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10 PURPOSE

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

20 METHODOLOGY

This methodology 1s used to determine the maximum levels of ammonia, hydrogen, and methane
that could be expected 1n the vapor space of a DCRT The methodology addresses the periods
during and after the DCRT 1s filled to 1ts operational fill limit with hiquid waste from one or more
SSTs Henry’s Law constants, which are calculated based on several empirical models for the
solubility of gases 1n 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 hqud waste 1n
DCRTs 18 considered The sources of hydrogen generation include radiolysis, thermal
degradation of orgamic 1n the waste, and DCRT corrosion Ammmonia release to a DCRT’s vapor
space during and after the saltwell pumpmng of one or more SSTs 1s also calculated

21 CALCULATION OF HENRY'S LAW CONSTANTS FOR AMMONIA,
HYDROGEN, AND METHANE IN SINGLE-SHELL TANK LIQUID WASTES

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

X =Kyp (1)

where p 1s the partial pressure of a particular gas expressed in atmospheres, Ky 15 the Henry's
Law constant for that gas, and X 1s the concentration of that gas in the aqueous solution The
Henry's Law constant for a gas depends on several variables, including temperature and the
concentrations of the various 1ons 1n solution

Of the models reviewed 1n Shekarnz et al (1997), the Schumpe model (Schumpe 1993) gave the
best agreement with experimental values from saturated waste The Schumpe model is given by
Equation 2
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where Cgo and Cg denotes the gas solubility of gas G 1n pure water and 1n a salt solution,
respectively, Ky g (water) and Ky g (solution) are Henry’s Law constants for soluble gas G mn
pure water and salt solutions, h, and hg are the 10n and gas specific coefficients, and ¢, (mole/L)
15 the concentration of 10n “1” 1n the salt solution The gas-specific constant, hg, 1s assumed to be
a lmear function of temperature

=>" (h+he)

3

water
log(cGo/cG)=log[ Ko (Water) ]

K1 ¢ (solution)

where hg ¢ 15 the reference value, and hr 1s the temperature-specific coefficient

Values of hg o and ht for ammoma, hydrogen, and methane are given in Table 2-1

Table 2-1 Values of hg o and hy'

L L

Gas b, mole °K has, mole
Ammonia 0* -0 0481
Hydrogen -299 E-4 -0 0218
Methane -524 E-4 00022

'Weisenberger and Schumpe (1996)

* hr for ammonia 15 set equal to zero (Shekarnz et al 1997) smce an experimentally determined
value 1s not available For temperatures greater than 25°C if hy were also negative lower vapor
pressures would be predicted Therefore setting hy equal to zero 1s more conservative since
higher ammonta vapor pressures would result

The terms Y.c, and ¥ hc, are calculated using ion concentrations obtamed from a variety of
sources, mcluding the best basis data and tank characterization data and assumptions based on
similar waste types The values for the 1on-specific constants h, are presented 1n Table 2-2

The vanous Henry's Law constants, Ky g(solution), for each tank waste solution are obtamned by
dividing the appropriate temperature dependent value of Ky g(water) calculated with one of the
following equations (Equations 5, 6, or 7) by 1ts corresponding Schumpe ratio of

Ku g(water)/Ky g(solution) Defimtions 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 1n Appendix A An example of the
spreadsheet, which 1s used to calculate Henry s Law constants, 1s given m Appendix D An
alternate method for calculating ammonia concentration in a DCRT vapor space, for higher
ventilation rates (generally > 1 cfim) 1s given in Appendix B This model uses mass transfer

(2)
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coefficients, which limut the rate of ammomnia transferred from the liquid waste surfaces m a
DCRT to 1ts vapor space Examples of thus spreadsheet are given in Appendix C

Table 2-2 Values of h,!

