Based on 
Henrys Law Constant 

244 S 
8 (Story 1) 

S-8-224 



RPP2941 Rev 0 Appendix G 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

- 
SX 105 
0 1  
244 S 

Correction Factor for Schumpe Model 6 

2 4 4 s  
8 (Story I) 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I / I  244-S I I 

unitless 1 468 
g/l 3 228 
pCi/ml 384 
OF 170 

__ 

S-8-225 



RPPq-ix G 

DC RT 244s 
Case 8 (Story 1) 

79 916 0 OOOE + 00 0 0269 0 

20 71872705 2 072068917 
Average 

I I I I I I 

Mass fraction water in Iiq 0 431 I [Temperature 
Liquid density (kg/m3) I 1468000/  I I I [deg F 
T lo\ I I 771 I I 170 

S-8-226 



DCRT 
Case 

Equil "3 Conc in Vapor Spa %NHJIMaxl 15 51 % 

RPP-4941 Rev 0 A-Kdix G 

Author& e.& Date!/a$/00 Checked by 6 3 .%& D a t e / / 2 6 , h J  

Max NH3Conc Basedon 
Hentys Law Constant 

244 S 
8 (Story 1) 

S-8-227 
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I RPP-4941 Rev 0 Appendix G 

Author 08- Date /,la$/o~ Checked by %&&&&A Date //26,/! 

SUMMARY: 
DCRT 2 4 4 4  Calculabons based on tank 241-S-107 
CASE 9 -the inbal condmon of the tank IS 0% full 

-this model calculates the remainder unbl fill is M a t  80% full vvlth 
pumping rate of 4 gpm M a l  fill to 40% at a pumping rate of 4 gpm 
- immediate change in pumping rate wth no chance to come to 
steady state H2 concentration (3 cfh vent rate) 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate ~ = 3 0 0 0 -  Nitrate Concentrabon NO3 = 1510- 
hr llter 

mole 
Nitnte Concentrabon NO, = 1020- 

llter 

rt3 

Saltwell Waste Specific Gravlty p = 1 238 

Radiolytic Power of Waste wastepower = 0 000 - Ib 
mole rt saJ 

lnbal DCRT H2 Inventory volm = 0 OOOil  llter 
3 Aluminum Concentrabon Al=0290- 

O 

w TOC = 0 000- 
her 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement 

flag, = no 

= 0 000 %LFL 
Ammonia Concentrabon 

Methane Concentrabon 

"3 = 0 000 %m,, 
CH, = 0 000 % L n a d  

DCRT Waste Temperature T = 314 250K 

Period 1 

M a l  Flow Rate 

Hydrogen Carryover Rate grm,-mo,ac = 1 471 x 10- - 

Time Pumped at lnital Flow Rate 

Inha1 Fill Factor 

tune = 34 ooohr gal flow = 4 000- 
mm 

4 mole tvolmt - - - 0 000% 
llter tvol 

Penod 2 

Second Flow Rate flow, = 4 000 - 
mm 

Time pumped at Second flow rate llm2 = 35 ooohr 

- 39 825% tvo4Nlz lnbal Fill Factor - - i13 Hydrogen Carryover Rate grWu = 0 122 - 
hr tvol 

S 107 to 244 S 3cfh case 9a hf mcd 

Sr9-2 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 



RPP-4941 Rev 0 Appendix G 

Author & Date i]2 5/60 Checked by 

OUTPUT SUMMARY 
Penod 1 

lnibal Flow Rate gal flow = 4 000- 
m 

- 0 000% Inbal Fill Factor - - "Olmt 
tvol 

Time Pumped at lnltal Flow Rate tune = 34 ooohr 

Final Fill Factor ff€ = 39 825 % 

lnbal Fill Volume tvolmt = 0 gal Final Fill Volume Ev = 8160gal 

Inbal H2 Concentrabon (%LFL) h20 = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 4 804% Final Flammable Gas Concentrabon (%LFL) ffgc = 4 804% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 3 224% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 3 224% 

Penod 2 

gal Second Flow Rate flow, = 4 000 - 

- - - 39 825% ~ O L U  

tvol 

Time pumped at Second Flow Rate I d ?  = 35 Ooohr 
m 

Inbal Fill Factor Final Fill Factor fll2 = 80 821 % 

lnbal Fill Volume tvolmu = 8160gal Final Fill Volume ffv2 = 16560gal 

M a l  H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 5 284% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maximum %LFLwhh Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL whh Loss of Venblabon 

h2c2 = 4 804% 

fh2c2 = 15 004% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 15 004% 

uhfgc2 = 5 284% 

L.FLmt-bhg = 151 492% 

Tun% 25s6Ln = 15 877 day - 
Tun% 503bLn = 61 845 day 

Tun% looo.m = 203 497 day 
- 
- 

S 107 to 244 S-3cfh case 9a hf mcd 

s-9-3 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author P "L Date ?/-?! $//60 Checked by 

SUMMARY: 
DCRT 244-S Calculabons based on tank241-5-107 
CASE 9 -the inrbal condmon of the tank is 0% full 

-this model calculates the remainder unbl f i l l  is H a t  
80% full vrnth pumping rate of 4 gpm M a l  fill to 40% at 
a pumping rate of 4 gpm 
-immediate change in pumping rate wlth no 
chance to come to steady state H2 
concentrabon (vent rate equals 5cfh) 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate Vr=5000- Nltrate Concentrabon NO3 = 1510- 
hr llter 

mole Saltwell Waste Specific Grawly p = 1 238 
NO, = 1 020- 

Ib hter wastepower = 0 000 - 
fi sec3 

Inmal DCRT H2 Inventory vo~m = oooofi3 llter 

i? 

Nltnte Concentrabon 
Radiolybc Power of Waste 

mole Aluminum Concentrabon Al=0290-  
(I 

&m TOC = 0 000- 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGMV 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no 

conq,FL_cs,o = 0 000 %LFL 

T = 314 250K 

"3 = 0 OOO%LFLW 

CH, = 0 000 %LFLm4 

Period 1 

Inha1 Flow Rate 

- 0 000% Hydrogen Carryover Rate gr,,,,,, = 1 471 x 10- - M a l  Fill Factor - - 

Time Pumped at lnltal Flow Rate tune = 34 ooohr gal flow = 4 000- 
rmn 

4 mole ~ 0 4 N t  

llter tvol 

Period 2 

gal Second Flow Rate flow, = 4 000- 
nun 

fi3 
Hydrogen Carryover Rate grWl, = 0 122- 

hr 

Time pumped at Second flow rate l d  = 35 ooohr 

~ ~ l m l r z  - -39825% - Inhat Fill Factor 
tvol 

8107 to 244-SScfh case 9a hf mcd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 

s-9-4 
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Date l , ld$/06 Checked by Date /,/.i+/o 

OUTPUT SUMMARY 
Period 1 

gal Inrbal Flow Rate flow = 4 000- 
rmn 

Time Pumped at lnttal Flow Rate tune = 34 Oooh 

Inrbal Fill Factor - - - 0 000% Final Fill Factor B=39825% 
~ O l U U t  

tvol 

Inha1 Fill Volume tvol, = Ogal Final Fill Volume ffv= 8160gal 

Inrbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 4 729% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl = 1 935% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 4 729% 

uhfgcl = 1 935% 

Penod 2 

gal Second Flow Rate flowz = 4 000- 
rmn 

tvolmr2 - - - 39825% lnrbal Fill Factor 
tvol 

Time pumped at Second Flow Rate llm2 = 35 oooh 

Final Fill Factor = 80 821 % 

Inrbal Fill Volume tv~l,,,,~ = 8160gal Final Fill Volume ffv2 = 16560gal 

lnrbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 3 173 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Mammum %LFL with Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL with Loss of Venblabon 

tMc2 = 4 729% 

fh2c2 = 14 282% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 14 282% 

uhfgc2 = 3 173% 

LIEmt-hh,, = 151 492 % 

Tune, zs%Ln = 16 979 day - 
Tun% 5owLn = 62 947 day 

Tun% 1o056Lm. = 204 598 day 
- 
- 

S 107 to 244 Sdcfh case Sa-hf mcd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 
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244-S-DCRT 

CASE 10 
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RPP4941 Rev 0 Appendix 0 

Author &' F. & Date 1 / 2 9  Checked by 2zzZz2 + Date &bO 

Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT... 
InDut Data 
Input diameter of DCRT (d) DCRT 244-S Modified for 244-S DCRT Vault Case (Venblation rate of 

CASE 10a 5 cfh) Use Verbcal DCRT for model Wetted surface area 

at 1764 sq R (SX-105 H2 8 SX-102 "3) 
g@@$$ set 

Input length of DCRT Q 

Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

Higher Input flow rate 

-- - 8 021 x 10-6 flow flow = 2 228 x 10-'ft3sec 

flow2 
-- - 8 021 x 10-6 flowz=2228x 10-9ft3sec1 

Calculate total DCRT volume (tvol) (E) 
2 

tvol = L x  (+) Assume DCRT has flat ends 

mol= 6579fi3 
Volume of fill at start of DumDine 

3 3  tvol,, = 2 191 x 10 d 

Time at start of pumping rate 2 (MUST be an INTEGER) 
w _ * " . X U "  *-A 9 *- J>@ 

;m%$% 
Time a t  pumping rate 2 

w A h  

Volume of fill at start of pumping rate 2 
tvol, = tvolmt + tune flow 

Vault-SX-105 H2 8 SX-102 "3 to 244 S 
DCRT-hf rncd 

3 wool, = 2191 ft 

s-10-2 

Process Engineering 
CH2M HILL 
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Author Date 1 , / ! ~ ~ ~ o 6  Checked by 

0 1 V O I ~  = 

vo~m = o 000fi3 

flag, = "yes", conqn-cfl (tvo~ - tvo~,,,,~) V O I ~  
0 

<==== M a l  volume of H2 in Headspace 
0 

Input Ammonia Loncentration 

InDut Methane Concentration 

End of Input Sechon 

Calculahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = mol- flow t - tvol,,,,t hvol(h) = 4 388 x 103fi3 

Wetted area of full DCRT (horuontal onentation) (ft2) +xdL=2108f i2  [Eqn 81 

Wetted area of vertically onented DCRT (ft2) 

flow t + tv0lmt * 4 (flow t + tvOlm1) 

d 

Awet(t) = 1764 ftz 

Wetted area of full DCRT (vertical onentation) (ftz) Awet(1m) = 1 764 x ld$ 

Awet(0 hr) = 1 764 x lo3$ 

Awet(1 hr) = 1764x 103ft2 

Check the answers 

Awet(lm) = 1 764 x ldf? 

Vault-SX-IO5 H2 & SX-102 "3 to 244-S 
DCRT-hf mcd S-10-3 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Calculations: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(tune) = tvol - flow, tune - tvolma hvol2(lun2) = 4 388 x l d A 3  [Eqn 41 

Wetted area of vertically oriented DCRT (ft2) 

flow, t + l v O I o l , ~  2 4 (flow, t + tvolol,,) 
d 

Awet(tt2) = 1764 2 

Wetted area of full DCRT (vertical onentation) (ft2)Awet(M) = 1 764 x IO3$ 

Awet(0 hr) = 1 764 x IO3$ Check the answers 

Awet(1 hr) = 1 764 x IO3$ 

Awet(M) = 1764 OOOg 

Average charactermations for NO,, NO2, AI, TOC (molar, molar, molar, gramshter) 

- 1630 -3100 -- -2660 -- - - - 3228 
AI No, No, 

mole mole mole 
-- 

Vault-SX-I05 H2 & SX 102 "3 to 244 S 
DCRT-hf mcd 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
S-10-4 
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Author& e %- Date I , / '~$/QO Checked by Date //"&,/a 

SUMMARY: 
DCRT 244-5 Modified for 2444 DCRT Vault Case (Venblabon rate of 
CASE 10a 5 cfh) Use Verbcal DCRT for model Wetted surface area 

set 
at 1764 sq R (SX-105 H2 & SX-102 "3) 

INPUT SUMMARY. 
General Data 

A3 DCRT Venblabon Rate vr=5000- 
hr 

mole Nitrate Concentrabon NO, = 2660- 
llter 

mole Saltwell Waste Specific Grawly p = 1 468 

Radiolybc Power of Waste 
Nitnte Concentrabon NO2 = 3 100- wastepower= 1218- lb llter 

mole ft sec3 

Inha1 DCRT H2 Inventory voiHz = o 000fi3 llter 
Aluminum Concentrabon Al= 1630- 

0 

gm TOC Concentrabon TOC=3228- 
llter 

H2 Inventory Based on CGM? 

CGM Measurement 

flag, = no 

CmlCLm c@ = 0 OOO%LFL - 
Ammonia Concentrabon NH3 = 72 000 %LEN, 

Methane Concentrabon CH, = 0 000 %LFL, DCRT Waste Temperature T = 348 150K 

Penod 1 

-6  lnibal Flow Rate flow = 1 OOO x 10 - 
rmn 

Time Pumped at lnital Flow Rate tune = 1 OOOhr 

tvo'mt lnlbal Fill Factor 
~ = 33 300% 

mole 
Hydrogen Carryover Rate gr,,,,l, = 0 OOO - llter tvol 

A3 or grml= 0000- 
hr 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - 6 Sal 
rmn 

Time pumped at Second flow rate lun2 = 1 OOOhr 

- 33 300% t 4 t l l t 2  Inibal Fill Factor - - A3 Hydrogen Carryover Rate gr,, = 0 OOO- hr tvol 

Vault-SX-105 H2 8 SX-102 "3 to 244-5 
DCRT hf mcd S-10-5 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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Author .& F ,  - A. Date I,k?d/OO Checked by 

OUTPUT SUMMARY 
Penod 1 

-6 l@ 
rmn 

Inha1 Flow Rate flow = 1 000 x 10 - 

- 33 300% ~OlVol, Inhal Fill Factor - - 
tvol 

Inha1 Fill Volume 

Inhal H2 Concentration (%LFL) h2c = 0 000% 

tvolmt = 16389 gal 

Final H2 Concentrabon (%LFL) fh2c = 0 043 % 

Time Pumped at M a l  Flow Rate tune = 1 ooohr 

Final Fill Factor flT=33300% 

Final Fill Volume fi= 16389gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 72 043 % 

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl= 37 217% 

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgci = 109 217% 

Penod 2 

Second Flow Rate flow, = 1 000 x 10 - Time pumped at Second Flow Rate llm2 = 1 ooohr -6 gal 
m 

- 33 300% Inhal Fill Factor - - h%UU 

tvol 
Final Fill Factor rn = 33 300% 

Inhal Fill Volume tvol,,,,, = 16389gal Final Fill Volume ffv2 = 16389gal 

lnhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentration (%LFL) W c 2  = 37 217% 

Ulbmate (ss) Flammable Gas Concentration (%LFL) 

Mammum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

h 2 ~ 2  = 0 043 % 

il12c2 = 0 086% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 72 086% 

uhfgcz = 109 217% 

mmt-bhg = 221 061 % 

Tme, 25%LpL = 0 oooday - 
Tme, = 0 OOO day 

Tme, 1o016Lm = 0 OOOday 
- 
- 

Vault-SX-105 H2 & SX 102 "3 to 244 S 
DCRT-hf mcd 

$-10-6 
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CH2M HILL 

Mathcad v2000+ 



RPP-4941 Rev 0 Appendix 0 

A u t h o r s  P. AL I d--. Date ?,h $ jOO Checked by 
1 

Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT... 
h u t  Data 
Input diameter of DCRT (d) DCRT 244-5 

CASE 10b 
Modified for 244-S DCRT Vault Case (Venblabon rate of 5 
cfh) Use Verbcal DCRT for model Wetted surface area set at 
1764 sq fI (Heel in 244-5 DCRT) 

Input length of DCRT (L) 

Input rate a t  which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e. 1x104) 

flow -- flow = 2 228 l ~ - ~ f t ~ ~ ~  - 8 021 x 

Higher Input flow rate 

-9 3 1 flow2 -- - 8 021 x 
flow,= 2228x 10 A sec 

Calculate total DCRT volume (tvol) (:) 
2 

tvol = Lu (;) 
mol= 6519fi3 

Assume DCRT has flat ends 

Volume of fill at start of mumine - - -  
tvol,, = 2 191 x IO 3 3  A 

Time at start of pumping rate 2 (MUST be an INTEGER) 

mme a t  pumping rate 2 

IEw 11 

Volume of fill a t  start of pumping rate 2 

tv012 = tvol, + tune flow 

Vault-Heel in 244-S to 2444 DCRT hf mcd 

tv012 = 2191 ft3 

Sr10-7 
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Checked by Date /b$/a 

volm = qflagcp = "yes" ,con%-cp (tvol - t v o ~ ~ ~ ) , v o ~ ~ ]  

voIm = 0 Ooofi3 

0 0 

<---- ---- lnlbal volume of H2 in Headspace 
0 

Input Ammonia concentration 

Input Methane Concentration 
(Reference ) 

End of I n w t  Sechon 

Calculabons. 
Calculate DCRT headspace volume (hvol, a function of time) 

hVOl(t) = t ~ 0 1 -  flow t - tvol,,,,, hvol(1lm) = 4 388 x 103fi3 

Wetted area of full DCRT (honzontal orientation) (ft2) 

Wetted area of vertically onented DCRT (ft*) 

+adL=2108f i2  IEqn 81 

flow t + tv0lmt 2 4 (flow t + tv0lm,) 

d 

Awet(t) = 1764 f i2  

Wetted area of full DCRT (vertical orientation) (ft2) Awet(1un) = 1 764x lo3$ 

Awet(0 hr) = 1 764 x lo3$ 

Awet(1 br) = 1 764 x 103fi2 

Check the answers 
Awet(1lm) = 1764x 103fi2 

Vault-Heel in 244-53 to 244 S DCRT-hf mcd 

s-10-8 
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A u t h o r a  C%LAW.+. Date / , / ! !+O Checked by 
/ 

Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(tme) = tvol - flow2 tme - tvol,, hvol2(1un2) = 4 388 x ldf i3  [Eqn 41 

Wetted area of vertically onented DCRT (ft2) 

flow2 t + tvol,, 4 (flow2 t + tv0lmt2) 

d 

Awet(tt2) = 1764 I? 

Wetted area of full DCRT (vertical onentation) (ft2)Awet(lm2) = 1 764 x ldfi’ 

Awet(0 hr) = 1 764 x IO3$ 

Awet(1 hr) = 1 764 x lo3 I? 
Awet(lun2) = 1764 OOOI? 

Check the answers 

~ 

Average charactenzations for NO3, NO2, AI, TOC (molar, molar, molar, gramsfliter) 

- 1380 -0000 -- -1030 -- -1260  -- TOC Al NO, 
mole mole mole 

-- No, 

Vault-Heel in 244 S to 244 S DCRT-hf mcd 
5-10-9 
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Checked by 

DCRT 2444  
CASE lob  

Modified for 244-5 DCRT Vault Case (Venblabon rate of 5 
cfh) Use Verbcal DCRT for model Wetted surface area set at 
1764 sq ft (Heel in 244s DCRT) 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate Vr=sOOO- Nltrate Concentrabon NO3 = 1260- 

hr llter 

mole 
NO2 = 1 030- 

llter 

A3 

Saltwell Waste Specific Grawly p = 1 150 

Radiolyhc Power of Waste 
NLnte Concentrabon 

wastepower = 0 422 - Ib 
mole A Sec' 

3 Aluminum Concentrabon Al=oooo- 
Inbal DCRT H2 Inventory volm = OOOOA llter 

0 

gm TOC Concentrabon TOC= 1380- 
llter 

H2 Inventory Based on CGM? 

CGM Measurement 

flag, = no" 

c o n ~ - o m o  = 0 OOO %LFL 
Ammonia Concentrabon "3 0 2 9 0 % L E m  

DCRT Waste Temperature T = 313 150K Methane Concentrabon CH, = 0 000 % m a d  

Penod 1 

6 gal lnbal Flow Rate flow = 1 000 x 10- - 

Hydrogen Carryover Rate grml-molm = 0 OOO- M a l  Fill Factor - - - 33 300% 

Time Pumped at lnltal Flow Rate tune = 1 OOOhr 
mm 

mole ~ 4 l u t  

llter tvol 
A3 or gr,,=OOOO- 
hr 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - 

gr,,, = 0 000- 

Time pumped at Second flow rate lun2 = 1 000hr 6 

mm 

- 33 300% Inbal Fill Factor - - tvolmtz A3 Hydrogen Carryover Rate 
hr tvol 

Vault-Heel in 244-S to 244-S DCRT hf mcd 
s-10-10 
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Author Date !/a+ a Checked by 

OUTPUT SUMMARY: 
Penod 1 

-6 gal Inhal Flow Rate flow = 1 000 x 10 - Time Pumped at Ink4 Flow Rate tune = 1 oooh rmn 

Inhal Fill Factor - - - 33 300% Final Fill Factor tT = 33 300% 
WOLUt 

tvol 

Inhal Fill Volume tvol,, = 16389 gal Final Fill Volume ffv = 16389gal 

M a l  H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh2c = 8 364 x % Final Flammable Gas Concentrabon (%LFL) ffgc = 0 298% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 7 324% 

Uhmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 7 614% 

Penod 2 

-6 gal Second Flow Rate flow, = 1 000 x 10 - Time pumped at Second Flow Rate llm2 = 1 O O O h  rmn 

~ O ~ m d Z  

tvol 
Inhal Fill Factor - - - 33 300% Final Fill Factor fXY2 = 33 300% 

Inhal Fill Volume tvolvol,, = 16389 gal Final Fill Volume ffv;! = 16389gal 

Inhal H2 Concentrabon (%LFL) h2c2 = 8 364 x % 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 7 324% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL wth Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon 

fh2c2 = 0 017% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 307% 

uhfgc2 = 7 614% 

L.FLmt-bh8 = 43 896 % 

Tm% zs.- = 141 075 day 
8 Tme;? S O O L ~ L  = 10 OOO x 10 day 

Tme;? loosbLn = 10 000 x 10 day 8 
- 

Vault-Heel in 244 S to 244 S DCRT hf rncd 3-10-11 
Process Engineering 

CHZM HILL 
Mathcad v2000+ 
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Author .& e.* Date /,/-?%. Checked by 1 Date , I26/00 
/ 

SUMMARY 
DCRT 244-TX Calculabons based on tank 241-T-110 
CASE 1 -the inhal condhon of the tank IS 0% full 

- ths model calculates the remainder unbl fill IS hlt 
at 80% full vvlth pumpng rate inhally of 4 gpm 
to 40% full 

-immediate change in pumping rate of 4 gpm 
wth no chance to come to steady state H2 
concentrabon 