Ton b, mI(;le
Na ™! 01143
AlP 02174
Fe " 01161
Cr*? 0 0648
N1 2 01654
K 00922
OH ' 0 0839

NO; 00128
NO, ! 0 0795
CO; ? 01423
PO, * 02119
80, 2 01117

F'! 0 0920
cl! 00318
Lt 00754
Br ! 0 0269

"Weisenberger 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) m solution, to a basis of moles per volume of
solution The conversion 1s accomphished by calcnlating

K, L hiqud wastebasis= (Ky , kg waterbasis) p, @, (4)

where © 1s the weight fraction of water 1 the solution and pr. 1s the solution density
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Equations for Henry’s Law constants are reported for vartous gases including ammonia,
hydrogen, and methane i water (Norton and Pederson 1995) The equation and 1ts source for
each gas at 1 atmosphere 1 equilibrium with water 1s given below The equation for methane 1s
correctly reported m Shekarriz et al (1997)

Ammonia (Clegg and Brimblecombe 1989)

Ky nus [mole/kg water-atm] = exp[-8 0964 + 3917 50/T - 0 00314 x T], T=°K (5)
Hydrogen (Young 1981)
Kz [mole/kg water-atm] = exp[ 121 922+ 552845/ T+ 168893 x InT], T="K (6)

Methane (Clever and Young 1987)

Ky caa [molerkg water atm] = exp[ 412 1421 + 15557 56/ T+ 65 2553 x In T- 0 06167 x T, T="K  (7)

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

Liquid from various SSTs 1s saltwell pumped to their respective DCRTs The following
methodology 1s used to calculate the maximum concentrations of methane, ammonia, and
hydrogen that can be expected n the vapor space of a DCRT durmg and after a tank 1s filled to
1ts operational fill hmit Table 2- 3 gives the dimensions and orientations of the two sizes of
DCRTs to be used to stage saltwell pumping liquid waste from SSTs

Table 2-3 Double-Contained Recewver Tank Characteristics

Diameter Height/Length Total Volume

DCRT () (m) (f6) (m) Orientation (ft3) (m3)
S 15 457 155 472 Vertical 2712 76 8
BX, TX, U 12 366 35 10 67 Horizontal 4146 1174
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Methane

The mole % or volume % of methane 1n the vapor space of a DCRT 1s calculated assuming
conservattvely that all of the methane dissolved 1n the liquid waste enterig the DCRT 1s
released 1nstantaneously to a fixed vapor space of 20% of the volume of the DCRT Thisisa
sunplistic approach, but since the methane contribution to the vapor flammability 1s smali, thus
approach 1s adequate for these calculations The concentration of the methane 1n the feed liqud
waste entering a DCRT 1s obtained by multiplying the calculated Henry’s Law constant for
methane 1n the waste solution by 1ts partial pressure The partial pressure of methane 1s
calculated by assuming that 5% of the trapped gas in a hquid waste 1s methane and that 65% 1s
hydrogen The remaimng 30% 1s assumed to be nonflammable gases These are reasonable
median values for the gas retained in high-solids layers (Peurrung 1998) However, 1f SST
specific measured data are available, they should be used The total pressure of the gas in the
waste of a particular tank 1s obtamed from Hodgson et al (1997) This pressure 1s based on the
assumption that the average gas location 1s 22 5% of the height of wet solids from the bottom of
the waste tank (Hopkins 1996) Therefore, unless tank specific data exist, 5% of the total
pressure 1s attnibuted to methane and 65% of the total pressure 1s attributed to hydrogen The
time to maximum methane concentration 1s the fill time of a DCRT from empty to approximately
80% full The % lower flammability lirmt (LFL) contribution from methane 1s obtained by
dividing the calculated vapor space percent methane by 5 0% (100% LFL for methane [CRC
Press (1973)]) and multiplymg by 100%

Feed to DCRT =4 gpm =15 14 ¢/mm
Assume all CHj 1s released to dome space at 1 atm and 25 °C
Assumed ventilation rate, Vr = 3 ¢fh x (1 hr/60 min ) = 0 050 cfin