INPUT SUMMARY: 
General Data 

Nitrate Concentrabon fi3 
DCRT Venblabon Rate ~r=3000- 

hr 
mole N03=0300- 
hter 

mole 
Nitnte Concentrabon N02=0000- 

hter 

Salhrvell Waste Specific G r a m  p = 1 060 

Radiolybc Power of Waste wastepower = 1 065 x 10- 5 - lb 
mole 

Aluminum Concentrabon Al=oooo- 
A Secj 

volm = 0 OooA3 hter 
0 

Inhal DCRT Hz Inventory 

TOC = 0 04S- gm TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flagcsm = "no" 

conq,m-csmo = 0 000 %LFz 

T = 293 1SOK 

llter 

"3 = 0 OOo%LFzm 

CH, = 0 000%LFz, 

Penod 1 

lnhal Flow Rate gal flow = 4 000- 
rmn 

Time Pumped at lnltal Flow Rate tune = 52 Ooohr 

- 0 000% M a l  Fill Factor - - 4 mole ~ O L U t  
Hydrogen Carryover Rate gr,l-m,,l.r = 4 681 x 10- - 

hter tvol 

\ 
fi3 

or grWl= 0361- 
hr 

Penod 2 

gal Second Flow Rate flow, = 4 000- Time Pumped at Second Flow Rate lun2 = 52 OOohr 
mm 

~ 4 N r 2  Inma1 Fill Factor - - - 40 240% I? Hydrogen Carryover Rate grmI2 = 0 361 - 
hr tvol 

Case I-T-I 10 to 244-TX H2 hf mcd 
TX-1-2 

Process Engineenng 
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Author& e.&- Date 42 5/6 0 Checked by ~ a t e ~ I 2 b J 0 d  

OUTPUT SUMMARY 
Penod 1 

gal flow = 4 000- lnbal Flow Rate 
m 

- 0000% lnbal Fill Factor - - WOlmt 

tvol 

Inbal Fill Volume 

lnlbal H2 Concentrabon (%LFL) lh2c = 0 OOO% 

tvol ,  = 0 gal 

Final H2 Concentrabon (%LFL) fh2c = 14 251 % 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

Final Fill Factor B = 40 240% 

Final Fill Volume &= 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 14 251 % 

Ulbmate (ss) H2 Concentrabon (%LFL) 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

W c l =  4 519% 

uhfscl = 4 519% 

Penod 2 
gal Second Flow Rate flow, = 4 000 - 
m 

Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

lnbal Fill Factor - - - 40 240% Final Fill Factor B2 = 80 479% tvolmn 
tvol 

lnbal Fill Volume tvoImu = 12480 gal Final Fill Volume ffv2 = 24960 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lh2c2 = 14 251 % 

fh2c2 = 42 965 % Final Flammable Gas Concentrabon ffg02 = 42 965 % 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2c2= 7 101 % 

Maamum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tm% zw = 0 OOOday 

Time to Reach 50% LFL vvlth Loss of Venblabon Tun% 

Time to Reach 100% LFL wth Loss of Venblabon Tun9 looscLpL = 210 025 day 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 7 101 % 

LFLmt-hh8 = 133 281 % 

- 
= 17 061 day - 

- 

Case I-T-I10 to 244-TX-H2-hf mcd 
TX-1-3 

Process Engineenng 
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SUMMARY 
DCRT 244-TX Calculabons based on tank 241-T-I 10 
CASE 1 -the inlbal condlbon of the tank is 0% full 

- thts model calculates the remainder unbl fill IS hlt 
at 80% full vvlth pumping rate of 4 gpm 
to 80% full Time is adjusted on second step at 
negligible flow to obtain 105% of steady state %LFL 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate vr=3OOO- Nltrate Concentrabon NO3 = 0 300- A3 

h r ,  hter 

mole NO, = 0 000- 
s Ib hter 

Saltwell Waste Speafic Gravlty p = 1 060 
Nltnte Concentrabon 

Radiolybc Power of Waste wastepower = 1 065 x 10- - 
mole Aluminum Concentrabon A l = O O O O -  

A see3 

lnlbal DCRT H2 Inventory volm = 0 Oooi? hter 
0 

m TOC = 0 045- 
hter 

TOC Concentrabon 

Ammonia Concentrabon 

H2 lnventoly Based on CGM? 

CGM Measurement = 0 OOO%LFL 

flag, = "no" 

"3 = 0 000 %LFLm 

Methane Concentrabon C€I4=0OOO%Ln, DCRT Waste Temperature T = 293 150K 

Penod I 

gal flow = 4 000- lnlbal Flow Rate 
mm 

Time Pumped at lnltal Flow Rate tune = 104 OOOhr 

4 mole tvol, 
Hydrogen Carryover Rate ~r.. l_m.~~ = 4 681 x 10- - M a l  Fill Factor - - - 0 000% 

hter tvol 
or gr,,= 0361- A3 

hr 

Penod 2 

Second Flow Rate flow, = 1 OOO x IO- - 6 gal 
mm 

Time Pumped at Second Flow Rate lun2 = 1 242 x 10% 

- 80479% Inibal Fill Factor - - tvoLur2 i? Hydrogen Carryover Rate grWD = 9 026 x lo-*- 
hr tvol 

Case 1 Worst Case H2-T-110 dissolved H2 to 
244-TX hf mcd TX-1-4 

Process Engineenng 
CH2M HILL 
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Author & a Date /,/d $10 0 Checked by -&y&zdL Date \ /26/00 

OUTPUT SUMMARY: 
Penod 1 

lnibal Flow Rate gal flow = 4 000- 
rmn 

moLut 
Inlbal Fill Factor - - - 0 000% 

mol 

Inihal Fill Volume molmt = 0 gal 

Inibal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) MC = 42 965 % 

Time Pumped at M a l  Flow Rate tune = 104 OOOhr 

Final Fill Factor iT= 80479% 

Final Fill Volume ffv = 24960 gal 

Final Flammable Gas Concentration (%LFL) ffgc = 42 965 % 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l  = 7 101 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 7 101 % 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - Time Pumped at Second Flow Rate lun2 = 1 242 x 10% 6 gal 
rmn 

- 80 479% Inibal Fill Factor - - h,OLllU 

mol 
Final Fill Factor ftpz=80479% 

lnlbal Fill Volume tvolmt2 = 24960 gal Final Fill Volume ffv2 = 24960 gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

hZc2 = 42 965 % 

fh2c2 = 7 456% Final Flammable Gas Concentrabon ffgc2 = 7 456% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

W c 2  = 7 101 % 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL WWI Loss of Venblabon Tun% 25um = 31 590day 

Time to Reach 50% LFL WWI Loss of Venblabon Tme, = 86 815 day 

Time to Reach 100% LFL wth Loss of Venblabon Tme, loooAm = 279 772 day 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 7 101 % 

Lnm,-bhg = 133 283 % 

- 

- 

- 

Case I-Worst Case H2-T-110 dissolved H2 to 
244-TX-hf mcd 

TX-1-5 

Process Engineenng 
C M M  HILL 

Mathcad V2000+ 
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244-TX-DCRT 

CASE 2 

Tx-2-1 



&%-& Date ( / ~ / O P  

RPP-4941 Rev 0, Appendix G 

Author & god- Date 1/&/6  0 Checked by 

SUMMARY: 
DCRT 244-TX Calculabons based on tank 241-T-110 
CASE 2 -the inlbal condlbon of the tank IS 0% full 

-this model calculates the remainder unbl fill is hit 
at 80% full HRth pumping rate inlbally of 4 gpm 
to 40% full - immediate change in pumpmg rate of 4 gpm 
wth no chance to come to steady state H2 
concentrabon 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate vT=3OOO- Nitrate Concentrabon N03=0300- 
hr llter 

mole NO2 = 0 000- 
llter 

A3 

Saltwell Waste Speak G r a m  p = 1 060 
Nitnte Concentrat~on 

Radiolybc Power of Waste 

mole 
3 Aluminum Concentrabon Al=oo00- 

Inlbal DCRT H2 Inventory volm = 0 OOOA llter 

wastepower = 1 065 x 10- 5 - 1b 
A sec3 

0 

gm TOC = 0 045- 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

flag, = "no" 

conkm csmo = 0 OOO%LFL - 
"3 = 0 OOOYLFLM 

DCRT Waste Temperature T = 293 150K Methane Concentrabon CH, = 0 OOO%Lrnm4 

Penod 1 

lnlbal Flow Rate gal flow = 4 000- 
rmn 

Time Pumped at lnital Flow Rate tune = 52 OOOhr 

-0000% Hydrogen Carryover Rate grwi-,,,oim = 4 681 x IO- - lnlbal Fill Factor - - 4 mole tvolmd 

llter tvol 
i? or grwl=0361- 
hr 

Penod 2 

Time Pumped at Second Flow Rate h d 2  = 52 OOOhr Second Flow Rate flowz = 4 OOOrmn gal 

- 40 240% Inlbal Fill Factor - - "OLUrz rt3 

hr tvol 
Hydrogen Carryover Rate grw12 = 0 361 - 

T-110 to 244-TX-H2-case 2-hf mcd 

TX-2-2 

Process Engineenng 
CHZM HILL 

Mathcad VZOOO+ 
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Author& 1. Date Checked by A&&-$- Date ,(26bo 

OUTPUT SUMMARY: 
Penod 1 

gal flow = 4 000- Intbal Flow Rate 
Inm 

- OOOO% Intbal Fill Factor - - WOlrnt 
tvol 

lnbal Fill Volume tvol, = Ogal 

Time Pumped at Ink4 Flow Rate tune = 52 OOOhr 

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume fi= 12480gal 

Inibal H2 Concentrabon (%LFL) lh2c = 0 OOO% 

Final H2 Concentrabon (%LFL) fh20 = 14 251 % Final Flammable Gas Concentrabon (%LFL) f f g ~  = 14 251 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh20l= 4 519% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 4 519% 

Penod 2 

Second Flow Rate flow, = 4 OOO- gal 
rmn 

Time Pumped at Second Flow Rate I d  = 52 OOOhr 

- 40 240% Final Fill Factor B 2 = 8 0 4 7 9 %  
~ O L U t z  

tvol 
Inbal Fill Factor - - 

lntbal Fill Volume t v ~ l , , , , ~  = 12480 gal Final Fill Volume Ev2 = 24960 gal 

Inbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh202 = 7 101 % 

Mammum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL vvlth Loss of Venblabon Tune, 

Time to Reach 50% LFL vvlth Loss of Venblabon Tune, 5oo/dRL = 17 061 day 

Time to Reach 100% LFL vvlth Loss of Venblabon Tun% ,oo4bLm. = 210 025 day 

lh202 = 14 251 % 

fhZc2 = 42 965 % Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgcz = 42 965% 

dlfgcz = 7 101 % 

L.FL,mt-hhg = 133 281 % 

= 0 OOOday - 

- 

- 

T 11 0 to 244-TX H2 case 2-hf mcd 

TX-2-3 

CH2M HILL 
Mathcad V2000+ 
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RPP-4941 Rev 0 Appendix G 

244-TX-DCRT 

CASE 3 

TX-3 - 1 



-____ ___ 
PPP-4941 Rev 0 Aooendix G, 

Source Tank T-I 10 
Dilution Ratio 0 1  
Receiving Tank 244-TX 

DCRT 
Case 

244-TX 

Correction Factor for Schumpe Model 1 

244-TX 
3 

Specific Gravity 
Total Organic Carbon 
Cs-137 
Temperature 

unitless 1 06 
g/l 0 045 
WCtlml 0 00336 
OF 68 

TX-3-2 



c__ 

4 1  Rev 'I 
A u t h o r s  e&&.--- Date&+ Checked Date I! 26/00 

DCRT 244 TX 
Case 3 

TX-3-3 



DCRT 
Case 

Equll NH3 Conc in Vapor Space %NHqM,, 0 00 % 

Variable Varlable Varlable 
Delta C Delta C Delta C 

// _-- 
RPP-4341 Rev 0 Appendix 

Authors C %LA--.. Date],&/60 Checked by db 3-g Date 1(26/00 

Max NH3 Cone Based on 
Henws Law Constant 

244 TX 
3 

0332 
0620 
1035 
777 

1194 3 722E 05 0 00 0 00 
2232 4 197E 05 0 00 0 00 
3726 4 289E 05 0 00 0 00 
Ul5A A 7 ~ 7 ~  05 n nn n no 

Time hours T sec NH, m o l d d  %NH8 % LFL, NH, 
00100 36 2 529E 06 0 00 0 00 
00183 66 4 522E 06 0 00 0 00 
00333 120 7 865E 06 0 00 0 00 
00617 222 1341E 05 0 00 0 00 
0 1033 372 2 OOlE 05 0 00 0 00 

7 RlnF n5 n nn n nn 

- -. 
335 
538 
027 
968 
109 
I - 7  

. __  . - - - - _ _  - _-, 
12060 4 297E 05 0 00 0 00 
19362 4 297E 05 0 00 0 00 
29704 4 297E 05 0 00 0 00 
34860 4 297E 05 0 00 0 00 
39300 4 297E 05 0 00 0 00 
A 7 M n  A 7Q7F 05 n nn n nn . - - 

166 
417 

646 

. . - . - . --, - -- - -- - -- 
59580 4 297E 05 O M )  O M )  
150000 4 297E 05 0 00 0 00 

232605 4 297E 05 0 00 0 00 4gpm 
Time to fill from 0% to 50% at 

TX-3-4 



RPP-4941 Rev 0 Appendix G 

Author &-e&- Date / , h / / O O  Checkedby I Ru. Date 1(26/60 
v r 9  

SUMMARY: 
DCRT 244-TX Calculabons based on tank241-T-110 
CASE 3 -the inhal condltlon of the tank is 0% full 

- thts model calculates the remainder unbl fill e hlt 
at 80% full wth pumping rate inhally of 4 gpm 
to 40% full 

-immediate change in pumpng rate of 4 gpm 
wlth no chance to come to steady state H2 
concentrabon Ammonia and methane added in 

INPUT SUMMARY 

DCRT Venblabon Rate $ ~ r = 3 0 0 0 -  
hr 

Nltrate Concentrabon 

mole Nltnte Concentrabon NOz=OOOO- 
llter 

Saltwell Waste Specific Grawty p = 1 060 

Radiolybc Power of Waste wastepower = 1 065 x IO- 5 - Ib 
mole Aluminum Concentrabon A l = O O O O -  

ft sec' 

Inha1 DCRT H2 Inventory volm 0 = 0 OOOft3 hter 

gm TOC = 0 045 - 
hter 

TOC Concentrabon 

Ammonia Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

flag,, = "no" 

conq,m-cmo = 0 000 %LFL 
"3 = 0 0 0 0 % L F L ~  

DCRT Waste Temperature T = 293 150 K Methane Concentrabon CH, = 9 930 

Penod 1 

Inhal Flow Rate gal flow = 4 OOO- 
rrrm 

Time Pumped at lnltal Flow Rate tlme = 52 OOOhr 

- OOOO% Hydrogen Carryover Rate grml-moi~ = 4 681 x IO- - Inltlal Fill Factor - - 4 mole tvo~mt 
hter tvol 

or grwl=0361- fi3 
hr 

Penod 2 

Second Flow Rate flow, = 4 000- gal 

Hydrogen Carryover Rate 

Time Pumped at Second Flow Rate 

lnltlal Fill Factor - - 

lun2 = 52 00Ohr rmn 

- 40 240% tv4nd2 83 F,,~ = 0 361 - 
hr tvol 

T-110 to 244-TX-H2 with "3 and CH4-case 3- 
hf mcd TX-3-5 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



OUTPUT SUMMARY: 
Penod 1 

Inlbal Flow Rate gal flow = 4 000- 
nun 

- 0 000% M a l  Fill Factor - - h%ut 

tvol 

M a l  Fill Volume tvol,, = Ogal 

RPP-4941 Rev 0 Appendix G 

Checked by J&tk.~DL Date ( 2 6 h  

lnlbal H2 Concentrabon (%LFL) lhzc = 0 000% 

Final H2 Concentrabon (%LFL) m c  = 14 251 % 

Time Pumped at lntal Flow Rate tune = 52 Ooohr 

Final Fill Factor fff=40240% 

Final Fill Volume fi = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 24 181 % 

Uhmate (ss) H2 Concentrabon (%LFL) uhh2cl= 4 519% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 4 519% 

Penod 2 
gal Second Flow Rate flow, = 4 000- 

~ O L U U  

Time Pumped at Second Flow Rate I d  = 52 OOOhr 
nun 

- 40 240% Final Fill Factor ftpz=80479% M a l  Fill Factor - - 
tVO1 

Inma1 Fill Volume tv01,~ = 12480gal Final Fill Volume ffi2 = 24960 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lhzc2 = 14 251 % 

m c 2  = 42 965 % Final Flammable Gas Concentrabon ffgc2 = 52 895% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2c2 = 7 101 % 

Maxlmum %LFL wth Loss of Venblabon = 133 281 % 

Time to Reach 25% LFL wth Loss of Venblabon Tune, zswpL = 0 OOOday 

Time to Reach 50% LFL wth Loss of Venblabon Tune, = 0 000 day 

Time to Reach 100% LFL wth Loss of Venblabon Tune, loooN;pL = 155 094 day 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 7 101 % 

- 
- 

- 

T-110 to 244-TX-H2 with “3 and CH4 case 3- 
hf mcd TX-3-6 

Process Engineenng 
CH2M HILL 

Mathcad VZOOO+ 
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244-TX-DCRT 

CASE 4 

TX-4-1 



RPP-4941 Rev 0 Appendix G n 

SUMMARY: 
DCRT 244-TX Calculabons based on PFP waste 
CASE 4 -the inrbal condrbon of the tank is 3% full 

-this model calculates the remainder unbl fill is hlt 
at 80% full vvlth pumping rate inrbally of 50 gpm to 42% full 

-immediate change in pumping rate of 50 gpm wth no chance to come 
to steady state H2 concentrabon Ammonia and methane are zero - PFP waste modeled as water since that is the most consenratwe for 
this cases dominabng mechanism (corrosion) 

- 

INPUT SUMMARY 

mole DCRT Ventdabon Rate ~r=3000- Nltrate Concentrabon N03=0000- 
hr llter 

mole NO, = 0 000 - 
llter 

ft3 

Saltwell Waste Specific Gravity p = 1 000 

Radiolytic Power of Waste 
Nltnte Concentrabon 

wastepower = 0 000 - lb 

mole A seoJ 
3 Aluminum Concentrabon AI = 0 000- 

Initial DCRT H2 Inventory VOIm = 0 oooft llter 
0 

gm TOC Concentrabon TOC=O000- 
I te r  

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM7 

CGM Measurement 

DCRT Waste Temperature 

flag, = no" 

concLpL_.smo = 0 OOO%LFL 

T = 293 150K 
"3 = 0 000 %rnm 
C& = 0 000 %LFL,rnd 

Period 1 

Inrbal Flow Rate gal flow = 50 000 - 
nnn 

Time Pumped at lnltal Flow Rate tune = 4 OOOhr 

mole ~ O ~ m t  

llter tv01 
Hydrogen Carryover Rate gsol-molar = 0 000 - M a l  Fill Factor - - - 3 000% 

ft3 
gsoi = o 000 - 

hr 
or 

~ 

Period 2 

Second Flow Rate flow, = 50 000 - gal 
nnn 

Time Pumped at Second Flow Rate lun2 = 4 OOoh 

tvolmr2 lnhal Fill Factor - - - 41 692% 
ft3 

Hydrogen Carryover Rate gmn= 0 000- 
hr tvol 

T 110 to 244 TX H2 with NH3 and CH4-case 4- 
hf mcd TX-4-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Author&P_ uo Date J , / . . O O  Checked by Date 1/26/0~ 

OUTPUT SUMMARY. 
Penod 1 

Inrbal Flow Rate Time Pumped at lnltal Flow Rate tune = 4 ooohr gal flow = 50 000 - 

~ O l m t  

rmn 

lnrbal Fill Factor - - - 3 000% Final Fill Factor i% = 41 692% 
tvol 

lnibal Fill Volume tvol, = 930gal Final Fill Volume & = 12930 gal 

Inrbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) 8 2 c  = 0 013% 

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl = 4 606% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 0 013 % 

uhfgci = 4 606% 

Penod 2 

Second Flow Rate flow, = 50 000 - Time Pumped at Second Flow Rate llm2 = 4 ooohr gal 
m 

tvolmtz Inibal Fill Factor - - - 41 692% 
tvol 

Final Fill Factor ffpz = 80 384% 

Inrbal Fill Volume tv~l,, = 12930 gal Final Fill Volume f i 2  = 24930 gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentration (%LFL) 

lh2c2 = 0 013 % 

8 2 ~ 2  = 0 062% Final Flammable Gas Concentrabon ffgc2 = o 062% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2 = 7 093 % uhfgc2 = 7 093 Yo 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon Tune, 2s- = 32 414day 

Time to Reach 50% LFL with Loss of Venblabon Tme, 50%LpL = 88 099 day 

Time to Reach 100% LFL wth Loss of Venblabon Tune, 

LFLm,, = 132 530 % 

- 

- 
= 284 021 day - 

T-I10 to 244-TX-H2 with "3 and CH4-case 4- 
hf rncd 

TX-4-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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CASE 5 

TX-5-1 
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Checked by&\ &-#- Date( ('26 16 I) A u t h o r 2  e &- - Date &5/0 0 

SUMMARY 
DCRT 244-TX 
CASE 5 

Calculabons based on tank 241-T-110 
-the inrbal condrbon of the tank is 0% full 
-this model calulates the remainder unbl fill is hlt 
at 10% full wth pumping rate inibally of 4 gpm 

to 10% full 

INPUT SUMMARY 
General Data 

it3 DCRT Venblabon Rate ~ = 3 0 0 0 -  
hr 

mole 
N O 3  = 0 300- 

llter 
Nltrate Concentrabon 

mole Nltnte Concentrabon NOz=OOOO- 
llter 

Saltwell Waste Specific Gravity p = 1 060 

Radiolybc Power of Waste wastepower = 1 065 x 10- 5 - 1b 
mole Aluminum Concentrabon Al=oooo- 

fi sec' 

vo~m = o 000fi~ llter 
0 

lnibal DCRT H, Inventory 

TOC = 0 045 - gm 

"3 = 0 000 %LFLm 

TOC Concentrabon 

Ammonia Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

flag, = "no 

conkm-cpo = 0 000 %Ln 
llter 

DCRT Waste Temperature T = 293 150K Methane Concentrabon CH4 = 9 930%LFL, 

Period 1 

lnrbal Flow Rate gal flow = 4 000 - 
mm 

Time Pumped at lnltal Flow Rate tme = 6 OOOhr 

- 0 000% Hydrogen Carryover Rate g ~ ~ ~ ~ - ~ ~ ~ ~ ~  = 4 681 x IO- - Inibal Fill Factor - - 4 mole tvoL, 
llter tvOl 

f? 
or grml= 0361- 

hr 

Period 2 

Second Flow Rate flowz = 4 000- gal 
mm 

~~ 

Time Pumped at Second Flow Rate lun2 = 7 ooohr 

t v O L t 2  M a l  Fill Factor - = 4 643 % 
it3 Hydrogen Carlyover Rate gr,, = 0 361 - 
hr tvol 

T-110 to 244-TX H2 with "3 and CH4 case 5- 
hf mcd 

TX-5-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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Author Oa e ^ e  Date y k $ / o O  Checked by &.>,$-L Date 1!26/0b 

OUTPUT SUMMARY 
Period I 

Inihal Flow Rate Time Pumped at M a l  Flow Rate tme = 6 OOOIII gal flow = 4 000 - 

tvOl*t 

tvol 

m 

Intbal Fill Factor - - - 0 000% Final Fill Factor B'=4643% 

Intbal Fill Volume tvolmt = 0 gal Final Fill Volume ffv= 1440gal 

Intbal H2 Concentrabon (OhLFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 1 340% 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2cl= 1 766% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 11 270% 

uhfgcl = 1 766% 

Period 2 

Second Flow Rate flow, = 4 000 - Time Pumped at Second Flow Rate I d  = 7 ooohr gal 
rmn 

~ O ~ m t z  Inibal Fill Factor ~ - -4643% 
tvol 

Final Fill Factor m= 10060% 

M a l  Fill Volume tv01,~ = 1440gal Final Fill Volume f i 2  = 3120gal 

Inihal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h2c2 = 1 340% 

m c 2  = 2 984% Final Flammable Gas Concentrabon ffgc2 = 12 914% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2c2 = 2 394 % 

Maximum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon Tme, zssbLFL = 10 000 x 108day 

Time to Reach 50% LFL with Loss of Venblabon Tme, 505bLn = 10 000 x 10 day 

Time to Reach 100% LFL with Loss of Venblabon Tme, looym = 10 000 x 108day 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 2 394% 

LFL,mt-h,, = 10 240% 

- 
8 

- 

~ 

T 110 to 244 TX H2 with "3 and CH4-case 5- 
hf mcd 

TX-5-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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CASE 6 

TX-6-1 
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A u t h o r d e  ,&!d Date ~,&/oO Checked by &b %+ Date 1!26/00 

SUMMARY: 
DCRT 244-TX Calculabons based on tank 241-T-110 
CASE 6 -the inbal condbon of the tank is 0% full 

-this model calculates the remainder unbl fill is hlt 

- immediate change in pumpmg rate of 4 gpm 
at 80% full wth pumping rate inhally of 4 gpm to 40% full 

d h  no chance to come to steady state H2 concentrabon 

INPUT SUMMARY: 
General Data 

fi3 
DCRT Venblabon Rate ~ ~ = 3 0 0 0 -  

hr 
mole NO3 = 0 300- 
llter 

Nltrate Concentrabon 

mole Saltwell Waste Specific G r a m  p = 1 060 
Nrtnte Concentrabon NO,=OOOO- 

s lb llter Radiolyhc Power of Waste wastepower = 1 065 x IO- - 
mole 

Aluminum Concentrabon Al=oooo- 
fi sec3 

Inibal DCRT H2 Inventory volHz = o 000fi3 llter 
0 

TOC = 0 045 - gm 

“3 = 0 000 %LFLm 

TOC Concentrabon 

Ammonia Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

flag,, = no“ 
llter 

= 0 000 %LFL 

Methane Concentrabon CH, = 0 000 %Ln, DCRT Waste Temperature T = 293 150K 

Period 1 

gal flow = 4 000- Inbal Flow Rate 
m 

Time Pumped at lnrtal Flow Rate tune = 52 Ooohr 

- 0 000% Hydrogen Carryover Rate gr,l-,,,ol,, = 4 681 x 10- - Inbal Fill Factor - - 4 mole tvolmt 
llter tvol 

or grml=0361- fi3 
hr 

Period 2 

gal Second Flow Rate flowz = 4 000- 
m 

Time Pumped at Second Flow Rate llm2 = 52 Ooohr 

fVOllNt2 - = 40 240% lnbal Fill Factor A3 Hydrogen Carryover Rate gr,,, = 0 361 - 
hr tVOl 

T-I 10 to 244-TX H2 case 6 hf mcd 

TX-6-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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RPP 4941 Rev 0 Appendix G 

Author &c< h Date ]/Jq60 Checked by 

OUTPUT SUMMARY- 
Penod 1 

lnbal Flow Rate gal flow = 4 000 - 
m 

0000% lnltial Fill Factor - = 
h&llt 

tvol 

Inbal Fill Volume 

Inbal H2 Concentrabon (%LFL) lb2c = 0 000% 

tvoImt = Ogal 

Final H2 Concentrabon (%LFL) fb20 = 14 251 % 

Time Pumped at lnltal Flow Rate tune = 52 000111 

Final Fill Factor iT=40240% 

Final Fill Volume ffV = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 14 251 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 4 519% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 4 519% 

Period 2 

Second Flow Rate flow, = 4 000 - gal 
m 

lnbal Fill Factor ~ 4 l U ,  -- - 40240% 
tvol 

~ ~ 

Time Pumped at Second Flow Rate Id = 52 000111 

Final Fill Factor B2 = 80 479% 

Inbal Fill Volume t~ol,,,,, = I2480 gal Final Fill Volume Ev2 = 24960 gal 

Intra1 H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2~2=7  101% 

Maxlmum %LFL with Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon Tune, 250Lm. = 0 OOO day 

Time to Reach 50% LFL with Loss of Venblabon Tune, 

Time to Reach 100% LFL d h  Loss of Venblabon Tune, 

Wc2 = 14 251 % 

Wc2 = 42 965% Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 42 965% 

uhfgc2 = 7 101 % 

L.FL,mt-bhg = 133 281 % 

- 
= 17 061 day - 
= 210 025 day - 

T 11 0 to 244-TX H2 case 6 hf mcd 
Process Engineenng 

CH2M HILL 
TX-6-3 Mathcad V2000+ 
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244-TX-DCRT 

CASE I 

Tx-7 I 



RPP-4941 Rev 0 Appendix 0 

A u t h o r s  P Date //&,/OO 
Y 

Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT ... 
h u t  Data 

DCRT 244-TX Modified for 244-TX DCRT Vault Case 
wenblabon rate of 3 cfh) Use Verbcal CASE 

DCRT for model Wetted surface area set 
at2570sq R 

Input diameter of DCRT (d) 

Input length of DCRT (L) 

Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

-9 3 1 flow 
flow=2228x 10 A sec ~ = 8 021 x 

Higher Input flow rate 

-9 3 1 flow, -- flow, = 2 228 x I O  A s e ~  - 8 021 x 

Calculate total DCRT volume (tvol) (E) 
2 

tvol =Ln (+) 
tv01= 11363A3 

Assume DCRT has flat ends 

Volume of fill a t  start of pumping 

3 3  tvol,, = 3 318 x 10 A 

Time a t  start of pumping rate 2 (MUST be an INTEGER) 
h*@h * MM%B 

Time at pumping rate 2 

Volume of fill at start of pumping rate 2 
tvolz = tvolmt + tune flow 

Vault-T-I10 to 244-TX DCRT-hf mcd 

tvol, = 3318A3 

TX-7-2 

Process Engineenng 
CH2M HILL 

Mathcad v2000+ 
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volm = IflInag, = yes”,  

vo~m = o woe3 

(tvo~ - tvo~,,,,~) , V O I ~ ]  

--- M a l  volume of H2 in Headspace 

0 0 

<=--- 
0 

Input Ammonia Loncentration 

(Reference ) 

Input Meth 
(Reference ) 

End of Input Sechon 

Calculahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = tvol - flow t - tvolmt hvol(1un) = 8 045 x 103fi3 

Wetted area of full DCRT (horizontal onentation) (ftz) +adL=4014f i2  IEqn 81 

Wetted area of vertically oriented DCRT (ftz) 

flow t + tvolmtl (3’ 4 (flow t + tvolmt) 
= u  - + 

f d\’ d 

Awet(t) = 2570 fi’ [Eqn 91 

Wetted area of full DCRT (vertical onentation) (ftz) Awet(1un) = 2 570 x ldfi’ 

Awet(0 hr) = 2 570 x 103fi2 

Awet(1 hr) = 2 570 x 103fiz 

Check the answers 

Awet(lm) = 2 570 x 103fiz 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
Vault-T 110 to 244-TX DCRT-hf mcd 

TX-7-3 



RPP494I Rev 0 Appendix G 

Author P, ?J&-, Date # O  Checked b y 4  .h,%& Date66 iCJb  

Calculahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(tune) = tvol - flowz tune - tv01,~ hvol2(1m2) = 8 045 x dit3 [Eqn 41 

Wetted area of vertically oriented DCRT (ft2) 

flow2 t + tvol,, 2 4 (flow2 t + tvol,,) 
d 

Awet(tt2) = 2570 2 

Wetted area of full DCRT (vertical orientation) (ft2)Awct(lm2) = 2 570 x ldi? 

A W ~ ~ ( O  hr) = 2 570 lo3$ Check the answers 

Awet(1 hr) = 2 570 x I d 2  

Awet(lun2) = 2570 00Oi? 

Average characterrzations for NOS, NO,, AI, TOC (molar, molar, molar, gramsniter) 

-- -o@)o -= -0300 -- No, 
mole mole mole 

Vault-T-I10 to 244 TX DCRT hf mcd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 

TX-7-4 
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DCRT 244-TX Modified for 244-TX DCRT Vault Case 
CASE 7 (Venblabon rate of 3 cfh) Use Vertical 

DCRT for model Wetted surface area set 
at2570sq pt 

SUMMARY 

INPUT SUMMARY. 
General Data 

mole DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nrtrate Concentrabon NO3 = 0 300- 
hr llter 

mole NO, = 0 000 - 
llter 

A3 

Saltwell Waste Specific Grawty p = 1 060 
Nltnte Concentrabon 

Radiolybc Power of Waste wa~tepowm = 1 065 x 10- 5 - lb 

mole Al = 0 000- 
A Secj 

Aluminum Concentrabon 
Inhal DCRT H2 lnventoly VOlm = 0 000ft3 llter 

(I 

gm TOC = 0 045- 
hter 

TOC Concentrabon 

Ammonia Concentrabon 

H2 lnventoly Based on CGM? 

CGM Measurement 

flag, = no' 

con~m-cmo = 0 OOO%LFL 
"3 = 0 O O O % L F L ~  

DCRT Waste Temperature T = 293 150K Methane Concentrabon CH, = 0 000 %LE, 

Penod 1 

Inhal Flow Rate flow = 1 000 x 10- - 6 gal 
mm 

Time Pumped at lnltal Flow Rate tune = 1 000hr 

- 29200% Hydrogen Carlyover Rate g ~ ~ ~ - , , , , , ~ ~  = 0 000 - lnhal Fill Factor - - mole tvo~mt 
llter tvol 

or gml= 0000- A3 
hr 

Period 2 

6 gal Second Flow Rate flow, = 1 000 x 10- - 

A3 
gmI, = 0 000- 

Time pumped at Second flow rate lunz = 1 ooohr 
mm 

~ 0 4 I U U  Inhal Fill Factor - - - 29 200% Hydrogen Carryover Rate 
hr lvol 

Vault-T-110 to 244 TX DCRT hf rncd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 

TX-7-5 
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OUTPUT SUMMARY: 
Penod 1 

lnbal Flow Rate flow = 1 000 x 10 - -6 gal 
rmn 

tvolmt 
tvol 

Inbal Fill Factor - - - 29 200 % 

M a l  Fill Volume 

Inbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) &2c = 6 170 x 

tvol,,,,, = 24820 gal 

Time Pumped at M a l  Flow Rate bme = 1 OoOhr 

Final Fill Factor ftT=29200% 

Final Fill Volume fi% = 24820 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 6 170 x 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l =  16 440% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 16 440 % 

Period 2 

Second Flow Rate flow, = 1 OOO x 10 - a @  Time pumped at Second Flow Rate lun2 = 1 oooh 
rmn 

~04nIt2 Inbal Fill Factor - - - 29 200% 
tvOl  

Final Fill Factor B2=29200% 

heal Fill Volume tvol,, = 24820 gal Final Fill Volume E v ~  = 24820 gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 16 440% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

lh2c2 = 6 170 x 

&202 = 0 012% Final Flammable Gas Concentrabon (%LFL) ffgc2 = 0 012% 

uhfgc2 = 16 440% 

LFLmt-bhg = 32 486 % 

Tun% zs%Lm = 167 228 day 
8 Time to Reach 50% LFL wth Loss of Venblabon Tune, 50,- = 10 000 x 10 day 

8 Time to Reach 100% LFL W h  Loss of Venblabon Tune, looyLE = 10 000 x 10 day - 

Vault-T-I10 to 244 TX DCRT hf mcd 

TX-7-6 

Process Engineering 
CH2M HILL 

Mathcad v2000+ 
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SUMMARY Calculations based on worst case hydrogen generation tank 241-U-103 
and highest hydrogen concentration in liquid waste from tank241-U-106 

-the inrbal condlbon of the tank is 0% full 
-this model calulates the remainder until fill 1s hlt at 80% full with 
pumping rate inrbally of 4 gpm to 40% full 
-immediate change in pumping rate of 4 gpm with no chance to come 

DCRT 244-u 
CASE 1 

to steady state H2 concentration 

INPUT SUMMARY: 
General Data 

mole 
DCRT Ventilation Rate ~ = 3 0 0 0 -  Ntrate Concentration NO3 = 3 180- 

hr ltter 

mole 
NO2 = 3 020- 

Mer 

ft3 

Saltwell Waste Specific Gravily p = 1 410 

Radiolytic Power of Waste wastepower = 1 481 - Ib 
Nltnte Concentration 

mole 
Aluminum Concentration Al= 1200- 

f t  sec3 

Inrbal DCRT H2 Inventory vo~ta = o 00011~ llter 
O 

w TOC = 12781 - 
llter 

TOC Concentration 

Ammonia Concentration 

Methane Concentration 

H2 Inventory Based on C G W  

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

COIlQq, oflo = 0 o O O % r n  - 
"3 = 0 000 %LFL,, 

CH4 = 0 OOO%LFL, T = 304 250K 

Period 1 

gal lnrbal Flow Rate flow = 4 000- 
rmn 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

- 0 000% Hydrogen Carryover Rate gr,, = 3 297 x 10- - lnlbal Fill Factor - - 5 mole tvol,t 
llter tvol - 

i? or gr,,= 0026- 
hr 

Period 2 

Second Flow Rate flow, = 4 000- 4 
rmn 

Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

~04NtZ lnrbal Fill Factor - = 40 240% 
2 Hydrogen Carlyover Rate gr,,, = 0 026- 
hr tvol 

Case I-Worst Case H2-U-103-no dissolved 
CH4 or "3 to 244-U hf mcd 

u-1-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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OUTPUT SUMMARY. 
Penod 1 

gal Inhal Flow Rate flow = 4 000- 
rmn 

- 0 000% Inlbal Fill Factor - - rnolmt 
tvol 

lnlbal Fill Volume tvolmt = 0 gal 

lneal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) m c  = 1 245% 

Time Pumped at M a l  Flow Rate tune = 52 OOOhr 

Final Fill Factor W=40240% 

Final Fill Volume fi = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 245% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2ci = 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 769% 

Penod 2 

Second Flow Rate flow, = 4 000- gal 
rmn 

Time Pumped at Second Flow Rate Id = 52 OOOhr 

Inha1 Fill Factor - - - 40 240% Final Fill Factor f€P2=80479% rnOlmr2 
tvol 

M a l  Fill Volume tvol,, = 12480gal Final Fill Volume ffV2 = 24960 gal 

Inlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

h2c2 = 1 245% 

m c 2  = 4 255 % Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 4 255% 

uhh2~2= 11 517% uhfgC2 = 11 517% 

Mammum %LFL with Loss of Ventdabon 

Time to Reach 25% LFL wth Loss of Venblabon Tme, 25s6Ln = 14 356day 

Time to Reach 50% LFL Hnth Loss of Venblabon Tme, = 43 990 day 

Time to Reach 100% LFL with Loss of Venblabon Tm% ,oosbLm. = 120 533 day 

LFLmt-hhE = 209 558% 

- 

- 

- 

Case I-Worst Case H2 U-103-no dissolved 
CH4 or "3 to 244-U-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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SUMMARY 
DCRT 2 4 4 4  Calculabons based on worst case hydrogen generabon 
CASE 1 241-U-103 and worst case dissolved hydrogen 241-U-106 

-the inhal condhon of the tank is 0% full 
-this model calculates the remainder unbl fill is hlt 
at 80% full v& pumping rate inhally of 4 gpm 
to 80% full 

INPUT SUMMARY 
General Data 

ft3 DCRT Venblabon Rate ~ r = 3 0 0 0 -  
hr 

mole 
Mer 

Nltrate Concentrabon NO, = 3 180- 

Saltwell Waste Specific Grawty p = 1 410 mole NO, = 3 020- 
llter 

Nltnte Concentrabon Ib Radiolybc Power of Waste wastepowe~ = 1 481 - 
mole Aluminum Concentrabon A l =  1200- 

ft sec3 

lnbal DCRT H2 Inventory vo~Hz 0 = o000ft3 htef 

gm TOC = 12 781 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no' 

w n ~ - c m , ,  = 0 OOO%LFL 

T = 304 2S0K 
"3 = 0 O O O % L F L ~  

CH, = 0 000 %LFLm4 

Penod 1 

gal flow = 4 000 - lnhal Flow Rate 
m 

Time Pumped at lnltal Flow Rate tune = 104 ooohr 

- 0000% Hydrogen Carlyover Rate grsol-molar = 3 297 x IO- - M a l  Fill Factor - - 5 mole tVO4Nl 

lltef tvol 
I? 

or gr,,= 0026-  
hr 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - Time Pumped at Second Flow Rate ~UIL~ = 680 Ooohr 6 gal 
rmn 

- 80 479% Inha1 Fill Factor - - tvo1vol,i2 Hydrogen Carryover Rate grm12 = 6 598 x IO- 9 - ft3 
hr tvol 

Case 1-Worst Case H2 U 103 & U-106 
dissolved H2 to 244-U-hf mcd 

U-1-4 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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OUTPUT SUMMARY 
Penod 1 

Inhal Flow Rate gal flow = 4 000- 
m 

- 0 000% Inhal Fill Factor - - ~ O l m t  

tvol 

Time Pumped at M a l  Flow Rate tune = 104 OOOhr 

Final Fill Factor B = 8 0 4 7 9 %  

Inhal Fill Volume tvol,,= ogal Final Fill Volume ffv = 24960 gal 

Inha1 H2 Concentrabon (%LFL) MC = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 4 255% Final Flammable Gas Concentrabon (%LFL) ffgc = 4 255 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 11 517% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 11 517% 

Penod 2 

Second Flow Rate flowz = 1 OOO x 10- - 6 

m 
Time Pumped at Second Flow Rate l d  = 680 OOOhr 

Final Fill Factor El2 = 80 479% ~O~vol , ,  Inma1 Fill Factor - = 80 479% 
tvol 

Final Fill Volume ffv2 = 24960 gal Inhal Fill Volume tvoIm, = 24960 gal 

Inhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

M c 2  = 4 255% 

Wc2  = 10 940% Final Flammable Gas Concentrabon ffgc2 = 10 940% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2~2= 11 517% uhfgoz = 11 517% 

Mammum %LFL W h  Loss of Venblabon 

Time to Reach 25% LFL W h  Loss of Venblabon Tune, 2ssbLn = 14 356 day 

Time to Reach 50% LFL W h  Loss of Venblabon Tune, 5owLFL = 43 990day 

Time to Reach 100% LFL vvlth Loss of Venblabon Tune, 

LFL,-bhg = 209 560% 

- 

- 
= 120 531 day - 

Case I-Worst Case H2-U-103 & U-106 
dissolved H2 to 244 U hf mcd 

Process Engineenng 
CH2M HILL 

~~ . 
Mathcad V2000+ 
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Calculations based on worst case hydrogen generabon tank 241-U-103 
and hiahest hydrogen concentrabon in liquid waste from tank 241-U-106 DCRT -.-- 244-u 

- th;? inhal condhon of the tank is 0% full 
-this model calulates the remainder unbl fill is hlt at 80% full wth 
pumping rate of 4 gpm 

ljnse I 
Note 

INPUT SUMMARY. 
General Data 

mole 
DCRT Venblabon Rate vr=3000- Nrtrate Concentrabon NO3 = 3 180- 

hr llter 

mole 
Nltnte Concentrabon N0,=3020- 

llter 

A3 

Saltwell Waste Specific O r a m  p = 1 410 

Radiolybc Power of Waste 
ft Sec' 

3 Aluminum Concentrabon A l =  1200- 
lnhal DCRT H2 Inventory volm = 0 OOOA llter 

wastepower = 1 481 - lb 
mole 

0 

gm TOC = 12781 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = "no" 

con%m-cpo = 0 000 %Ln 

T = 304 2S0K 

"3 = 0 000 %Ln, ,  

CH, = 0 OOO%LFLcH4 

Period 1 

gal Inma1 Flow Rate flow = 4 000- 
mm 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

- 0 000% Hydrogen Carryover Rate gr,t_mo,ar = 3 297 x 10- - Inibal Fill Factor - - 5 mole tvolmt 

llter tvol 
or grwl=0O26- A3 

hr 

Period 2 

gal Second Flow Rate flowz = 4 000- 
mm 

Time Pumped at Second Flow Rate llm2 = 52 OOObr 

- 40 240% Inibal Fill Factor - - tvo~vol,, A3 Hydrogen Carryover Rate grmlz = 0 026 - 
hr tvol 

Case I-Worst Case HZ-U-103-no dissolved 
CH4 or "3 to 244-U-4gpm-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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OUTPUT SUMMARY 
Penod 1 

Intbal Flow Rate gal flow = 4 000 - 
rmn 

0 000% Intbal Fill Factor - = 
~ O L U t  

tvol 

M a l  Fill Volume 

Intbal H2 Concentrabon (%LFL) h2c  = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = I 245 % 

Ulbmate (ss) H2 Concentrabon (%LFL) W c l  = 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

tvol,, = 0 gal 

uhfgcl = 6 769% 

Time Pumped at M a l  Flow Rate tune = 52 OOOhr 

Final Fill Factor H = 4 0 2 4 0 %  

Final Fill Volume Ev = 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 245% 

Penod 2 
gal Second Flow Rate flow, = 4 000 - Time Pumped at Second Flow Rate llm2 = 52 OOOhr 
rmn 

- 40 240% Intbal Fill Factor ~ - tvO4CdtZ 

tvol 
Final Fill Factor iB2=80479% 

Intbal Fill Volume tvol,, = 12480gal Final Fill Volume f i 2  = 24960 gal 

Inrbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h2c2 = 1 245% 

fh2c2 = 4 255% Final Flammable Gas Concentrabon ffgc2 = 4 255% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

W c 2 =  11 517% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 11 517 % 

Maxlmum %LFL wtth Loss of Venblabon 

Time to Reach 25% LFL wlth Loss of Venblabon Tm% = 14 356 day 

Time to Reach 50% LFL wtth Loss of Venblabon Tme, sovm = 43 990day 

Time to Reach 100% LFL W h  Loss of Venblabon Tme, loovLm = 120 533 day 

LFL,-hh, = 209 558 % 

- 

- 

- 

Case I-Worst Case H2-U-103 no dissolved 
CH4 or “3 to 244-U-4gpm-hf mcd 

U-1-7 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Calculabons based on worst case hydrogen generabon tank 241-U-103 
and highest hydrogen concentration in liquid waste from tank 241-U-106 DCRT ,.nc.c " 244-u 

-the inlbal condlbon of the tank is 0% full 
-this model calulates the remainder unbl fill is hlt at 80% full with 
pumping rate of 8 gpm 

bM0C I 

Note 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO, = 3 180- 
hr llter 

mole Nltnte Concentrabon NOz=3020- 
llter 

n3 

Saltwell Waste Specific Gravlty p = 1 410 

Radiolybc Power of Waste ~Sstepower = 1 481 - lb 

mole 
3 Aluminum Concentrabon Al=1200- 

n 
Inlbal DCRT H2 lnventoly volm = OOOOA llter 

0 

gm TOC = 12 781 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

H2 lnventoly Based on CGMQ 

CGM Measurement 

flag,, = "no" 

con%m-cwo = 0 000 %LFL 
MI, = 0 000 %E, 

DCRT Waste Temperature T = 304 250 K Methane Concentrabon CH, = 0 000 %LFLm4 

Penod 1 

lnlbal Flow Rate gal flow = 8 000- 
m 

Time Pumped at lnltal Flow Rate tune = 26 OOOhr 

5 mole h.olmlt 
Hydrogen Carryover Rate gr,l-,,,,,l,, = 3 297 x 10- - lnrbal Fill Factor - = 0 000% 

llter tvol 
$ or grml= 0053- 
hr 

Period 2 

gal Second Flow Rate flowz = 8 000- 
m 

n3 gr,, = 0 053 - 
hr 

Hydrogen Carlyover Rate 

Time Pumped at Second Flow Rate Id = 26 OOOhr 

f-V~Lur2 Indal Fill Factor - - - 40240% 
tvol 

Case I-Worst Case H2 U 103 no dissolved 
CH4 or "3 to 244 U 8gpm hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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OUTPUT SUMMARY 
Penod 1 

Inhal Flow Rate gal flow = 8 000- 
rmn 

~ 0 ~ ~ 1  
Inhal Fill Factor - - - 0 000% 

tvol 

Inhal Fill Volume tvol,= 0 gal 

RPP 4941 Rev 0 Appendix G 

Date l , /5 /60  Checked by 

Inhal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentration (%LFL) fh2c = 1 153% 

Time Pumped at lnrtal Flow Rate tune = 26 OOOhr 

Final Fill Factor fEf=40240% 

Final Fill Volume fi = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 153 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 769% 

Penod 2 
al Second Flow Rate flow, = 8 O O O L  Time Pumped at Second Flow Rate lunz = 26 OOohr  

rmn 

@OLU, 
lnlhal Fill Factor - - - 40 240% 

mol 
Final Fill Factor fE?. = 80 479 % 

Inhal Fill Volume tvol,,,,, = 12480 gal Final Fill Volume ffv;! = 24960 gal 

Inhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lh2c2 = 1 153 % 

Wc2 = 3 821 % Final Flammable Gas Concentrabon ffgc2 = 3 821 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2~2=11517% uhfgc2 = 1 1  517% 

Maxlrnum %LFL W h  Loss of Venblabon 

Time to Reach 25% LFL W h  Loss of Venblabon T ~ m e z _ z ~ ~ . ~  = 14 356 day 

Time to Reach 50% LFL W h  Loss of Venblabon Tun% 50.Lm = 43 99Oday 

Time to Reach 100% LFL W h  Loss of Venblabon Tun% 

LFz,l-hh,, = 209 558 % 

- 

= 120 533 day - 

Case 1-Worst Case H2-U-103-no dissolved 
CH4 or "3 to 244-U 8gpm-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Calculations based on worst case hydrogen generation tank 241-U-103 
and highest hydrogen concentrabon in liquid waste from tank 241-U-106 DCRT 244-U 

*fie= 4 

-the inlbal condrbon of the tank is 0% full 
-this model calulates the remainder untd fill IS hit at 80% full with 
pumping rate of 12 gpm 

I 

Note 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO3 = 3 180 - 
hr Mer 

mole NO, = 3 020- 

tt3 

Saltwell Waste Specific Gravity p = 1 410 
Nitrite Concentration 

lb llter Radiolvbc Power of Waste w a s t e ~ o ~ e r  = 1 481 - 
mole Aluminum Concentration Al=l200-  

tt sec3 

Initial DCRT H2 Inventory volm O = oOOott3 Mer 

m TOC = 12 781 - 
llter 

TOC Concentration 

Ammonia Concentration 

Methane Concentration 

H2 lnventoly Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no 

conq,m-cwo = 0 000 % L E  

T = 304 250K 
NH3 = 0 O0O%LFLm 

CH, = 0 000 % m a d  

Penod 1 

gal flow = 12 000 - Initial Flow Rate 
mm 

Time Pumped at M a l  Flow Rate tnne = 17 OOOhr 

5 mole @ 4 N t  
Hydrogen Carlyover Rate graol_molar = 3 297 x 10- - Inrbal Fill Factor - - - 0000% 

hter tvol 

Penod 2 

gal Second Flow Rate flow, = 12 000 - 
rmn 

Time Pumped at Second Flow Rate lun2 = 18 OOohr 

@Ol*r2 Inrbal Fill Factor - - - 39 466% 
fi3 Hydrogen Carlyover Rate gr,,, = 0 079 - 
hr tvol 

Case I-Worst Case H2-U-103-no dissolved 
CH4 or NH3 to 244-U-12gpm hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 

u-1-10 
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Author & Date (/2$/66 Checked by (8 6 Date (/&bo 

OUTPUT SUMMARY: 
Penod 1 

gal flow = 12 000 - lnbal Flow Rate 
m 

~ O L t  Inbal Fill Factor - - - 0 000% 
tVOl 

lnbal Fill Volume 

lnbal H2 Concentrabon (%LFL) lh2c = 0 000% 

tvolmt = 0 gal 

Final H2 Concentrabon (%LFL) fh20 = 1 093 % 

Time Pumped at lnrtal Flow Rate tune = 17 ooohr 

Final Fill Factor f f f =  39466% 

Final Fill Volume fi = 12240gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 093 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 681 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 681 % 

Penod 2 

Time Pumped at Second Flow Rate I d  = 18 O O O h  Second Flow Rate flow, = 12 000 - gal 
m 

~ O L l t z  
Inbal Fill Factor - - - 39466% Final Fill Factor f&2 = 81 253% 

tvol 

lnbal Fill Volume tvolm, = 12240gal Final Fill Volume ffv2 = 25200 gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

lh2c2 = 1 093 % 

Wc2 = 3 763 % Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 3 763 % 

uhh2c2= 11 622% uhfgC2 = 11 622 % 

Maxlmum %LFL wrth Loss of Venblabon 

Time to Reach 25% LFLwrth Loss ofvenblabon Tm% 250- = 13 500day 

Time to Reach 50% LFL wrth Loss of Venblabon Tune, = 41 425 day 

Time to Reach 100% LFL wrth Loss of Venblabon Tme, looyAm = 112 397 day 

L F L ~ ~ ~ ~ ~ ~  = 219 280 % 

- 

- 

- 

Case I-Worst Case H2-U-103-no dissolved 
CH4 or "3 to 244-U-12gpm hf mcd 

u-1-11 

Process Engineenng 
CH2M HILL 

MathcadV200Oi 
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Author fie.&&---..- Date ,,/&?/~~ Checked by Ab- Date P?L 1% 
Y 

Calculabons based on worst case hydrogen generabon tank 241-U-103 
and highest hydrogen concentrabon in liquid waste from tank 241-U-106 

-the inbal condhon of the tank is 0% full 
-this model calulates the remainder unbl fill is h t  at 80% full wrth 
pumping rate of 16 gpm 

DCRT 244-U 
CASE I 
Note 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate ~ r = 3 0 0 0 -  Ntrate Concentrabon NO3 = 3 180- 

hr llter 

mole 
Nltnte Concentrabon N02=3020- 

llter 

ft' 

Saltwell Waste Specific Grawiy p = 1 410 

Radiolybc Power of Waste 

mole A sec' 
3 Aluminum Concentrabon Al= 1200- 

M a l  DCRT H2 lnventoty volm = 0 oooft llter 

wa~tepower = 1 481 - lb 

0 

gm TOC = 12 781 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

H2 lnventoty Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no 

concLn_o,o = 0 OOO%LFL 

T = 304 250K 

"3 = 0 000 %LE,, 

CH, = 0 000 %LE, 

Penod 1 

gal flow = 16 000 - lnbal Flow Rate 
mm 

Time Pumped at lntal Flow Rate tnne = 13 OOohr 

5 mole tvolmt 
Hydrogen Carryover Rate gr..l_m.l, = 3 297 x lo- - lnhal Fill Factor - - - 0 000% 

llter tvol 
A3 or gm,=O1O6- 
hr 

Penod 2 

gal Second Flow Rate flow, = 16 000 - 
rmn 

Time Pumped at Second Flow Rate lm2 = 13 OOOhr 

tvOLut2 Indial Fill Factor - - - 40 240% 
A3 Hydrogen Cartyover Rate gr,, = 0 106 - 
hr bo1 

Case I-Worst Case H2 U-103 no dissolved 
CH4 or "3 to 244 U 16gpm-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 

u-1-12 
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Author &e %/OR-- Date /,/2qoo Checked by 

OUTPUT SUMMARY 
Penod 1 

gal flow = 16 000 - lnlhal Flow Rate rmn 

- 0 000% Inlhal Fill Factor - - tvolmt 
tvol 

Inlhal Fill Volume 

M a l  H2 Concentrabon (%LFL) lh2c = 0 000% 

tvolmt = 0 gal 

Final H2 Concentrabon (%LFL) fhzc = 1 106% 

Time Pumped at lnltal Flow Rate tune = 13 OOOhr 

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume &= 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 106% 

Uhmate (ss) H2 Concentrabon (%LFL) uhh2~1 = 6 769% 

Uhmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 769% 

Penod 2 
gal Second Flow Rate flow, = 16 000 - 
rmn 

Time Pumped at Second Flow Rate lun2 = 13 OOOhr 

- 40 240% Final Fill Factor 032 = 80 479% tvolmtz Inlhal Fill Factor - - 
tvol 

Inlhal Fill Volume tvolm, = 12480gal Final Fill Volume f€vZ = 24960 gal 

lnlhal H2 Concentrabon (O~LFL) 

Final H2 Concentrabon (%LFL) 

lh2c2 = 1 106% 

fhzc2 = 3 593% Final Flammable Gas Concentrabon ffgc2 = 3 593 % 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2c2=11517% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 11 517% 

Maximum %LFL with Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

Time to Reach 50% LFL with Loss of Venblabon 

Time to Reach 100% LFL wth Loss of Venblabon Tune, looyLm = 120 533 day 

L.FL.,-,-hg = 209 558% 

Tune, zsyLm = 14 356 day 

= 43 990day 

- 

- 

Case 1-Worst Case H2 U-103 no dissolved 
CH4 or NH3 to 244 U 16gpm-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
U-1-13 
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Author e a/,,, Date /,/2$,/00 U 

Calculabons based on worst case hydrogen generabon tank 241-U-103 
and highest hydrogen concentrabon in liauid waste from tank 241-U-106 DCRT 2 4 4 4  

,.In- 1 

-the inbalconckon of the tank is 0% full 
-this model calulates the remainder unbl fill IS hit at 80% full with 
pumping rate of 20 gpm 

CIn3c I 

Note 

INPUT SUMMARY: 
General Data 

mole 
DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO3 = 3 180- 

A3 
hr llter 

mole NO2 = 3 020- 
llter 

Saltwell Waste Specific Gravlty p = 1 410 
Nitnte Concentrabon Ib Radiolyhc Power of Waste wastepower = 1 481 - 

mole 
3 Aluminum Concentrabon Al= 1200- 

llter 

A sec3 

lnhal DCRT H2 Inventory volm = OOOOA 
0 

H2 Inventory Based on CGM? flag,, = "no" TOC Concentrabon gm TOC = 12 781 - 
lrter 

CGM Measurement 

DCRT Waste Temperature 

con~m~c,,, = 0 000 %LIT 

T = 304 250K 

Ammonia Concentrabon 

Methane Concentrabon 

"3 = 0 OOO%LFL"3 

CH, = 0 000 %LFLP&$ 

Penod I 

lnbal Flow Rate flow = 20 000 - 4 
mm 

Time Pumped at lnltal Flow Rate tune = 10 000hr 

- 0 000% Hydrogen Carryover Rate ~mi-,,,o,ar = 3 297 x IO- - Inbal Fill Factor - - 5 mole tvolmt 
llter tvol 

or gwi=O132- A3 
hr 

Penod 2 

gal Second Flow Rate flow, = 20 000 - Time Pumped at Second Flow Rate h d  = 1 1  OOOhr 
mm 

- 38 692% tvo4nll2 lnbal Fill Factor - - A3 
hr tvol 

Hydrogen Carryover Rate gWI2 = 0 132- 

Case I-Worst Case H2 U 103 no dissolved 
CH4 or "3 to 244 U-20gpm hf mcd 

U-1-14 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



Author eu-a, 

OUTPUT SUMMARY: 
Penod 1 

M a l  Flow Rate gal flow = 20 000 - 

tvo4Nt 

rmn 

0 000% lnlbal Fill Factor - = 
tvol 

M a l  Fill Volume tvolmt = 0 gal 

RPP-4941 Rev 0 Appendix G 

Date /,/2qbO Checked by Date I k C / O a  

Inlbal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) f h 2 ~  = 1 041 % 

Time Pumped at lnltal Flow Rate h e  = 10 OOOhr 

Final Fill Factor Ef=38692% 

Final Fill Volume fFv = 12000 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 041 % 

Ultimate (ss) H2 Concentrabon (%LFL) uhh2cl = 6 592% 

Uhmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 592% 

Penod 2 

Second Flow Rate flow2 = 20 000 - gal Time Pumped at Second Flow Rate lun2 = 11 OOOhr rmn 
m o l d  

Inlbal Fill Factor - = 38 692% Final Fill Factor B2=81253% 
tvol 

heal Fill Volume tvol,, = 12000 gal Final Fill Volume ffv2 = 25200 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentration (%LFL) 

h2c2 = 1 041 % 

M c 2  = 3 635% Final Flammable Gas Concentrabon ffgc2 = 3 635% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

W c 2 =  11622% uhfgc2 = 11 622% 

Maxrmum %LFLWnh Loss ofvenblabon 

Time to Reach 25% LFL wlth Loss of Venblabon T r n ~  2shLn = 13 500day 

Time to Reach 50% LFL wrth Loss of Venblabon T r n ~  5owLn = 41 425 day 

Time to Reach 100% LFL wrth Loss of Venblabon Tun% loooam = 112 397 day 

219 280% 

- 

- 

- 

Case I-Worst Case H2-U-103-no dissolved 
CH4 or "3 to 244 U 20gpm hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
U-1-15 
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Author fie -h Date /,/2$/6Q Checked by&%,$ Date \ ! 2 6 / 0 0  

Calculabons based on worst case hydrogen generabon tank 241-U-103 
and tughest hydrogen concentrabon in liauid waste from tank 241-U-106 DCRT 2 4 4 4  

-I-- 1 

-the inhal concilbon of the tank is 0% iull 
-this model calulates the remainder unbl fill is M a t  80% full wlth 
pumping rate of 30 gpm 

bfi*C I 

Note 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate VT = 3 000- Nltrate Concentrabon NO3 = 3 180- 

hr llter 

mole 
Nltnte Concentrabon NOz=3020- 

hter 

A3 

Saltwell Waste Specific G r a m  p = 1 410 

Radiolybc Power of Waste wastepower = 1 481 - Ib 

mole 
Aluminum Concentrabon Al= 1200- 

Inibal DCRT H2 Inventory v~iHz 0 = o ooofi' Mer 

H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

A sec' 

gm TOC = 12 781 - 
llter 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

flag,, = "no" 

conq,m e,o = 0 000 %LFL 

T = 304 250K 

- 
"3 = 0 ooO%LFLW 

CH, = 0 000 %LFLm4 

Penod 1 

gal flow = 30 000 - lnlbal Flow Rate 
mm 

Time Pumped at lnltal Flow Rate tnne = 7 OOOhr 

5 mole tvolmt Hydrogen Carryover Rate gmi-,,,o,m = 3 297 x 10- - Inibal Fill Factor - = 0 000% 
hter tvol 

or gml=O198- f? 
hr 

Penod 2 

gal Second Flow Rate flow, = 30 000 - 
rmn 

Time Pumped at Second Flow Rate Inn2 = 7 OOOhr 

- 40 627 % Inibal Fill Factor - - tvO4Nt2 i? Hydrogen Carryover Rate gm12 = 0 198- 
hr tvol 

Case I-Worst Case H2 U-103 no dissolved 
CH4 or "3 to 244 UdOgpm hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 

U-1-16 
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Author &- e. a / d a ? - a + M  Date J / ~ ~ O O  Checked by Ah Date ( [26/0)  
I / 

OUTPUT SUMMARY: 
Penod 1 

lnlbal Flow Rate gal flow = 30 000 - 
rmn 

tvoLt 
Inlbal Fill Factor - - - 0 000% 

wool 

Inlbal Fill Volume tv~l,,,,~ = Ogal 

Inhal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) 82c  = I 098% 

Time Pumped at lnltal Flow Rate tune = 7 OOOhr 

Final Fill Factor f f f=40627% 

Final Fill Volume fFv = 12600gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 098% 

Ulbmate (ss) HZ Concentrabon (%LFL) uhh2cl= 6 813% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 6 813% 

Penod 2 

Second Flow Rate flow, = 30 000 - Time Pumped at Second Flow Rate i d  = 7 ooohr gal 
rmn 

tvoLlr2 M a l  Fill Factor - - - 40 627 % 
tvol 

Final Fill Factor f iE=81253% 

Inlbal Fill Volume tvol,,,,, = 12600 gal Final Fill Volume ffv2 = 25200 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Wc2 = 1 098% 

8 2 ~ 2  = 3 571 % Final Flammable Gas Concentrabon ffgc2 = 3 571 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2=11622% uhfgc2 = 1 1  622% 

Maxlmum %LFLwlth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tme, 253wpL = 13 SOOday 

Time to Reach 50% LFL wlth Loss of Venblabon Tme, 5osbLn = 41 425 day 

Time to Reach 100% LFL wth Loss of Venblabon Tun% lowLm. = 112 397 day 

LFLmtmhhg= 219 280% 

- 

- 

- 

Case I-Worst Case H2-U-103-no dissolved 
CH4 or "3 to 244-U-30gpm hf rncd 

Process Engineenng 
CHZM HILL 

Mathcad V2000+ 
U-1-17 
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A u t h o r A e  Date l ) Z b / O c  
/ 

DCRT 244-U 
CASE 2 

Calculabons based on worst case hydrogen generabon 241-U-103 
and worst case dissolved hydrogen 241-U-106 

-the inhal condlbon of the tank is 0% full 
-this model calulates the remainder until fill is h t  at 80% full wrth 
pumping rate inlbally of 4 gpm to 80% full 

INPUT SUMMARY: 
General Data 

mole DCRT Ventilation Rate ~ = 3 0 0 0 -  Nltrate Concentrabon NO, = 3 180- 
ft3 

hr hter 

mole Nitnte Concentrabon N0,=3020-  
llter 

Saltwell Waste Specific Grav~ty p = 1 410 

Radiolybc Power of Waste wastepower = 1 481 - lb 

mole Aluminum concentration AI = 1200- 
ft sec3 

Inlbal DCRT H2 lnventoiy voiHz 0 = o 000ft3 llter 

TOC = 12 781 - gm 

"3 = 0 000 %a, 
CH, = 0 OOO%LFL, 

TOC Concentration 

Ammonia Concentration 

Methane Concentration 

H2 Inventory Based on CGM7 

CGM Measurement 

DCRT Waste Temperature 

flag, = no" 
llter 

cone, c,& = 0 OOO%LFL - 

T = 304 250K 

Period 1 

gal Inlbal Flow Rate flow = 4 OOO- 
m 

Time Pumped at M a l  Flow Rate tune = 52 ooohr 

- 0000% Hydrogen Carryover Rate grm,-mo,w = 3 297 x IO- - Inha1 Fill Factor - - 5 mole tvoL* 
llter tvol 

or grml=0O26- A3 

hr 

Penod 2 

Second Flow Rate flowz = 4 000- Time Pumped at Second Flow Rate 

Inhal Fill Factor 

i d !  = 52 ooohr gal 
m 

~ O L U t z  - - - 40240% 
A3 Hydrogen Carryover Rate gmI, = 0 026- 
hr tvol 

Case 2 Worst Case H2-U-103 & U-106 
dissolved H2 to 244-U-hf mcd 

u-2-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



RPP-4941 Rev 0 AppendixG 

A u t h o r A P  h Date //2$/&0 Checked by Date I(%/OO 

OUTPUT SUMMARY: 
Penod 1 

gal Inhal Flow Rate flow = 4 000- 
rmn 

Time Pumped at M a l  Flow Rate tme = 52 000111 

- 0 000% Final Fill Factor B = 4 0 2 4 0 %  tvolmt 
Inha1 Fill Factor - - 

tvol 

lnhal Fill Volume tvolmt = Ogal Final Fill Volume EV = 12480gal 

Inhal H2 Concentrabon (%LFL) WC = 0 000% 

Final H2 Concentrabon (%LFL) aZc = 1 245% Final Flammable Gas Concentrabon (%LFL) ffgc = 1 245% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

Ulhmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2cl= 6 769% 

uhfgcl = 6 769% 

Penod 2 

Second Flow Rate flow, = 4 000- gal Time Pumped at Second Flow Rate llm2 = 52 OOOhr 
rmn 

= 40 240% ~ O L l U  
Inhal Fill Factor - 

tvol 
Final Fill Factor B2 = 80 479% 

lnlbal Fill Volume tvolmU = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentration (%LFL) 

h2c2 = 1 245% 

aZc2 = 4 255 % Final Flammable Gas Concentrabon 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 4 255% 

uhh202= 11 517% uhfgc2 = 11 517% 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wrth Loss of Venblabon Tmez_zSYAm = 14 356day 

Time to Reach 50% LFL wth Loss of Venblahon Tm9 = 43 990day 

Time to Reach 100% LFL wth Loss of Venblabon Time, lwmm = 120 533 day 

L,FL,mt-hh, = 209 558% 

- 

- 

Case 2-Worst Case H2-U-103 & U-106 
dissolved H2 to 244 U hf mcd 

U-2-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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CASE 3 
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Author .&e-- Date/& Dc, Checked by \h& Date_C/Zh/Oo 
/ 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 244-u 
Case 3 

244-u 
U 103 
0 1  
2444  

Correction Factor for Schumpe Model 1 

Table U3-1 Henry's Law Constant Calculation for Tank U-103 (2 pages) 
input Data for Henrys K calculation and the Dynamic Spreadsheet 

- 
U-3-2 
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Case 3 
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DCRT 244-U 
CASE 3 

Calculabons based on worst case hydrogen generahon and ammonia tank 
241-U-I03 and worst case dissolved hydrogen and methane 241-U-106 

-the in&al condlbon of the tank is 0% full 
- this model calulates the remainder unbl fill is hfi at 80% full M h  
pumping rate inlbally of 4 gpm to 40% full 
- immediate change in pumping rate of 4 gpm M h  no chance to come 

to steady state H2 concentrabon 

INPUT SUMMARY: 
General Data 

mole DCRT Venhlabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrahon NO3 = 3 180- 
hr llter 

mole NO, = 3 020- 

fi3 

Saltwell Waste Specific Gravlty p = 1 410 
Nltnte Concentrahon 

lb llter Radiolyhc Power of Waste wastepower = 1 481 - 
mole Aluminum Concentrabon Al=1200- 

Inha1 DCRT H2 Inventory volm = oooofi3 liter 

H2 Inventory Based on CGM7 

CGM Measurement 

DCRT Waste Temperature 

fi sec3 

0 

gm TOC = 12 781 - 
llter 

TOC Concentrabon flag, = "no" 

con~m-cmo = 0 OOO%L.FL 

T = 304 250K 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 14 850 %LFLm 

CH, = 0 300 %LFLm4 

Penod 1 

gal flow = 4 000- Inlbal Flow Rate 
rmn 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

- 0 000% Hydrogen Carryover Rate g ~ , ~ ~ ~ ~ ~ ~ ~  = 3 297 x IO- - M a l  Fill Factor - - 5 mole ~ O l m t  

llter tvol 
or g,,= 0026- fi3 

hr 

Penod 2 

Second Flow Rate flow, = 4 OOO gal Time Pumped at Second Flow Rate lun2 = 52 OOOhr 

- 40240% Inlbal Fill Factor - - tvolmtz fi3 Hydrogen Carryover Rate g,,, = 0 026- 
hr tvol 

Case 3-Worst Case H28NH3 U-I03 8 U-106 
dissolved H2 8 CH4 to 244 U hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad VZOOO+ 
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OUTPUT SUMMARY 
Penod 1 

lnbal Flow Rate gal flow = 4 000- 
m 

tvoLut - = 0 000% lnbal Fill Factor 
tvol 

Inha1 Fill Volume 

lnbal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) W c  = 1 245% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

tvolmt = 0 gal 

uhfgcl = 21 619% 

Time Pumped at lnltal Flow Rate tune = 52 O O O h  

Final Fill Factor B = 4 0 2 4 0 %  

Final Fill Volume fi = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 16 395% 

Penod 2 
Second Flow Rate flow, = 4 000 - Time Pumped at Second Flow Rate lunz = 52 ooohr 

rmn 

lnbal Fill Factor - - - 40 240% Final Fill Factor B2 = 80 479% ~01vOl,U 

tvol 

Inbal Fill Volume tvol,, = 12480 gal Final Fill Volume f i 2  = 24960 gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Wc2 = 1 245% 

Wc2 = 4 255 % Final Flammable Gas Concentrabon ffgc2 = 19 405% 

URmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2~2= 11 517% 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tune, 25eLn = 0 OOOday 

Time to Reach 50% LFL wth Loss of Venblabon Tm%-500a = 25 872 day 

Time to Reach 100% LFL wth Loss of Venblabon Tun% loowm = 94 653 day 

uhfgc2 = 26 367 % 

LFLm,-,-hs = 21 1 786 % 

- 

- 

Case 3 Worst Case H2&NH3-U 103 & U-106 
dissolved H2 & CH4 to 2444 hf mcd 

U-3-6 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 



RPP 4941 Rev 0 Appendix G 

A u t h o r a y  ~Q/M-- Date //J.q& Checked by ab-% Date* 

SUMMARY: 
DCRT 244-U Calculations based on worst case hydrogen generation and ammonia 
CASE 3 (WSU) tank 241-U-103 and worst case dissolved hydrogen and methane 
wsu 241-U-106 

-the inhal condfion of the tank is 0% full 
-this model calulates the remainder unbl fill IS hfi at 80% full wlth 
pumping rate inhally of 4 gpm to 40% full 
- immediate change in pumping rate of 4 gprn wlth no chance to come 
to steady state H2 concentration 

INPUT SUMMARY: 
General Data 

DCRT Venblabon Rate w = 3 m - -  
hr 
t? mole NO3 = 3 180- 

llter 
Nfirate Concentration 

mole NO2 = 3 020- 
llter 

Saltwell Waste Specific G r a m  p = 1 410 
Nltnte Concentration 

Radiolybc Power of Waste wastepower = 1 481 - Ib 

mole Aluminum Concentrabon AI = 1200- 
ft Sec’ 

Inhal DCRT H2 Inventory vol* 0 = o m f i 3  ]Iter 

gm TOC = 12 781 - 
Mer 

TOC Concentration H2 lnventoty Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = no 

con%m-cmo = 0 OOO%LK 

T = 304 250K 

Ammonia Concentration 

Methane Concentration 

N H 3  = 2 480%LFL.m 

CH, = 0 300 %Ln, 

Penod 1 

Inhal Flow Rate gal flow = 4 000- 
nnn 

Time Pumped at lnltal Flow Rate tune = 52 0 0 O h r  

- 0 000% Hydrogen Carryover Rate grml_molar = 3 297 x 10- - Inha1 Fill Factor - - 5 mole ~ O L U t  

llter mol 
A3 or gm,= 0026- 
hr 

Penod 2 

gal Second Flow Rate flow, = 4 000- Time Pumped at Second Flow Rate 

Inhal Fill Factor 

id = 52 O O O h  
mm 

tvol*tz - - - 40 240% 
A3 Hydrogen Carryover Rate gr,,, = 0 026 - 
hr tvol 

Case 3-Worst Case H2&NH34-103-WSU & U 
106 dissolved H2 & CH4 to 244 U hf rncd 

u-3-7 

Process Engineenng 
CH2M HILL 

Mathcad V200Ot 
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OUTPUT SUMMARY: 
Penod 1 

lnlbal Flow Rate gal flow = 4 000 - 
m 

Inibal Fill Factor - @ O L t  - - 0 000% 
tvol 

M a l  Fill Volume 

lnibal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) &2c = 1 245 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

tvol, = 0 gal 

uhfgcl = 9 249% 

Time Pumped at lnltal Flow Rate tune = 52 ooohr 

Final Fill Factor fff=40240% 

Final Fill Volume fi = 12480gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 4 025% 

Penod 2 
gal Second Flow Rate flow, = 4 000- 

tvolmtz 

Time Pumped at Second Flow Rate lun2 = 52 ooohr rmn 

lnlbal Fill Factor - - - 40 240% Final Fill Factor ftp2=80479% 
tvol 

Inibal Fill Volume tvol,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

Inlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h2c2 = 1 245% 

Wc2  = 4 255% Final Flammable Gas Concentrabon ffgc2 = 7 035 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh202= 11 517% uhfgc2 = 13 997 % 

Maxmum %LFL wlth Loss of Venblabon = 209 930% 

Time to Reach 25% LFL wth Loss of Venblabon Tme, zs%LpL = 11 638day 

Time to Reach 50% LFL wlth Loss of Venblabon Tme, sosbLn = 40 850 day 

Time to Reach 100% LFL wlth Loss of Venblabon Tme, loosbLn = 11 5 975 day 

- 

- 

- 

Case 3-Worst Case H2BNH3 U-103-WSU B U- 
106 dissolved H2 8 CH4 to 244-U-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad VZOOO+ 
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Calculations based on worst case hydrogen generation and ammonia tank 
241-U-103 and worst case dissolved hydrogen and methane 241-U-106 

-the inhal condhon of the tank is 0% full 
-this model calulates the remainder until fill IS hit at 80% full with 
pumping rate of4 8 12,16 20 or 30 gpm 

DCRT 244-u 
I CASE 4 

INPUT SUMMARY 
General Data 

mole DCRT Ventilation Rate ~ r = 3 0 0 0 -  Nitrate Concentration NO3 = 3 180- 
hr llter 

mole 
NO, = 3 020- 

Ib Mer 

tf 

Saltwell Waste Specific Gravity p = 1 410 
Nitrite Concentration 

Radiolybc Power of Waste Wastepower = 1 481 - 
mole 

Aluminum Concentration Al=1200- 
lnhal DCRT H2 lnventoly volm = 0 oooA3 liter 

ft sec3 

0 

H2 Inventory Based on CGM? flag,,, = "no" TOC Concentration gm TOC = 12 781 - 
llter 

CGM Measurement conq,m-o,o = 0 000 %LFL 
Ammonia Concentration N H 3  = 14 850 %LFLw 

DCRT Waste Temperature T = 304 250K Methane Concentrabon CY, = 0 300 %LR, 

Penod 1 

lnhal Flow Rate gal flow = 4 000 - 
mm 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

5 mole tvolmt 
Hydrogen Carryover Rate gr,l-mo,ar = 3 297 x IO- - Initial Fill Factor - - - 0 000% 

Ilter tvol 
or gr,t= 0026- 8 3  

hr 

Penod 2 

gal Second Flow Rate flow, = 4 000 - 
mm 

A3 Hydrogen Carlyover Rate gr,, = 0 026 - 
hr 

Time Pumped at Second Flow Rate id = 52 Ooohr 

tvolma Indial Fill Factor - - - 40 240% 
tvol 

Case4 Worst Case H28NH3-U-103 8 U-106 
dissolved H2 8 CH4 to 244 U4gpm hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
U-4-2 
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OUTPUT SUMMARY 
Penod 1 

lnlhal Flow Rate gal flow = 4 000- 
m 

Time Pumped at lnltal Flow Rate tune = 52 OOOhr 

0000% Final Fill Factor fE=40240% tvoLt 
Inlhal Fill Factor - = 

wool 

lnlhal Fill Volume tvol, = 0 gal Final Fill Volume fi = 12480 gal 

Inlhal H2 Concentrabon (%LFL) &IC = 0 000% 

Final H2 Concentrabon (%LFL) 8 2 c  = 1 245 % Final Flammable Gas Concentrabon (OhLFL) ffgc = 16 395% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 619% 

Penod 2 
Second Flow Rate flowz = 4 000- gal Time Pumped at Second Flow Rate llm2 = 52 OOOhr 

rmn 

tvo~mltz 
lnlhal Fill Factor - - - 40 240% 

tvol 
Final Fill Factor B2=80479% 

Inlhal Fill Volume tvol,, = 12480 gal Final Fill Volume ffv2 = 24960 gal 

lnlhal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

M c 2  = 1 245% 

82c2 = 4 255% Final Flammable Gas Concentrabon ffgc2 = 19 405% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2~2= 11 517% 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tun% 259(LR. = 0 Oooday 

Time to Reach 50% LFL wth Loss of Venblabon Tun% 5oyLm = 25 872 day 

Time to Reach 100% LFL wth Loss of Venblabon Tun% looyLm = 94 653 day 

uhfgc2 = 26 367 % 

LILmt-bhg = 21 1 786 % 

- 

- 

- 

Case &Worst Case H2&NH3 U-103 & U 106 
dissolved H2 8 CH4 to 244-U-4gpm-hf mcd 

u-4-3 

Process Engineenng 
C M M  HILL 

Mathcad V2000+ 



Calculabons based on worst case hydrogen generabon and ammonia tank 
241-U-103 and worst case dissolved hydrogen and methane 241-U-106 SUMMARY: DCRT 244-u 

-the inhal condhon of the tank IS 0% full CASE 4 
- ths model calulates the remainder unbl fill is hlt at 80% full wth 
pumping rateof4 8 12 16 20 or30gpm 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO3 = 3 180- 

hr llter 

mole Saltwell Waste Specific G r a m  p = 1 410 
NO2 = 3 020- 

llter Radiolybc Power of Waste 

t$ 

Nltnte Concentrabon 
wastepower = 1 481 - lb 

mole 
3 Aluminum Concentrabon Al=  1200- 

volm = 0 oooft liter 

ft see= 

0 
Inha1 DCRT H2 Inventory 

gm TOC = 12 781 - 
llter 

TOC Concentrabon H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no" 

con~m-c,o = 0 000 %L.F'L. 

T = 304 2S0K 

Ammonia Concentrabon NH3 = 14 85O%LFz,, 

CH4 = 0 300 %LFLm4 Methane Concentrabon 

Period 1 

Inrbal Flow Rate gal flow = 8 000- 
mm 

Time Pumped at lnltal Flow Rate tune = 26 OOOhr 

- 0 000% Hydrogen Carryover Rate grml-m,,l~ = 3 297 x 10- - Inrbal Fill Factor - - 5 mole tvolvol, 
llter tvol 

or g,,= 0053- A3 

hr 
~~~ 

Penod 2 

gal Second Flow Rate flow, = 8 000- 
mm 

Time Pumped at Second Flow Rate lm2 = 26 OOOhr 

- 40 240% ~01mlr2 lnrbal Fill Factor - - ft3 
Hydrogen Carlyover Rate grm12 = 0 OS3 - 

hr tvol 

Case 4 Worst Case H2&NH3 U 103 8 U-106 
dissolved H2 & CH4 to 2444  Bgpm-hf mcd 

Process Engineenng 
CH2M HILL 

u-4-4 
MathidV2000+ 
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OUTPUT SUMMARY: 
Penod 1 

Inha1 Flow Rate gal flow = 8 000- 
rmn 

Time Pumped at lnltal Flow Rate tune = 26 OOOhr 

Initial Fill Factor - - - 0 000% Final Fill Factor fE=40240% ~ O l m t  
tvol 

Initial Fill Volume tvolmt = 0 gal Final Fill Volume fi = 12480 gal 

Inhal H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 1 153% Final Flammable Gas Concentration (%LFL) ffgc = 16 303 % 

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl = 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 619% 

Penod 2 

Second Flow Rate flowz = 8 000- Time Pumped at Second Flow Rate l d  = 26 O O O h  gal 
rmn 

- 40 240% Inha1 Fill Factor - - ~ O L N t Z  

tvol 
Final Fill Factor t lD=80479% 

Inhal Fill Volume tvolma = 12480gal Final Fill Volume ffv2 = 24960 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentration (%LFL) 

W c 2  = 1 153% 

fh2c2 = 3 821 % Final Flammable Gas Concentrabon ffgc2 = 18 971 % 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2= 11 517% 

Maxlmum %LFL wlth Loss of Venblabon 

Time to Reach 25% LFL wlth Loss of Venblabon Tune, 25sbLm. = 0 OOOday 

Time to Reach 50% LFL wlth Loss of Venblabon Tun% 

Time to Reach 100% LFL wlth Loss of Venblabon Tun9 loosbLm. = 94 653 day 

uhfgc2 = 26 367 % 

LFL,,,-hhg = 21 1 786 % 

- 
= 25 872day - 

- 

Case &Worst Case H28NH3 U-103 & U-106 
dissolved H2 & CH4 to 244-U-8gpm hf mcd 

Process Engineering 
CH2M HILL 

Mathwd V2000+ 
u-4-5 
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Calculabons based on worst case hydrogen generabon and ammonia tank 
241-U-103 and worst case dissolved hvdroaen and methane 241-U-106 DCRT 244-u . 
~ 

-the inhal condhon of the tank is 0% f u i  CASE 4 

-this model calulates the remainder unbl fill is hlt at 80% full wth 
pumpingrateof4 8 12 16,20 or30gpm 

INPUT SUMMARY 

mole DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO3 = 3 180- 
hr llter 

mole NO, = 3 020- 

fi3 

Saltwell Waste Specific Grawly p = 1 410 
Nltnte Concentration 

lb llter Radiolybc Power of Waste wastepower = 1 481 - 
mole fi sec" 

3 Aluminum Concentration Al= 1200- 
Inhal DCRT H2 Inventory volm = 000ofi llter 

0 

gm TOC = 12 781 - 
llter 

TOC Concentration H2 Inventory Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag,, = "no" 

co"czn_esm~ = 0 000 %LFL 
Ammonia Concentration 

Methane Concentrabon 

N H S  = 14 850%LFLm 

CH, = 0 300%LFLm4 T = 304 250K 

Penod 1 

Inhal Flow Rate gal flow = 12 000 - 
m 

Time Pumped at lnltal Flow Rate tune = 17 OOOhr 

- 0000% Hydrogen Carryover Rate gr,l-molm = 3 297 x 10- - Inhal Fill Factor - - 5 mole mo4Nt 
llter tvol 

or grml=0O79- fi3 
hr 

Penod 2 

gal Second Flow Rate flow, = 12 000 - 
m 

Time Pumped at Second Flow Rate i d  = 18 OOOhr 

- 39466% lnhal Fill Factor - - mo4Nl2 fi3 
Hydrogen Carryover Rate grmU = 0 079- 

hr tvol 

Case 4-Worst Case H2&NH3-U-103 8 U-106 
dissolved H2 & CH4 to 244 U 12gpm hf mcd 

U-4-6 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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OUTPUT SUMMARY: 
Penod I 

Inibal Flow Rate gal flow = 12 000 - 
nun 

tvolnt 
lnibal Fill Factor - - - 0000% 

tvol 

Time Pumped at M a l  Flow Rate tune = 17 OOOhr 

Final Fill Factor B = 3 9 4 6 6 %  

M a l  Fill Volume t v o l ,  = 0 gal Final Fill Volume fi = 12240gal 

Inibal H2 Concentrabon (%LFL) h2c = 0 ooO% 

Final H2 Concentrabon (%LFL) fhzc = 1 093 % Final Flammable Gas Concentrabon (%LFL) ffgc = 16 243 % 

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl = 6 681 % 

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 21 531 % 

Penod 2 

Second Flow Rate flowz = 12 000 - Time Pumped at Second Flow Rate l d  = 18 OOOhr gal 
rmn 

- 39 466% tvolrntz 
tvol 

Inibal Fill Factor - - Final Fill Factor E 2  = 81 253 % 

lnibal Fill Volume tvol,,,,, = 12240 gal Final Fill Volume f i 2  = 25200 gal 

Inibal H2 Concentrabon (%LFL) 

Final H2 Concentration (%LFL) 

h2c2 = 1 093 % 

fhzc2 = 3 763 % Final Flammable Gas Concentrabon ffgc2 = 18 913% 

Ulbmate (ss) H2 Concentrahon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2 = 11 622 % uhfgc2 = 26 472 % 

Mmmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon Tmq 

Time to Reach 50% LFL wth Loss of Venblabon Tmq 

Time to Reach 100% LFL with Loss of Venhlahon Tme, 

LF'Lmt-hh8 = 221 508 % 

= 0 OOOday 

= 24 378 day 

- 

- 
= 88 6lOday 

~ 

Case 4-Worst Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244 U 12gpm hf mcd 

u-4-7 

Process Engineenng 
CH2M HILL 

Mathcad V2000+ 
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Calculations based on worst case hydrogen generabon and ammonia tank 
241-U-103 and worst case dissolved hvdroaen and methane 241-U-106 SUMMARY: DCRT 244-U . 

-the inlhal condlhon of the tank is 0% f u i  
-this model calulates the remainder unbl fill is H a t  80% full \Nlth 
pumping rate of 4 8,12 16 20 or 30 gpm 

GASt 4 

INPUT SUMMARY 
General Data 

mole DCRT Venblabon Rate vr=3000- Nitrate Concentrabon NO3 = 3 180- 
hr hter 

mole 
Nltrlte Concentrabon NO,= 3 020- 

llter 

A3 

Saltwell Waste Specific Gravdy p = 1 410 

Radiolyhc Power of Waste W&POW~I = 1 481 - lb 

mole Aluminum Concentrabon AI= 1200- 
ft sec' 

Inhal DCRT Hz Inventory vo~Hz = o 0 0 0 ~ ~  llter 
0 

gm TOC = 12 781 - 
llter 

TOC Concentrabon Hz Inventory Based on CGM? 

CGM Measurement = 0 000%LFL 

DCRT Waste Temperature 

flag, = "no" 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 14 8 5 0 % L n ~ ~ ,  

CH4 = 0 300 T = 304 250K 

Penod 1 

gal lnhal Flow Rate flow = 16 000 - 
rmn 

Time Pumped at lnltal Flow Rate tune = 13 OOOhr 

5 mole tvolmt 
Hydrogen Carryover Rate grml-molar = 3 297 x 10- - lnlhal Fill Factor - = 0 000% 

llter tvol 
A3 

or g,,= o 106- 
hr 

Penod 2 

Second Flow Rate flow, = 16 000 - gal 
mln 

Time Pumped at Second Flow Rate ~UIQ = 13 OOOhr 

tvoLNt2 lnlhal Fill Factor - - - 40240% 
A3 Hydrogen Carlyover Rate gr,,, = 0 106- 
hr tvol 

Case 4-Worst Case H28NH3-U-103 8 U 106 
dissolved H2 & CH4 to 244-U-IBgpm hf mcd 

U-4-8 

Process Engineenng 
C M M  HILL 

Mathcad V2000+ 
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OUTPUT SUMMARY: 
Penod 1 

Inbal Flow Rate gal flow = 16 000- 
rmn 

- 0 000% Inha1 Fill Factor - - tvolmt 
tvol 

lnbal Fill Volume tvol, = 0 gal 

Inbal H2 Concentrabon (%LFL) lhzc = 0 000% 

Final H2 Concentrabon (%LFL) fh2c = 1 106% 

Time Pumped at lnltal Flow Rate tune = 13 ooohr 

Final Fill Factor B. = 40 240 % 

Final Fill Volume Ev = 12480 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 16 256% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 769% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 619% 

Penod 2 
gal Second Flow Rate flow, = 16 000 - Time Pumped at Second Flow Rate l d  = 13 OOOhr rmn 

- 40 240% lnbal Fill Factor - - tvolml2 
tvol 

Final Fill Factor fttz=80479% 

lnbal Fill Volume tvolmU = 12480 gal Final Fill Volume ffv2 = 24960 gal 

lnbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lhzc2 = 1 106% 

&2c2 = 3 593 % Final Flammable Gas Concentrabon ffgcz = 18 743% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhh2c2= 11 517% uhfgc2 = 26 367 % 

Maximum %LFL wlth Loss of Venblabon 

Time to Reach 25% LFL wlth Loss of Venblabon Tme;? 25JwR. = 0 OOOday 

Time to Reach 50% LFL wlth Loss of Venblabon Tune, 5ooLm = 25 872 day 

Time to Reach 100% LFL wlth Loss of Venblabon Time, ,oo%LpL = 94 653 day 

L.FL,-hhg = 21 1 786% 

- 

- 

- 

Case 4-Worst Case H2gNH3-U-103 & U 106 
dissolved H2 & CH4 to 244-U-16gpm-hf mcd 

Process Engineenng 
CH2M HILL 

u-4-9 
MathcadV2000+ 
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Calculabons based on worst case hydrogen generation and ammonia tank 
241-U-103 and worst case dissolved hydrogen and methane 241-U-106 

-the inlbal condlbon of the tank is 0% full 
-this model calulates the remainder unbl fill IS hlt at 80% full with 
pumping rate of 4 8 12 16 20 or 30 gpm 

DCRT 244-u 
CASE 4 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate ~ r = 3 0 0 0 -  Nltrate Concentrabon NO, = 3 180- 
hr llter 

mole 
NO, = 3 020- 

llter 

ft3 

Sallwell Waste Specific G r a m  p = 1 410 
Nltnte Concentrabon 

Radiolybc Power of Waste wastepower = 1 481 - lb 

mole ft secJ 
3 Aluminum Concentrabon Al= 1200- 

M a l  DCRT H2 Inventory volm = 0 oooft llter 
0 

TOC = 12 781 - gm TOC Concentrabon H2 lnventoly Based on CGMV 

CGM Measurement 

flag,, = "no' 

concLn_.,o = 0 000 %LFL 
llter 

Ammonia Concentrabon N H S  = 14 850 %LFLm 

DCRT Waste Temperature T = 304 250 K Methane Concentrabon CH, = 0 300%LFL, 

Penod 1 

lnlbal Flow Rate gal flow = 20 000- 
nnn 

Time Pumped at lnltal Flow Rate tune = 10 OOOhr 

- 0000% Hydrogen Carryover Rate grm,-,,,o,u = 3 297 x 10- - lnlbal Fill Factor - - 5 mole ~ O ' l n l t  

11te.I tvol 
ft3 or gm1= o 132- 
hr 

Penod 2 

gal Second Flow Rate flowz = 20 000 - Time Pumped at Second Flow Rate 

lnlbal Fill Factor 

llm2 = 1 1  OOOhr 
nnn 

~04Nr2 - - - 38 692% 
ft3 Hydrogen Carryover Rate grWlz = 0 132- 
hr tvol 

Case 4 Worst Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-20gpm-hf mcd 

U-4-10 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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OUTPUT SUMMARY 
Penod 1 

gal flow = 20 000 - lnlbal Flow Rate 
rmn 

0000% lnlbal Fill Factor - = tvolmt 
NO1 

M a l  Fill Volume tvol, = 0 gal 

lnlbal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (%LFL) fhzc = 1 041 % 

Time Pumped at lnltal Flow Rate tune = 10 000hr 

Final Fill Factor = 38 692% 

Final Fill Volume fi = 12000 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 16 191 % 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2cl= 6 592% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 21 442% 

Penod 2 
gal Second Flow Rate flow2 = 20 000 - 

~OlUUU 

Time Pumped at Second Flow Rate i d  = 11 o0oh 
rmn 

Final Fill Factor B2 = 81 253 % Inlbal Fill Factor - = 38 692% 
tvol 

Inlbal Fill Volume tvolm, = 12000 gal Final Fill Volume ffv2 = 25200 gal 

lnlbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

h2c2 = 1 041 % 

fhzc2 = 3 635 % Final Flammable Gas Concentrabon ffgc2 = 18 785% 

Ulbmate (ss) H2 Concentrabon (%LFL) 

uhh2~2= 11 622% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

uhfgc2 = 26 472 % 

Maxlmum %LFL vvlth Loss of Venblabon 

Time to Reach 25% LFL with Loss of Venblabon Time, 25ym = 0 OOOday 

Time to Reach 50% LFL wlth Loss of Venblabon Tm% soam = 24 378 day 

Time to Reach 100% LFL wth Loss of Venblabon Tune, loookm = 88 610day 

LFLmt-hhE = 221 508 % 

- 

- 

- 

Case &Worst Case H28NH3 U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-20gpm-hf mcd 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
U-4- 11 
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Calculabons based on worst case hydrogen generabon and ammonia tank 
241-U-103 and worst case dissolved hvdroaen and methane 241-U-I06 DCRT 244-u . - 

-the inhal condhon of the tank IS 0% f u i  CASE 4 

- thls model calulates the remainder unbl fill is hlt at 80% full wlth 
pumping rate of 4 8 12,16 20 or 30 gpm 

INPUT SUMMARY: 
General Data 

mole DCRT Venblabon Rate w = 3 m -  Nltrate Concentrabon NO3 = 3 180- A3 

hr llter 

mole NO, = 3 020- 
hter 

Saltwell Waste Specific G r a m  p = 1 410 

Radiolybc Power of Waste 
Nltnte Concentrabon 

wastepower = 1 481 - lb 
mole Aluminum Concentrabon Al= 1200- 

A sec' 

volHz = o 0 0 0 ~ ~  llter 
0 

Inhal DCRT H2 Inventory 

gm TOC = 12 781 - 
liter 

TOC Concentrabon H2 lnventoly Based on CGM? 

CGM Measurement 

DCRT Waste Temperature 

flag, = no" 

concw?L_.s,o = 0 OOO%L.FL 

T = 304 250K 

Ammonia Concentrabon 

Methane Concentrabon 

NH3 = 14 850 %LFLm 

CH, = 0 300 %LFL, 

Penod 1 

M a l  Flow Rate gal flow = 30 000 - 
rmn 

Time Pumped at lnltal Flow Rate me = 7 OOOhr 

tvoLlt Inhal Fill Factor - - - 0000% 
5 mole 

Hydrogen Carryover Rate grwl-,,,olm = 3 297 x 10- - 
liter tvol 

f? or grmI=ol98- 
hr 

Penod 2 

Second Flow Rate flow, = 30 000 - gal 
rmn 

Time Pumped at Second Flow Rate hn2 = 7 OOOhr 

- 40627% tvOlUUt2 lnlbal Fill Factor - - A3 
Hydrogen Carryover Rate grwlz = 0 198- 

hr tvol 

Case 4 Worst Case H28NH3-U-103 8 U-106 
dissolved H2 8 CH4 to 244 U 30gpm hf mcd 

U-4-12 
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/ 
Author A e_ %J-.-- Date /,/J $/e 0 Checked by 

OUTPUT SUMMARY 
Penod 1 

Inbal Flow Rate gal flow = 30 000 - 

tvolmt 
tvol 

rmn 

- 0 000% lnbal Fill Factor - - 

Inhal Fill Volume 

lnbal H2 Concentrabon (%LFL) lh2c = 0 Ooo% 

tvolmt = 0 gal 

Final H2 Concentrabon (%LFL) fh2c = 1 098% 

Time Pumped at lnltal Flow Rate tune = 7 ooohr 

Final Fill Factor B = 4 0 6 2 7 %  

Final Fill Volume ~RJ = 12600 gal 

Final Flammable Gas Concentrabon (%LFL) ffgc = 16 248 % 

Ulbmate (ss) H2 Concentrabon (%LFL) W c i  = 6 813% 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

Penod 2 

uhfgci = 21 663% 

gal Second Flow Rate flow, = 30 000 - 
rmn 

Time Pumped at Second Flow Rate llm2 = 7 OOOhr 

tvoLur2 lnbal Fill Factor - - - 40 627 % Final Fill Factor ffpL = 81 253 % 
tvol 

lnhal Fill Volume tvolmr2 = 12600 gal Final Fill Volume ffv2 = 25200 gal 

Inbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) 

h2c2 = 1 098% 

fh2c2 = 3 571 % Final Flammable Gas Concentrabon 

Ultimate (ss) Flammable Gas Concentrabon (%LFL) 

ffgc2 = 18 721 % 

W c 2 =  11 622% uhfgc2 = 26 472 % 

Maxlmum %LFL vvlth Loss of Ventilation 

Time to Reach 25% LFL vvlth Loss of Venblabon Tune, zssbLm. = 0 OOOday 

Time to Reach 50% LFL W h  Loss of Venblabon Tm% 50.xLpz = 24 378 day 

Time to Reach 100% LFL vvlth Loss ofvenblabon T n e ,  l o o o ~ m  = 88 6lOday 

LFL,-hhg = 221 508% 

- 

- 

- 

Case 4-Worst Case H28NH3-U-103 8 U 106 
dissolved H2 8 CH4 to 244-U-30gpm hf mcd 

U-4-13 

Process Engineenng 
CH2M HILL 

Mathcad V200Ot 
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244-U-DCRT 

CASE 5 

U-5-1 
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DCRT 2444 
Case 5 (Story 1) 

Worst Case Tank Waste U-108 
Ammonia in liquid waste in U 108 -25%, 50%, and 100% LFL 
at various temperatures between 70 and 170 deg F 

Table U5 1 Shumpe Model for U 108 Ammonia Values 

Model Vapor Space in liquid waste 
Temperature Ammonia in Ammonia 

1/12/00 15 02 

c 

U-5-2 

- 
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Author& e .&&.+.- Date I h $ / D d  Checked by S%#.L- Date \ ] ‘ ~ L / B Q  

DCRT 2 4 4 4  
Case 5 (Story 1) 

Table U5 2 U farm Ammonia Data 

u-5-3 



DCRT 
Case 

- - 

RPP-4941 Rev 0 Appendix G 

Author& e. %!&?--- Date {/d./.. Checked by Date k ( 2 6 1 0 0  
/ 

244 U 
5 (Story 1) 

/ 

u-5-4 
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A u t h o r a  e +Date !/?q&6 Checked by &\I$ Date I ( ) I , ~ o  

I 
Mass fraction water in Iiq 
Liquid density (kg/m3) 
T (C) I 

DCRT 244 u 
Case 5 (Story 1) 

0 479 Temperature 
1380 deg F 
30 0 86 

Temperature 

Table U5-3 (Cont d) Henrys Law Constant Calculation for Tank U 102 (2 pages) 
I I I I I I I I I I 

I I ldeg C 
30 0 

PNL10785 I ...._ v I-_,,, I,.. 

gmoles/L (Iiq ) h (G) Kwater/Ksait (mol/ 
Ammonia 4 374E 02 481OE02 7731F+M 4 
Hydrogen 2 330E 02 . . .. 

/ 

u-5-5 
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Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RF'P-4941 Rev 0 Appendix G 

Author& e L Date&&!$/W Checked be+ Date /lZ6/00 

U-103 
0 1  Correction Factor for Schumpe Model 1 
244 U 

Tt ... . . 
I 

244 U 
5 (Story 1) 

15-4 Henq ~ -aw Constant Calculation for Tan 
Input Data for Henrys X calcdalion and the Dynamic SF 

I I I1 2 4 4 4  

I03 (2 pages) 
heet I 

\ 

U-5-6 
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Author &.e ALA.-.. Date l/adDo Checked by Date 1)2e/60 

DCRT 244 u 
Case 5 (story 1) 

tlon for Tank U 103 (2 pages) 
I Revision OINH, 1 

imonia 0 0481 
drogen -0 0218 
,thane -0 524 0 0022 

__ .. -. ........ I I I I Temperature 
I I laeg F 

I I 

Mass fraction water in Iiq 0 49 
L quia dens ty (kg/m3) , 1410000 ................. - ' - .---I-- I us! T I C ,  .?, , ,-, - . /  "- I I 

I I I I I I ITemperature 
I ldeg C 

I I I I I I 

___ 
u-5-7 
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Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2444  
U-105 
0 1  
244 U 

Correction Factor for Schumpe Model 1 

Author& e&- Date /,&/60 Checked by J\ Q-L Date 1/26/00 

244 U 
5 (Story I) 

U-5-8 
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Author& e %da.,-o- Date //e Checked by Date I126/Oa 

DCRT 244 u 
Case 5 (Story 1) 

I I I I I I I Jdeg C 
I3222222222 

I I I IDNI I ~ ~ R C .  I I I 
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Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

2 4 4 4  
U 106 
0 1  
244-U 

Correction Factor for Schumpe Model 1 

A u t h o r d c  Date / / ! 6 / 0 0  Checked by 2 + Date i/26/oci 

244 U 
5 (Story 1) 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter lunits lvalue 
NH-. I d m l  I 1 

I I 
Tank Characteristics (Receiving Tank) 

Parameter lunits ]Value 
Percent Fill of Receivino Tank I O h  I SO 

Na" lwglml I 210001 I lvolume of Vapor Space IL 58700 
 AI*^ Iwnl 113001 ILength ofwaste Fall Ift 

/NO* Ipglml I 928001 ITemuerature of Air in Vapor Space I°F I 83 8 

6 
Fe'3 

Nit* 

NO? ' 

c r  

K+' 
OH ' 

mn 50 Inside Diameter of Receiving Tank ft 12 
wlml 393 Flow Rate of Waste gpm 4 
mlml 496 Total Pressure in Vapor Space atm 1 
tdm l  1810 Ventilation Flow Rate for Receiving Tank cfm 0 05 
wlml 0 Total Ventilation Flow Rate for Stack cfm 0 05 
pglml 233001 Total Bubbler Flow Rate cfh 3 

cos pglml 46500 Stream Diameter 
pod )Iglml 3708 Tortuosity Factor 
7 m/ml 
F '  wlml 60 Surface Area of Still Waste 

8130 Initial Concentration of NHB in the Vapor Phase 

/Temperature (OF I 821 I I I 

inches 1 
unitless 1 
tn0lelm' 0 

m2 39 02 

U-5-10 

CI 1 

Lit' 
Br' 
OhH..O 

wlml 5070 Fumigation Divisor at 100 meters unitless 1 
pglml 0 Non Fumigation Divisor at 100 meters unitless 1 
mlml 0 Correction Factor for Schumpe Model unitless 1 
O/n A 8  R '- ... . 

Specific Gravtty 
Total Organic Carbon 
Cs 137 

." .-  - 
.- - .. . . - - 

- .- unttless 135 
gll 37 47 
d i l m  



- -- ~~ 

RPP-4941 Rev 0 Appendix G 

A u m o r 4  e ALA.-,- Date(/2$/bO Checked by Date l/k-./.o 

DCRT 244 u 
Case 5 (Story 1) 

/ 
U-5-11 



DCRT 
Case 

Source Tank 
Dilution Ratio 

-_ -------.- - - 

RPP-4941 Rev 0 Appendix G 

Author & e &id&.,- Date /,A+ Checked by d%%,..), Date [,/26Lb 
/ 

2 4 4 4  
U-I07 
0 1  Correction Factor for Schumpe Model 1 

244 U 
5 (Story 1) 

U-5-12 
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Author- D a t e l W 6 h  Checked by A b q s D a t e  1 \?C/o0 

DCRT 244 u 
Case 5 (Story 1) 

- 
U-5-13 
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Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 244 U 
Case 5 (Story 1) 

2 4 4 4  
U 108 
0 1  
244 U 

Correction Factor for Schumpe Model 1 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 1 4  
g/l 8 95 
pCilml 416 
OF 88 

dl -- ____ 
U-5-14 
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Author& Datej,/k+ Checked by Date \,k2.6 / o o  
/ 

I 
Mass fraction water in Iiq 
Liquid density (kg/m3) 
T (C) I 

DCRT 244 u 
Case 5 (Story 1) 

0 50 Temperature 
1400 000 deg F 

31 aa 

INO"' I AFS no55 I 7 A ? I  o oms1 n 2246469491 I I I 

U-5-15 
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1 
Author& e %LA-+-- 

DCRT 244 U 
Case 5 (Story 1) 

____- 
U-5-16 



~ -~ 
~ 

WP-4941 Rev 0 Appendix G 
Authordge Date/ /,/ 26 00 Checked by d%%& Date ,!;?i/oO 

DCRT 244 u 
Case 5 (story 1) 

Y 

U-5-17 



DCRT 
Case 

2 4 4 4  
Source Tank u 108 
Dilution Ratio 0 1  Correction Factor for Schumpe Model 1 

~ 

744 I I 

~~ -~ .~ 

RPP-4941 Rev 0 Appendix G 

~ 

244 U 
5 (Story 1) 

Liquid Waste Characteristics (Source Tank) 
Parameter lunits lvatue 
NH- I d m l  I 3079 

Tank Characteristics (Receiving Tank) 
Parameter lunits lvaiue 
Percent Fill of Receiving Tank I % I 50 

I I I I  I I 

P O P  
so4 
F’ 
CI ’ 

mlml 3126 Tortuosity Factor unitless 1 
k@ml 4230 Initial Concentration of N H ~  in the Vapor Phase molelm‘ C 
PgIml 790 Surface Area of Still Waste m2 39 02 
wnl 8940 Fumigation Divisor at 100 meters unitless 1 

- - 
INa” I 2429991 IVolume of Vapor Space 58700 

LI” 
Br’ 
%H20 
Specific Gravity 
Total Organic Carbon 
Cs 137 

d m l  0 Non Fumigation Divisor at 100 meters unitless 1 
mlml 0 Correction Factor for Schumpe Model unitless 1 
Yo 50 02 
unitless 1 4  
gll 8 95 
pCilml 416 

U-5-18 
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Author& e Date !&hd Checked b y G %  Date 12 6 /& 

Br’ 

DCRT 244 u 
Case 5 (story 1) 

79916 0 000E+00 0 0269 0 

21 28963822 2064821709 
Average 

U-5-19 
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Equil "3 Conc in Vapor Space 

- ~~ 

UP-4941 Rev 0 Appendix G 

Author& e A!& Date<h@ Checked by +k[ -, Date I !  2C /Do 

244 U 
5 (Story 1) 

Max NH3Conc Based 
on Henrys Law 

3 88 % Constant 

Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I I I 

U-5-20 
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Author& e Date//!%O Checked by@+ Date I 1  26/00 
/ 

DCRT 244 U 
Case 5 (Story 1) 

- -- _-- 
U-5-21 
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A M o &  e.% Date ! j zp /OO Checked by Date E )  ;?b 100 

DCRT 244 u 
Case 5 (Story 1) 

U-5-22 
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Case 

Equil "3 Conc in Vapor Space %NHa,max, 7 75 % 

~ - 

RPP-4941 Rev 0 Appendix G 

DateJ,kfj/Ol) Checked by Date I 1 2 c h 0  
4 

Author& 

244 U 
5 (Story I )  

Max "3 Conc Based 
on Henrys Law 
Constant 

Tat.- 15- 
I 

mt'd) U-108 Ammonia C: ulations for Shumpe 
I I I I 

U-5-23 
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Source Tank 
Dilution Ratio 
Receiving Tank 

____ 
WP-4941 Rev 0 Appendix G 

u 108 
0 1  Correction Factor for Schumpe Model 1 
244 U 

DCRT 
Case 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

Author& e & Date (,L24J" Checked by bb , Date& 
B 

unitless 1 4  
gll 8 95 
pCi/ml 416 
OF 70 

244 U 
5 (Story I) 

Table US-IO U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
lnpLt Data for Henrys K calculation and tne Dynamic Spreadsheet 1 

U-5-24 



DCRT 244 u 
Case 5 (Story 1) 

Mass fracfion water in Iiq 
Liquid density (kglm3) 
T (C) I 

0 50 Temperature 
1400 000 deg F 

21 70 
Temperature 

I I I I I I I ldeg C 
I 2 1  11111111 

I I I I IPNL 10785 I I 

lCrI.,,mno Icrk,,mn* In,,"- I.mbF v ,"-,.",,+,- ,w",,.,,,,v" ,,u,p ..-._I ,. 
I Igmoles/L (Iiq )Ih (G) IKwater/Ksalt (mol/kgwtr at 

Hudmnsn I I 3 nfidF 031 d 331 E+01 8 025E 04 
Ammonia I 072310592] 004811 109847483 7315835385 

I *~=E+02 1 537E 03 

mol/L(liq) atm NH3 

4663860347 0155044505 
1 331 E 05 0 000E+00 
7 534E 06 0 000E+00 

Henrys K Pan P atm 

U-5-25 
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RPP-4941 Rev 0 Appendlx G 

Author&e#!--- Date l ,hq  60 Checked b y d , b  Date 1 2 6  / 00 
244 U 
5 (Story 1) 

- 
U-5-26 
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DCRT 
Case 

A u t h o r A r .  J%&, Date 1)26/00 

244 U 
5 (Story 1) 

I I I I 
Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank) 

Parameter lunits /Value Parameter ]Units /Value 
NHn I 2364 Percent Fill of Receivina Tank I% I 

/ 
U-5-27 
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I 

Mass fraction water in Iiq 
Liquid density (kg/m3) 
T (C) I 

DCRT 244 u 
Case 5 (story 1) 

21 28963822 2064821709 

0 50 Temperature 
1400 000 deg F 

27 80 

U-5-28 
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Equil “3 Conc in Vapor Space 
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RPP-4941 Rev 0 Appendix G 

Autho Date ;/!!j/66 Checked by 

244 U 
5 (Story 1) 

Max NH3Conc Based 
on Henrys Law 

ohNH3,Max, 3 88 % Constant 

6461 232605 I 1 569E+00l 3 871 25 00150% at 4gpm 

__c_ 

U-5-29 
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Case 

Source Tank U-108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

-~ ~ 

RPP-4941 Rev 0 Appendix G 

Author &e && Date <J2$/06 Checked by 3% % Date \12C/f)o 

244 U 
5 (Story I )  

244-U 

Correction Factor for Schumpe Model 1 

- 
U-5-30 
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A " t h o r & e . $ ! L Z s L A  Data !/+Ob Checked by 1 Date L [ 2 6 / O d  

DCRT 244 u 
Case 5 (Story 1) 

u-5-3 1 
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DCRT 
Case 

Equil NH3 Conc in Vapor Space %NHt,MaxJ 7 75 % 

~- - 

RPP-4941 Rev 0 Appendix G 

Author&e%L,+ Date .i,bj/6b Checked by ,%& Date t ! 2 c / O d  

244 U 
5 (Story I) 

Max NH3Conc Based 
on Henrys Law 
Constant 

/ 

U-5-32 
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Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

- 
U 108 
0 1  Correction Factor for Schumpe Model 1 
244 U 

244 U 
5 (Story I) 

Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I I I  2 4 4 4  I I 

I I I I 
Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue Parameter /Units /Value 
NH, I 9457 Percent Fill of Receivina Tank I% I 50 

u-5-33 
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A u t h o r & C & d w  D=ate{/+h Checked by 
/ 

DCRT 244 u 
Case 5 (Story 1) 

/ 

u-5-34 
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~ 

Equil "3 Conc in Vapor Space %NHqwax) 15 51 % 

/- 

RFT-4941 Rev 0 Appendlx G 

Author&% & Date4h$hO Checked by 6. ,$a & Date I ) 2 6 / ~ , j  

Max NH3Conc Based 
on Henrys Law 
Constant 

244 U 
5 (story 1 ) 

/ 
u-5-35 
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Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

RPP-4941 Rev 0 Appendix G 

AuthordC-A e, Date d !  Checked by d,Q Date 1/26/&j 

244 U 
5 (Story 1) 

2444  
U 108 
0 1  
244 U 

Correction Factor for Schumpe Model 1 

NO2 ’ Imnl I 1300001 /Temperature of Air in Vapor Space IOF 91 8 

Po4 wnl 
so4 Pg/ml 
F ’  d m l  

U-5-36 

3126 Tortuosity Factor unitless 1 
4230 
790 Surface Area of Still Waste m2 39 02 

Initial Concentration of NH3 in the Vapor Phase molelm” 0 



DCRT 244 u 
Case 5 (Story 1) 

Ammonia 
Hydrogen 
Methane 

Schumpe Schumpe pure water K mol/L(liq) atm "3 
grnoles/L (Iiq ) h (G) Kwater/Ksalt (mol/kgwtr at Henrys K Part P a h  
0 107570446 0 0481 10 9847483 43 52508667 2 774733371 0 03876785 

2 396E-02 3 587E+01 7 576E 04 1 479E 05 0 000E+00 
1 584E 03 1 074E+02 1 271 E 03 8 286E 06 0 000E+CO 

u-5-37 
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Author& e A  D a t e ! / y 6  Checked by A ,\.%A Date I !  26 p p  

244 U 
5 (Story 1) 

/ 
U-5-38 



DCRT 
Case 

Source Tank U-108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

----___ 
RPP-4941 Rev 0 Appendix G 

2 4 4 4  

Correction Factor for Schumpe Model 1 

244 U 
5 (Story 1) 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter /Units lvalue 
NH* I d m l  I 3664 

I I 
Tank Characteristics (Receiving Tank) 

Parameter /Units lvalue 
Percent Fill of Receivina Tank I Oh I 50 

u-5-39 
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Author&-f& Date{/* Checked by 2.b ?& Date I2-6 /BLl 

21 28963822 

DCRT 244 u 
Case 5 (Story 1) 

I Average 
2 0648217091 

I 

Mass fraction water in Iiq 
Liquid density (kg/m3) 
T (C) I 

0 50 Temperature 
1400 000 deg F 

32 90 
Temperature 

/ 
U-5-40 
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Equil "3 Conc in Vapor Space 

DCRT 
Case 

Max NH3Conc Based 
on Henrys Law 

7 75 % Constant 

244 U 
5 (Story 1) 

""" 

109 
132 
166 
41 7 

646 

Table U5-10 (Cont'd) U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I 4 I I I I I 

" ."-- - - - . - - - . . -  -- -- 
39300 3 081E+00 7 75 50 00 
47640 3 081E+00 7 75 50 00 
59580 3 081 E+OO 7 75 50 00 
150000 3 081 E+OO 7 75 50 00 

232605 3 081E+00 7 75 50 00 50% at 4gpm 
Time to fill from 0% to 

I I I I I I Variable I Variable I Variable I 
I I neita r! I neita c I neita c I 

538) 19362 I 3 073Ec00 I 7 731 49 881 
8271 29784 1 3 081 E+OO I 7 751 50 001 
9 G R I  ?AAGn I 2 nni F+nn I 7 7 S l  sn nnl 

/ 
U-5-41 
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Author& e ALL-& DateLbL//DO Checked by-&,b. Date 

244 U 
5 (Story 1) 

Table U5-10 U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I I I  2 4 4 4  I I 
Source Tank IU 108 I I I  I I 
Dilution Ratio 10 1 
Receiving Tank 1244 U I 1 1  1 1 

I /Correction Factor for Schumpe Model 1 

/ 

U-5-42 
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Author D a t e l / e  Checked b y 4 1  & ate 

DCRT 244 u 
case 5 (story 1 )  
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DCRT 
Case 

646  232605 6 162E+00 

- 
RPP-4941 Rev 0 Appendix G 

Time to fill from 0% to 
15 50 100 00 50% at 4gpm 

244 U 
5 (Story 1) 
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Authorpa  &&.-.- pc Date !+ Checked by 2% -& Date 1 2 6 ,/Q 0 
!Y 

DCRT 244 U 
Case 5 (Story 1) 
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DCRT 
Case 

Ta 
Source Tank 
Dilution Ratti 

OH' 

SO" 

Mass fractio 
Liquid densii 

, : 
Ammonia 

~~ - ~ 
~~ ~ 

RPP-4941 Rev 0 Appendix G 

Author& -e D a t e j k f h O  Checkedby \h Date 

244 u 
5 (Story 1) 

le U5-10 (Cont'd) U-108 Ammonia Calculation 
U 108 (INPUT DATA  ate 36538 51 382 
n "  I I 
" I  

M W  ci (moles/L) t 
2299 10569787 0114: 
26 98 1 22 0 2171 
55 85 0 00 0116 

52 2462E02 0 0641 
5871 5 323E 04 0 1653 
3909) 1 026E 01 1 0 092 

62 M)491 2 921 00121 
17 00741 2 891 0 0831 
.- .. .. - .- 
46 00551 2 831 0 079! 
60 00921 0 371 0 142: 

~ 

94 96761 0 031 02111 
96 05761 4 404E 021 0111' 

0 09: 
00311 
0 075, 
0 0261 

21 28963822 

water in Iiq 0 50 
[kg/mJ) 1400 000 

38 

Schum e 
moles/L Iiq h G 
0 084024732 

2 562E-0 
4 496E 0: 

hi% 
1 2081 26639 
0 2551 02298 
6 92235E 05 
0001595077 
8 60387E 05 
0009458225 
0 2424641 63 
0037364871 
0224646949 
0 0521 6871 5 
0006974576 
0 00491 8832 
0 003825265 
0 00801 8836 

0 

2064821705 

Schumpe 
<water/Ksalt 

10 9847483 
3 307E+01 
9 314EN1 

Worst Case (99 pages) 
vision O J N H ~  

I I,mtrni 1 
I I 1431 

I 0084024732 
I 

rom Weisenberger & Schumpe (1996) rnoles/L 

,mmonia 0 0481 
0 0218 

!ethane 0 0022 

I I I 

I I I 
(Average 

Tem erature 

Temperature 

3777777778 .... <--.,.- 

/ 

U-5-46 



DCRT 
Case 

Equil "3 Conc in Vapor Space 

~~ 

RPP-4941 Rev 0 Appendix G 

Author& 

244 U 
5 (Story 1) 

Max "3 Conc Based 
on Henrys Law 

%NHJ(Max, 3 a8 % Constant 

Table U5-10 (Cont'd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I I I 

I 1 Variable I Variable I Variable I 
I ndta c I ndta c I ndta c I 

6 4 6 )  232605 I 1512E+001 3 871 24 99150% at 4gpm 



RF'P-4941 Rev 0 Appendix G 

Date$+O Checked by 3 b R& Date I )26[m 
DCRT 244 U 
Case 5 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

Table US-IO U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
lnpLt Data for henrys K calcdlation and the Dynamlc Spreadsheet 

I I I 344.1 I I I -.. - 
U 108 
0 1  
244 U 

Correction Factor for Schumpe Model 1 

~ r ' ~  
NI'~ 
K' 
OH' 

pglml 1280 Flow Rate of Waste gpm 4 
Pdml 31 Total Pressure in Vapor Space atm 1 
clglml 4010 Ventilation Flow Rate for Receiving Tank cfm 0 05 
d m l  49150 Total Ventilation Flow Rate for Stack cfm 0 05 

NO3 ' d m l  181000 Total Bubbler Flow Rate cfh 3 
NO2 ' d m l  130000 Temperature of Air in Vapor Space OF 101 0 
co., 22000 Stream Diameter inches 1 

U-5-48 
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A u t h o d  Date//,$/& Checked by 2% % Date* 

DCRT 244 u 
Case 5 (Story 1) 

Br I 799161 0000E+001 0 02691 I I I 

I I 21 289638221 I 2064821709/ I I I 
I I I I ]Average 

I I I I 

//-/ 

u-5-49 
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__- - _ ~ _  __ 

RPP-4941 Rev 0 Appendix G 

A u t h o r 4  e.&- D a t e q q Q b  Checked by & b& Date / !h?oO 

244 U 
5 (Story 1) 

_-- 
U-5-50 



DCRT 
Case 

Source Tank U-I 08 
Dilution Ratio 0 1  
Receiving Tank 244 U 

-~ 

RPP-4941 Rev 0 Appendix G 

Author&-- Date{h$/OO Checked by&%, &#- Date&o 

244 U 
5 (Story 1) 

2 4 4 4  

Correction Factor for Schumpe Model 1 

/ 

U-5-51 
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RPP-4941 Rev 0 Appendix G 
A u t h o r b e  Date$/.2+ Checked by y & ' % - L  Date 

P 

DCRT 244 u 
Case 5 (Story 1) 

Br I 799161 0000E+001 0 02691 I I I 
I I 21 289638221 1 2064821709] I I I 

I I I I IAverage 

I 

/ 
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Case 

646 232605 6 052E+00 

~~~ ___ ~~ 

RF'P-4941 Rev 0 Appendix G 

Time to fill from 0% to 
15 50 99 99 50% at 4gpm 

244 U 
5 (Story 1) 

/ 
u-5-53 



DCRT 
Case 

Source Tank 
Dilution Ratio 
Receiving Tank 

I 
RPP-4941 Rev 0 Appendix G 

2 4 4 4  
U-108 
0 1  
244 U 

Correction Factor for Schumpe Model 1 

Author&- Date;/!q- Checked by Lh *%&- Date- I 

244 U 
5 (Story 1) 

Liquid Waste Characteristics (Source Tank) Tank Charactenstics (Receiving Tank) 
Parameter \Units lvalue Parameter lunits [Value 
NHn I 1128 Percent Fill of Receivina Tank I% I 50 

/- 

u-5-54 
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Date { / ! !  Checked by X'D -(&l-k Date !, />6/@ 

DCRT 244 u 
Case 5 (Story 1) 



DCRT 
Case 

-- -- - 

UP-4941 Rev 0 Appendix G 

A u t h o r d C U T  Date 1 ,/ 26 ,/ 60 Checked by AtbkjL Datef/P&/& 

244 U 
5 (Story 1) 



/ 

RPP-4941 Rev 0 Appendix G 

Date !,b$/zJO Checked by@ ,A Date ? ( Q S , ~ Q  Autho 

244 U 
5 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 
Case 

U 108 
0 1  Correction Factor for Schumpe Model 1 
244 U 

Table U5-10 U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsheet 

I I I I  344-1 I I I 

Specific Gravity 

Cs 137 
Total Organic Carbon 

Temperature 

unitless 1 4  

pcilml 416 
OF 110 

g/I a 95 

NO2 ’ I d m l  I 1300001 ITemperature of Air in Vapor Space I°F 111 a 
COP I 220001 IStream Diameter 1 

u-5-57 



DCRT 
Case 

Source Tank 
Dilution Rabi 

Mass fractioi 
Liquid densit 

I 

~ 

FWP-4941 Rev 0 Appendix G 

Autho Date+!k$& Checked b y 2 . h  %+A Date I JZh 16. 
244 u 
5 (Story 1) 

108 Ammonia Calculation 
A [Date I 3653855307 

Schumpe Schumpe 
gmoles/L (Iiq ) h (G) 
0 132407948 0 0481 10 9847483 

2 728E 02 3 048E+01 
7 407E 03 8 075E+01 

Kwater/Ksalt 

0 I32407946 
I I I 

as Ih (T) Ih (G 0) 
I I I 

nmonia I -0 0461 I 

ethane I 0 5241 0 00221 
idrogen I 0 2991 002181 

I I IAverage 
I 

I I I 

I I ldeg F 
/Temperature 

I 

U-5-58 
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Equil NH3 Conc in Vapor Space 

DCRT 
Case 

Max NH3Conc Based 
on Henrys Law 

%NH31MaxJ 7 75 % Constant 

Author& e Date {j%b Checked by A h ,  
244 U 
5 (Story 1) 

I I I I I 
I Variable I Variable I Variable I 

I DeltaC I 

. . . . . - ._ . . . . . . - . . . - . - ._ 
6461 232605 I 2 972E+00/ 49 99150% at 4gpm 

/ 
u-5-59 



____ - 
RPP-4941 Rev 0 Appendix G 

Source Tank I U-I 08 I 
Dilution Ratio 10 1 
Receiving Tank 1244 U ! 

DCRT 
Case 

Correction Factor for Schumpe Model 1 

244 U 
5 (Story I) 

Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
lnplrr Data for Henrys K calculation and tne Dynamic Spreadsneet 

I I I I  2 4 4 4  I I 

_- 
U-5-60 



DCRT 244 u 
case 5 (story 1) 

- 
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RF'P-4941 Rev 0 Appendix G 

Author &p.& Date ,/&/Q 
244 U 
5 (Story 1) 

/ 
/- 

U-5-62 
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Author& e- Date (/25j'Do Checked by A\,$,&-- Date f [26 /& 
DCRT 244 ll 
Case 5 (Story 1) 

Source Tank 
Dilution Ratio 
Receiving Tank 

244-U 
U 108 
0 1  Correction Factor for Schumpe Model 1 
244 U 

I I I I1 i i I 

Specific Gravity 
Total Organic Carbon 
Cs-137 
Temperature 

unitless 1 4  
gll 8 95 
pCi/ml 416 
OF 120 

U-5-63 
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RPP-4941 Rev 0 Appendix G 
A u t h o r s  e L h  &,b,g- Date-&,& 

DCRT 244 u 
Case 5 (Story 1) 

/- 

U-5-64 



DCRT 
Case 

______--- --- 

RF'P-4941 Rev 0 Appendlx G 

Author& e %&-, Date !/!66 Checked by a 9 . F -  Date q!&/&. 
!Y 

244 U 
5 (Story 1) 

TL-le U5-10 (Cont'd) U-I08 Ammonia Ca.-ulations for Shumpe Worst 
I I I I I 

U-5-65 



DCRT 
Case 

RPP-4941 Rev 0 Appendix G 

Date </2$d06 Checked by Date (('?L/Oo Author od! e&&.-,- 
244 U 
5 (Story I) 

Table US-IO (Cont'd) U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for rlenry s X calculation and the Dynamic Spreadsneel 

I I I I  2 4 4 4  I I 

U-5-66 



RPP-4941 Rev 0 Appendix G 

Author&& Date-&/Oo Checked by JD .&. Date ~,('k,/ 0 0  

Schumpe Schumpa 
gmoles/L (liq ) h (G) KwatedKsalt 

Ammonia 0 105104312 -0 0481 10 9847483 
Hydrogen 2 894E 02 2 810E+01 
Methane 1 032E 02 7 001 E+01 

DCRT 244 u 
Case 5 (Story 1) 

pure water K mol/L(liq) atm "3 
(mol/kgwtr at Henrys K Part P atm 

21 2653246 1 355668887 0 077529486 
7 283E 04 1 815E-05 0 000EMO 
1 044E 03 1 044E-05 0 000E+00 

U-5-67 



RPP-494rRev 0 Appendix G 

Equil NH3 Conc in Vapor Space %NH3,msX) 7 75 % 

DCRT 
~ Case 

Max NH3Conc Based 
on Henrys Law 
Constant 

244 U 
5 (Story 1) 

Time hours 

Variable Variablc 
Delta C Delta C 

T sec NH3mole/m3 %NHJ 
,.-,_r ,.A ,. 

z Variable 
Delta C 

% LFL, NH3 

6461 232605 I 2 921E+001 7 751 49 98150% at 4gpm 

U-5-68 
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Date $/* Checked by- Date I26/& Author& ea 
DCRT 244 U 
Case 5 (Story I) 

Source Tank U-108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

2444  

Correctlon Factor for Scnumpe Model 1 

U-5-69 
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~- 

RPP-4941 Rev 0 Appendix G 

Author-. D a t e J e O  Checked by Ab ?$k Date ( I 2 6 / % 0  

DCRT 244 u 
Case 5 (Story I )  

U-5-70 



DCRT 
Case 

Equil "3 Conc in Vapor Space %NH3(Max, 15 51 

Max NH3Conc Based 
on Henrys Law 

% Constant 

968 
10 9 
132 
166 
41 7 

646 

U-5-71 

34860 5 832E+00 15 47 99 79 
39300 5 839E+00 15 48 99 90 
47640 5 843E+00 15 50 99 97 
59580 5 844E+00 15 50 99 99 
150000 5 844E+00 15 50 99 99 

232605 5 844E+00 15 50 99 99 50% at 4gpm 
Time to fill from 0% to 



IIpp-494-lR- Appendix G 

Checked by \h h Date tL c / , ,  
DCRT 244 U 
Case 5 (Story 1) 

Input Data for Henrys K calculation and the Dynamic Spreadsheet 
2 4 4 4  

Source Tank U 108 
Dilution Ratio 0 1  Correction Factor for Schumpe Model 1 
Receiving Tank 244 U 

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter lunits lvalue 
NH- I v d m  I I 716 

I I 
Tank Characteristics (Receiving Tank) 

Parameter lunits lvalue 
Percent Fill of Receivina Tank I Yo I 50 

U-5-72 
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@P 4941 Rev 0 Appendix G 

Author& e v&. D a t e ( / y 6  Checked by ,&b% Date 1\76/00 

DCRT 244 u 
Case 5 (Story 1) 

Ammonia I I 00420417251 0 0481 1 10 98474831 17 oO2101381 1 083887516 IO 038787904 I 
Hydrogen I I I 3 060E 021 2 590E+01 I 7 267E 041 1 965E 051 0 000E+001 
Methane I I 1 323E 021 6 070E+01 I 9 973E 041 1 151E 051 0 000E+001 

u-5-73 



DCRT 
Case 

Equil NH3 Conc in Vapor Space ohNH3,Max, 

244 U 
5 (Story 1) 

Max NH3Conc Based 
on Henrys Law 

3 66 % Constant 

u-5-74 



RF'P-4941 Rev 0 Appendix G 

Author& e Date ,/,/ 1 Zg 66 Checked by 4.6"1@&&- Date ,126 10. 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 244 U 
Case 5 (Story 1) 

-.. - 
U 108 
01 
244 U 

Correction Factor for Schurnpe Model 1 

Table US10 (Cont'd) U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculation and the Dynamic Spreadsneet 

I I I I  244-1 I I I 

u-5-75 



WP-4941 Rev 0 Appendix G 

Author-&e%!&&-.& D a t e j w d  Checked b y & b k k -  

Ammonia 
Hydrogen 
Methane 

DCRT 244 u 
Case 5 (Story 1) 

Schumpe =hum_pe pure water K mol/L(Lq) atm "3 
gmoles/L (Iiq ) h (G) KwatedKsalt (mol/kgwtr at Henrys K Part P atm 
0 084083449 0 0481 10 9847483 17 0021 01 38 1 08388751 6 0 077575807 

3 060E 02 2 590E+01 7 267E 04 1 965E 05 0 WOE+W 
1 323E 02 6 070E+01 9 973E 04 1 l 5 l E  05 0 000E+00 

U-5-76 



DCRT 
Case 

~ __ 
WP-4941 Rev 0 Appendix G 

Author rge  u- 
244 U 
5 (Story 1) 

u-5-77 



DCRT 
Case 

Source Tank U 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

~ 

RPP 4941 Rev 0 Appendix G 

Author& e. *- Date { / ! b  Checked by&% ,$- Date I (  26 /Oo 

2 4 4 4  

Correction Factor for Schumpe Model 1 

244 U 
5 (Story 1) 

U-5-78 
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RPP-4941 Rev 0 Appendix G 

Author 4 c %A Date (,h$/66 Checked by 

Br 

DCRT 244 u 
Case 5 (Story 1) 

79 916 0 OOOE + 00 0 0269 0 I I 
[Average 

21 28963822 2 064821709 I I 
Mass fractfon water in Iiq 
Liquid denst (k lm3 1400 000 .,. - 
-.:I.- 

. 
- . . . . . 

I Temperature 

I Temperature 

- I deg F 
130 _ _  

u-5-79 



I 

I WP-4941 Rev 0 Appendix G . 
Author& e L Date $/2+ b Checked b d %  h-!--, . Date ( (  26/0 0 

" 
DCRT 
Case 

244 U 
5 (Story 1) 

U-5-80 



DCRT 
Case 

Source Tank u 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

WP-4941 Rev 0 Appendcx G 

%!&+--- 
/ 

A u t h o r d - e  

2 4 4 4  

Correction Factor for Schumpe Model 1 

244 U 
5 (Story 1) 

U-5-8 1 



__ __ 
W P  4941 Rev 0 Appendix G 

Author& e.%!! Date$/!6O Checked by 6 Date \I&/& 
/ 

Mass fraction water in Iiq 
Liquid density (kgh3) 
T (C) 

DCRT 244 u 
Case 5 (Story 1) 

0 50 Temperature 
1400 000 deg F 

60 140 
Temperature 
deg C 

Rn 

I I 21 289638221 1 20648217091 I I I 
I I I I 

water K mol/L(liq) atm 

Ammonia 0033821276 004811 109847483 1368741 0872575248 

ivleinane I 01-c VLI  ~ i o ~ c r O 1  9609E 04 1279E 05 

gmoles/L (Iiq ) h (G) /Kwater/Ksalt (molkgwtr at Henrys K 

a 7 3 7 ~  n?l 7 aa7-01 7 2 8 5 ~  04 2 137E 05 

NH3 
Part P atm 
0038760297 

O000E+00 
o OCOE+OO 

U-5-82 



DCRT 
Case 

- ~- 
RPP-4941 Rev 0 Appendix G 

Author & e %!e&--- Date $}e Checked by Date 1 26/& 

244 U 
5 (Story 1) 

U-5-83 



WP-4941 Rev 9 Appendix G 

Source Tank U 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

DCRT 
Case 

2 4 4 4  

Correction Factor for Schumpe Model 1 

Date !/%6 Checked by l?bL Date I I b / O o  

I I 
Liquid Waste Characteristics (Source Tank) 

Parameter Units Value 
”3 d m l  1153 
Na ’ pdml 242999 
AIt3 Pdml 32900 

244 U 
5 (Story 1) 

I I 
Tank Characteristics (Receiving Tank) 

Parameter Units Value 
Percent Fill of Receiving Tank % 50 
Volume of Vapor Space L 58700 
Length of Waste Fall ft 6 

Fe 
cri3 
Ni” 

pglml 33 Inside Diameter of Receiving Tank ft 1; 
wlml  1280 Flow Rate of Waste gpm 4 
.~g lml  31 Total Pressure in Vapor Space atm 1 

K” I d m l  40101 IVentilation Flow Rate for Receiving Tan6 lcfm I 0 OE 

Br’ 01 [Correction Factor for Schumpe Model 1 
%H?O I % I 50021 I I I 

OH’ IPg/ml 491501 ITotal Vent lat on Flow Rate for Stack I cfm 0 0: 

U-5-84 

Specific Gravity 
Total Organic Carbon 
Cs 137 

unitless 1 4  
gll 8 95 
pCilml 416 



DCRT 244 u 
Case 5 (Story 1) 

IRevision O I N H ~  

U-5-85 



RPPT9TlXZTOqpxdik G 

A u t h o r & c h ! !  Date {/* Checked by a* Date \I& /.a 
244 U 
5 (Story I) 

DCRT 
Case 

U-5-86 



DCRT 
Case 

Source Tank U 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

244 U 
5 (Story I) 

2444  

Correction Factor for Schumpe Model 1 

Liquid Waste Characteristics (Source Tank) 
Parameter /Units lvalue 
NHQ I !dml  I 2305 

Tank Characteristics (Receiving Tank) 
Parameter lunits ]Value 
Percent Fill of Receivina Tank I% I 50 

U-5-87 
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RPP-4941 Rev 0 Appendix G 

Author c&r.- Date {/+ 6 0  Checked by L\% Date&W 

B r '  

DCRT 244 u 
Case 5 (Story 1) 

79916 0000E+00 0 0269 0 

21 28963822 2064821709 
Average 

8 \"I I , 
I I I I I I Temperature 

I I I&" P 

U-5-88 
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Author& e% Date//!!db Checked by 1% & < Date (]?c/m 

DCRT 244 U 
Case 5 (Story 1) 

U-5-89 



WP-4941 Rev-0-Appendix G 

Date I /26,/- - Author&- Date $2s,/ob Checked by&&& 

Source Tank 
Dilution Ratio 
Receiving Tank 

DCRT 244 U 
Case 5 (Story 1) 

-.. - 
U 108 
0 1  Correction Factor for Schumpe Model 1 
244 U 

Table US10 (Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
InpJ Data for Henrys K ca cLlat on and the Dynamic Spreadsheet 

I I I I  744-1 I I I 

Specific Gravity 

Cs 137 
Temperature 

Total Organic Carbon 
unitless 1 4  

pCi/ml 416 
"F 150 

gll a 95 

U-5-90 
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Author& e + Date,#%& Checked by &u + Date b 6 / 1 3 b  

DCRT 244 u 
Case 5 (Story 1) 

U-5-91 



DCRT 
Case 

Equil "3 Conc in Vapor Space %NHJ,Max, 3 86 

A u t h o r b  e&&.,-.- Checked by!% 

Max "3 Conc Based 
on Henrys Law 

% Constant 

244 U 
5 (Story 1) 

538 
827 
968 
109 
117 

19362 1216E+00 3 39 21 89 
29784 1333E+00 3 72 23 96 
34860 1356E+00 3 76 24 41 
39300 1369E+00 3 62 24 63 
A7fiAO 1 ?AlF+nn 3 R5 7 A  RA 

I I Variable I Variable I Variable I I DeltaC I DeltaC 1 D e l b C  I 

.- - 
166 
41 7 

646 

, -- . - - - - -- 
59580 1387E+00 3 87 24 95 
150000 1389E+00 3 67 24 99 

Time to fill from 0% to 
232605 1389E+00 3 a7 24 99 50% at 4gpm 

U-5-92 



DCRT 
Case 

Source Tank U 108 
Dilution Ratio 0 1  

WT-4941 Rev OAppendix G 

2 4 4 4  

Correction Factor for Schumpe Model 1 

I 

"3 Ipgglmi 

244 U 
5 (Story 1) 

9341 IPercent Fill of Receiving Tank I O h  50 
Na" Imnl I 2429991 IVolume of Vapor Space IL 

I I i i  I I 
Liquid Waste Characteristics (Source Tank) 1 I Tank Characteristics (Receiving Tank) 

Parameter lunits . .  lvatue I lparameter lunits lvaiue 

58700 
 AI*^ 
Fe*' 
cri3 
N P 

mnl 32900 Length of Waste Fall ft 6 
@mi 33 Inside Diameter of Receiving Tank ft 12 
wlml 1280 Flow Rate of Waste gpm 4 
wlml 31 Total Pressure in Vapor Space atm 1 

K+l Iwlml 

u-5-93 

40101 /Ventilation Flow Rate for Receiving Tank lcfm 0 05 
OH Ipg/ml 491501 ITotal Ventilation Flow Rate for Stack lcfm 0 05 



DCRT , 
Case 

I 
Mass fraction water in Iiq 
Liquid density (kg/m3) 

RF’F49xRev 0 Appendix G 

Author.& c %-. Date ,/ /G  73b Checked by Date ,!2./& 
4 

0 50 
1400 000 

244 u 
5 (Story 1) 

ISourceTank IU 108 /INPUT DATA IDate 1 3653858406 

I I I 
I 21  289638221 1 2064821708 

I I I I 

I I I I 

om Weisenl 

as 

nmonia 
(drogen 
ethane 

UL 10785 
rre wafer K 
iol/kgwir at 
1 09126307 
7 338E 04 
9 331 E 04 

vision 

rger 8 Schur 

0 
0 

0 299 
-0 524 

9es) 

(G 0) I 

I 

I 
IAverage 

u-5-94 



DCRT 
Case 

Equil "3 Conc in Vapor Space 

WP-4941 Rev 0 Appendix G 

on Henrys Law 
%NHS,Max, 7 76 % Constant 

Author& Date;/*a Checked by h%k.-- Date 02 6,l& 

244 U 
5 (Story 1) 

Table U5-10 (Cont'd) U-I08 Ammonia Calculations for Shumpe Worst Case (99 pages) 
I I I I I 

lMax NH3Conc Based 

1 

I I Variable I Variable I Variable I 
I neita c I ndta c I ndts c I 

u-5-95 
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Author& e %!&!a,--- Date $/+bo Checked by hb &.&. Date&m 

2444  
Source Tank U 108 
Dilution Ratio 0 1  Correction Factor for Schumpe Model 1 
Receiving Tank 244 U 

~- 
- 

DCRT 244 U 
Case 5 (Story I) 

~ 

Specific Gravity unitless 
Total Organic Carbon g/l 
cs-I 37 pCtlml 
Temperature OF 

1 4  
8 95 
416 
150 

U-5-96 
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Author&e,%- Date </ !& Checked by* ,. Date \ [ 2 h / 8 b  

DCRT 244 u 
Case 5 (Story 1) 

u-5-97 



DCRT 
Case 

244 U 
5 (Story I) 

U-5-98 



DCRT 
Case 

Source Tank u 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

244 U 
5 (Story 1) 

2 4 4 4  

Correction Factor for Schumpe Model 1 

u-5-99 



RPP-4941 Rev 0 Appendix G 

Author&- 

DCRT 244 u 
Case 5 (Story 1) 

U-5-100 



DCRT 
Case 

Equil "3 Conc in Vapor Space 

~- 
WP-4941 Rev 0 Appendix G 

Author &'e Date{/%O Checked by& Date , , k 6 / h o  

Max "3 Conc Based 
on Henrys Law 

%NHJ,Max, 3 88 % Constant 

244 U 
5 (Story 1) 

u-5-101 



DCRT 
Case 

Source Tank U-108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

WE4941 Rev 9 Appendix G 

Author4  Date $/+d Checked by&$$- . Date i,/& /O  b 

2444  

Correction Factor for Schumpe Model 1 

244 U 
5 (Story 1) 

I I I I 

U-5-102 
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A u t h o r s e  g k  Date//+ Checked b Date 

DCRT 244 u 
Case 5 (Story 1) 

U-5-103 



DCRT 
Case 

Equil NH3 Conc in Vapor Space %NH3,~ax) 7 76 % 

Author&<-- Date / ,/ 2 f 00 Checked by 

Max NH3Conc Based 
on Henrys Law 
Constant 

244 U 
5 (Story I) 

U-5-104 



RPP-4941 Rev 0 Appendix G 

AuthordP e.&&,--- D a t e e h  Checked by&%& Date l,k%,/Oo 

Source Tank U 108 
Dilution Ratio 0 1  
Receiving tank 244 U 

DCRT 244 U 
Case 5 (Story 1) 

244-U 

Correction Factor for Schumpe Model 1 

U-5 - 105 



WP-4941 Rev 0 Appendix G 

Author & % ! !  Date(/!@ Checked by&+ Date ,/&l$b 

DCRT 244 u 
Case 5 (Story I) 

Mass fraction water on iq I 0 501 I I I I ITemperature 
-.quid density (~g/m3) __ _- ldeg FA- 
T IC1 I 7 1  ! i Fin 

u-5-106 



DCRT 
Case 

Equil “3 Conc in Vapor Space %NHJ(Max, 15 52 

RPP-4941 Rev 0 Appendix G 

Author#. Date?/+& Checked by e&- Date 1!26!,~ 

Max NH3Conc Based 
on Henrys Law 

% Constant 

244 U 
5 (Story 1) 

U-5-107 
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Date : /2f /dO Checked by ++ Date I !%/& A u t h o r A C  

Source Tank U 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

DCRT 244 U 
Case 5 (Story 1) 

2 4 4 4  

Correction Factor for Schumpe Model 1 

NO2 ' 
co3 
pod 
SO" 

wlml 130000 Temperature of Air in Vapor Space OF 171 8 
PgIml 22000 Stream Diameter inches 1 
wlml 3126 Tortuosity Factor unitless 1 
mlml  4230 Initial Concentration of NH? in the Vapor Phase molelm' 0 

F '  
CI ' 
LI" 
Br' 
%H20 

wlml 790 Surface Area of Still Waste m' 39 02 
d m l  8940 Fumigation Divisor at 100 meters unitless 1 
pglml 0 Non Fumigation Divisor at 100 meters unitless 1 
d m l  0 Correction Factor for Schumpe Model unitless 1 
% 50 02 

U-5-108 

Specific Gravity 
Total Organic Carbon 
Cs 137 
Temperature 

unitless 1 4  - 
g/l 8 95 
pCilml 416 
OF 170 



DCRT 244 u 
case 5 (Story 1) 

U-5- 109 



DCRT 
Case 

Equil "3 Conc in Vapor Space %NH3,Max, 3 87 % 

-RPP;494 l-RedWiipmidix G 

Date{/!$/66 Checked by ;9 R& Date \(a ,/&I&. 

Max NH3Conc Based 
on Henrys Law 
Constant 

244 U 
5 (Story 1) 

6461 232605 1 1343Ec001 3 871 24 95150% at 4gpm 

U-5-110 
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A u t h o r s  e 

Source Tank U 108 
Dilution Ratio 0 1  
Receiving Tank 244 U 

DCRT 244 U 
Case 5 (Story 1) 

2 4 4 4  

Correction Factor for Schumpe Model 1 

U-5-111 
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Author & e f l d  Date $/? Checked by &% kbL Date t)26,/@0 

Ammonia 
Hydrogen 
Methane 

DCRT 244 u 
Case 6 (Story 1) 

Schumpe Schumpe pure water K rnol/L(liq) abn NH3 
gmoles/L (Itq ) h (G) KwatedKsalt (rnol/kgwtr at Henrys K Part P atm 
0 036698433 0 0481 10 9847483 7 417920838 0 472894004 0 077603929 

3 725E 02 1 870E+01 7 536E 04 2 822E 05 0 0WE+00 
2 487E 02 3 430E+01 8 985E 04 1 834E 05 0 0WE+00 

U-5-112 



DCRT 
Case 

Equil NH3 Conc in Vapor Space 

RPP~49WR~v-O?iieid1x G 

Author& &, 2 + Date% 

Max NH3Conc Based 
on Henrys Law 

%NHalmax) 7 76 % Constant 

244 U 
5 (Story 1) 

U-5-113 



DCRT 244 U 
Case 5 (Story I) 

Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages) 
Input Data for Henrys K calculat on and the Dynamic Spreadsheet 

I I I I  344-1 I I I 

Receiving Tank 1244 U I I I  I I 
I 

U-5-114 
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A u t h o r & e f -  Date/!;z </oDChecked by 'Fg 6 Date [12@hd 
DCRT 244 u 
Case 5 (Story 1) 

I 

Mass fraction water in Iiq 0 501 I I I I ITemperature 
ldeg F 
I 

Liquid density (kg/m3) I 14000001 

U-5-115 
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Case 

Equil “3 Conc in Vapor Space %NHJfMax) 15 52 % 

244 U 
5 (Story I) 

Max NH3Conc Based 
on Henrys Law 
Constant 

U-5-116 



RPP-4941 Rev 0 Appendix G 

244-U-DCRT 

CASE 6 

u-6 1 



RPP 4941 Rev 0 Appendix G 

Author& e h-. Date 1,/26/6.0 Checked by 

SUMMARY 
DCRT 2444 Calculabons based on tank 241-U-106 
CASE 6 -the inlbal condlbon of the tank is 0% full 

-this model calculates the remainder untd fill IS hlt at 80% full 
wlth pumping rate inlbally of 4 gpm to 40% full 
- immediate change in pumping rate of 4 gpm wth no chance 
to come to steady state H2 concentrabon 

INPUT SUMMARY: 
General Data 

DCRT Venblabon Rate 

Saltwell Waste Specific G r a m  p = 1 350 

wastepower = 0 000 - 
A sec3 

volm = 0 OOOA 

mole ~ = 3 0 0 0 -  Nltrate Concentrabon NO, = 3 760 - A3 

hr hter 

mole Nltnte Concentrabon N0,=2020- 
liter Ib Radiolybc Power of Waste 

lnlbal DCRT H2 Inventory 

H2 Inventory Based on CGMV flag, = no gm 

mole 
3 Aluminum Concentrabon Al=0420- 

llter 0 

TOC Concentrabon 

Ammonia Concentrabon 

Methane Concentrabon 

TOC = 37 470- 
llter 

CGM Measurement 

DCRT Waste Temperature 

con~m-cmo = 0 000 %LFL 

T = 300 950K 
"3 = 0 000 %LFL, 

CH, = 0 000 %LFLm., 

Penod 1 

Inhal Flow Rate Time Pumped at lnltal Flow Rate tune = 52 ooohr flow = 4 000- gal 
rmn 

5 mole tvolmt Hydrogen Carryover Rate gr,,,, = 3 297 x 10- - Inlbal Fill Factor - = o 000% 
llter mol 

fi3 
or gw1= 0026- 

hr 

Penod 2 

Time Pumped at Second Flow Rate 

lnbal Fill Factor 

lun2 = 52 OOOhr Second Flow Rate flow, = 4 000- gal 
mm 

~ O L U U  - = 40 240% 
fi3 
hr tvol 

Hydrogen Carryover Rate gmI2 = 0 026- 

U-106 to 244-U-H2 case 6-hf mcd 

U-6-2 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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Author d9 c Date !/a$/- Checked by & Date l ( 2 , k ’ a  

OUTPUT SUMMARY 
Penod 1 

M a l  Flow Rate gal flow = 4 000- 
rmn Time Pumped at lnltal Flow Rate tune = 52 Oooh 

lnrbal Fill Factor - - - 0000% Final Fill Factor B = 4 0 2 4 0 %  
tvolmt 
tvol 

lnlbal Fill Volume molmt = 0 gal Final Fill Volume Ev = 12480 gal 

M a l  H2 Concentrabon (%LFL) lh2c = 0 000% 

Final H2 Concentrabon (%LFL) fhzc = 1 223 % 

Ulbmate (ss) H2 Concentrabon (%LFL) m c l =  6 359% 

U4mate (ss) Flammable Gas Concentrabon (%LFL) 

Final Flammable Gas Concentrabon (%LFL) ffgc = 1 223% 

uhfgcl = 6 359% 

Penod 2 
gal Second Flow Rate flowz = 4 ooo- Time Pumped at Second Flow Rate lUn2 = 52 ooohr rmn 

lnrbal Fill Factor Final Fill Factor B2=80479% 

Inhal Fill Volume tvol,,,,, = 12480 gal Final Fill Volume f i 2  = 24960 gal 

lnrbal H2 Concentrabon (%LFL) 

Final H2 Concentrabon (%LFL) 

lh2c2 = 1 223 % 

M c 2  = 4 148% Final Flammable Gas Concentrabon ffgc2 = 4 148% 

Ulbmate (ss) H2 Concentrabon (%LFL) Ulbmate (ss) Flammable Gas Concentrabon (%LFL) 

W c 2 =  10720% uhfgc2 = 10720% 

Mmmum %LFL M h  Loss of Venblabon 

Time to Reach 25% LFL M h  Loss of Venblabon Tm% 25yLm = 16 412 day 

Time to Reach 50% LFL with Loss of Venblabon TUIIQ 5oAm = 48 7S2day 

Time to Reach 100% LFL vvlth Loss of Venblabon Tm% 

LFL~~-~, , , , , ,~  = 196 139% 

- 

- 
= 134 so9 day - 

U-106 to 244-U-H2 case 6-hf mcd 

U-6-3 

Process Engineenng 
CH2M HILL 

Mathcad V2000t 
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244-U-DCRT 

CASE 7 

U-7-1 



Author& %!A  ate t,/26,/00 Checked by +"- Date 126 OJ 

RPP-4941 Rev 0 Appendix 0 

Determination of Headspace Gas SA Barker 

Concentration in a Vertically Oriented DCRT... 
I m u t  Data 

DCRT 244-U Modified for 244-U DCRT Vault Case 
CASE 

DCRT for model Wetted surface area set E%#%< at1302sq R 

wenblahon rate of 3 cfh) Use Verbcal Input diameter of DCRT (d) 

Input length of DCRT (L) 

& 
Input rate at which the DCRT fills (flow) (minimum should be a touch gereater than 0, I e 1x104) 

-- - 8021 x -9 3 1 flow flow=2228x 10 ft s e ~  

Higher Input flow rate 

-9 3 1 flow, -- - 8021 x flow,= 2228x 10 ft sec 

Calculate total DCRT volume (tvol) (:) 
2 

tvol = L n  (;) Assume DCRT has flat ends 

tvol = 11363 fi3 
Volume of fill at start of pumping 

Time at start of pumping rate 2 (MUST be an INTEGER) 

"*hi?& 
&%&A* ; 

#@q+&%W& 

Time at  pumping rate 2 

B '8 $*m? 
Volume of fill at start of pumping rate 2 

tvol, = tvol, + tune flow tvol,= 3318rt3 

Vault-U-IO3 to 244 U DCRT hf mcd 

U-7-2 

Process Engineering 
CHZM HILL 

Mathcad v2000+ 
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volm = flag, = ''yesn , (mol - tvol,,) ,volm] 
0 14 0 

volm = 0 0 0 0 f i ~  <==== M a l  volume of H2 in Headspace 
0 

Input Ammonia concentration 

Input Methane Concentration 

End of Inmt Secbon 

Caleulahons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol(t) = mol- flow t - tv01,t hvol(1lm) = 8 045 x lo3$ 

Wetted area of full DCRT (honzontal onentation) (ftz) 

Wetted area of vertically onented DCRT (ft*) 

flow t + tvol, 2 4 (flow t + tvol,,) 
d 

Awet(t) = 1302 fi' 

Wetted area of full DCRT (vertical onentation) (ft2) Awet(h) = 1 302 x 103fi2 

Awet(0 hr) = 1 302 x lo3$ 

Awet(1 hr) = 1 302 x 103fi2 

Check the answers 

Awet(1lm) = 1 302 x 103fi2 

Vault-U-IO3 to 2 4 4 4  DCRT-hf mcd 

u-7-3 

Process Engineering 
CHZM HILL 

Mathcad v2000+ 
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Author08 c &&+..A Date l,/.i2YOO Checked by &>-xaL Date 1 IOU 
Calculabons: 
Calculate DCRT headspace volume (hvol, a function of time) 

hvol2(t1me) = tvol - flow2 tune - tvolmol,, hv012(h2) = 8 045 x lde3 IEqn 41 

Wetted area of vertically oriented DCRT (ft2) 

Awet(tt2) = 1302 2 

Wetted area of full DCRT (vertical onentation) (ft2)Awet(h2) = 1 302 x Id$ 

Awet(0 hr) = 1 302 x lo3$ 

Awet(1 hr) = 1 302 x 103fi2 

Awet(lun2) = 1302 OOOg 

Check the answers 

Average charactenzations for NO,, NO,, AI, TOC (molar, molar, molar, gramshiter) 

TOC - 3020 - Al -1200  - -- - 12781 No, -- -3180  -- No, 

(mole) - (mole) - (mole\ - f . 4  

Vault-U-IO3 to 244 U DCRT-hf mcd 

u-7-4 

Process Engineenng 
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Author &C,&&-.- Date I,/;Ef/OO Checked by \I\ Date \ 12b/oo 
/ 0 

SUMMARY: 
DCRT 2444  Modified for 2444  DCRT Vault Case 
CASE 7 

DCRT for model Welted surface area set 
at 1302 sq ft 

(Venblabon rate of 3 cfh) Use Verbcal 

INPUT SUMMARY 
General Data 

mole 
DCRT Venblabon Rate ~r=3000- Nitrate Concentrabon NO3 = 3 180- 

hr llter 

mole NO2 = 3 020- 

t? 

Saltwell Waste Specific Gravlty p = 1 410 
Nltnte Concentrabon 

Ib ltter Radiolvbc Power of Waste W ~ S ~ L W O W ~ I  = 1 481 - 
mole 

Aluminum Concentrabon Al= 1200- 
fi sec3 

M a l  DCRT H2 Inventory vo~Hz 0 = 0000fi3 llter 

gm TOC = 12 781 - 
llter 

TOC Concentrabon H2 Inventory Based on CGM7 

CGM Measurement 

flag,, = no' 

con~m-c,o = 0 000 %LFL 
Ammonia Concentrabon 

Methane Concentrabon 

N H 3  = 14 850 YOLFL,, 

CH, = 0 000 %LFL, DCRT Waste Temperature T=304250K 

Penod 1 

Inibal Flow Rate flow = 1 000 x 10- - Time Pumped at lnltal Flow Rate tune = 1 ooohr 6 gal 
mm 

mole 
Hydrogen Carryover Rate gm,-molar = 0 000- 

llter 
- 29 200 % Inibal Fill Factor - - ~ 0 1 ,  

tvol 

Penod 2 

Second Flow Rate flow, = 1 000 x 10- - 

gmlZ = 0 OOO- hr 

6 gal 
mm 

fi3 
Hydrogen Carryover Rate 

Time pumped at Second flow rate lun2 = 

= 29200% tvOLld2 lnibal Fill Factor - 
tvol 

U 

Vault-U 103 to 244-U DCRT-hf mcd 
Process Engineering 

CH2M HILL 
Mathcad v2000+ 
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OUTPUT SUMMARY- 
Penod 1 

M a l  Flow Rate flow = 1 000 x 10 - Time Pumped at lnltal Flow Rate tune = 1 OOOhr -6 gal 
rmn 

29 200 % Final Fill Factor B = 2 9 2 0 0 %  tvolmt 
tvol 

lnlbal Fill Factor - = 

Inha1 Fill Volume tvolmt = 24820 gal Final Fill Volume f€v = 24820 gal 

lnlbal H2 Concentrabon (%LFL) h2c = 0 000% 

Final H2 Concentrabon (O~LFL) &2c = 4 794 x Final Flammable Gas Concentrabon (%LFL) ffgc = 14 855% 

Ulbmate (ss) H2 Concentrabon (%LFL) uhbZcl = 12 791 % 

Ulbmate (ss) Flammable Gas Concentrabon (%LFL) uhfgcl = 27 641 % 

Penod 2 

Second Flow Rate flow, = 1 000 x 10 - 

lndal Fill Factor 

Time pumped at Second Flow Rate l d  = 1 OOOhr -6 gal 
m 

Final Fill Factor E? = 29 200% @ O L t 2  - = 29 200% 
tvol 

Indal Fill Volume tvolmt2 = 24820 gal Final Fill Volume f3.Q = 24820 gal 

M a l  H2 Concentrabon (%LFL) h2c2 = 4 794 x % 

Final H2 Concentrabon (%LFL) 

Ulbmate (ss) H2 Concentrabon (%LFL) uhh2c2 = 12 791 % 

Ulbmate (ss) Flammable Gas Concentfabon (%LFL) 

Maxlmum %LFL wth Loss of Venblabon 

Time to Reach 25% LFL wth Loss of Venblabon 

W c 2  = 9 585 x Final Flammable Gas Concentrabon (%LFL) ffgc2 = 14 860% 

uhfgc2 = 27 641 % 

LFLmt-hhg = 27 539 % 

Tm% 25/m = 0 OOOday 
8 Time to Reach 50% LFL wth Loss of Venblabon 5o/Lm = 10 000 x 10 day 

Time to Reach 100% LFLwth Loss of Venblabon Tm~-,oo,,, = 10 000 x 108day 

Vault-U-IO3 to 244-U DCRT-hf mcd 

U-7-6 
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