For 1deal gas behavior,

v==_ RT , where V 1s a volumetric flow rate and » 1s a molar flow rate (&)
atm — ¢
0082056 ——
1514 ¢ o 3
V =Gr=X i mole="K | (398 7 oK )| —L ©
min 1 atm 2832¢
where,

Gr = volumetric addition rate of dissolved methane entering a DCRT in liquid waste
expressed as a gas flow rate (cfim) at 1 atm and 25 °C and where X = molar
concentration of methane 1n the liquid waste, as calculated by Equation 1 Therefore, this
equation 1s reduced to
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Gr = 13081 x X (cfm) (10)

The percent methane (CH,) 1s calculated as a function of time as a DCRT 1s filled Equation 11
1s used (Estey 1997) for this calculation

Gr [1 _oler Vr)%lum)])

1002 11
Gr+ Vr ( A)) (1)

% CH, =

where,
CH, = mole percent methane m a DCRT vapor space as a function of time

Gr = volumetric flow rate of methane mto a DCRT vapor space from the liquid waste
entering the DCRT

Vr = ventilation rate of a DCRT vapor space
Volume = vapor space mn a DCRT at end of filling with iquid waste
t = time from beginning of liquud waste pumping mnto 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 ¢fm), the mole % or volume % of ammonia mn the vapor space of a
DCRT 1s calculated assuming that the partial pressure or concentration 1n the vapor space 1s
always in equilibrium with the concentration 1n the liquid waste phase This 1s obtained by
dividing the concentration of ammonia m the liquid waste by the appropriate Henry's Law
constant for ammmonia (See Henry's Law discussion earlier in this report ) The % LFL
contribution from ammeonia 1s obtained by dividing the calculated vapor space percent ammonia
by 15 5% (100% LFL for ammomnia [CRC Press 1973]) and multiplying by 100%

However, a more accurate model may be used to predict the ammonia concentration 1n 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 cfi exhaust ventilation
rate) The derivation of this model 1s given 1n Appendix B
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Hydrogen

The mole % or volume % of hydrogen in the vapor space of a DCRT 1s calculated based on the
assumption that all of the hydrogen dissolved 1n the liquid waste entermng the DCRT and all of
the hydrogen generated m the DCRT are released instantaneously to a varnable vapor space,
which for the base case, varies from 100% to approximately 20% of the volume of the DCRT as
the tank 1s filled from empty to approximately 80% full The concentration of the hydrogen n
the feed liquid waste entering a DCRT 1s obtained by multiplying the calculated Henry’s Law
constant for hydrogen m the waste solution by 1its partial pressure as given in Equation 1 The
partial pressure of hydrogen 1s calculated by assuming that 65% of the trapped gas i a liquid
waste 1s hydrogen and that 5% of 1t 1s methane (Perrung et al 1998) The remamnming 30% 1s
assumed to be nonflammable gases The total pressure of the gas in the waste of a particular
tank 1s obtained from Hodgson et al (1997) Thus pressure 1s based on the assumption that the
average gas location 1s 22 5% of the height of wet solids from the bottom of the waste tank
(Hopkins 1996) Therefore, 5% of the total pressure 1s attributed to methane, and 65% of the
total pressure 1s attributed to hydrogen

The calculation of DCRT headspace hydrogen volumes and concentrations are based upon a
numerical analysis technique for the solutron of mitial value ordinary (1 e, only one independent
variable) differential equations The independent variable 1s time The technique used 1s a
differential equation solver provided 1n the Professional Edition of Mathcad”™ software The
baseline modeled situation 1s that an empty DCRT begins to fill at 4 gpm until the tank 1s
approximately 80% full (See Appendices D and E) The DCRT 1s provided with a positive
ventilation of about 3 to 5 cfh The waste being added to the DCRT carnes with 1t dissolved
hydrogen which 1s immediately released upon entering the tank Additionally, the inventory of
waste 1 the DCRT generates hydrogen due to radiolysis, chemical reactions, and corrosion of
the wetted DCRT surfaces The hydrogen generation rate equations used 1n this analysis are
provided by the models documented in Hu (1999) The dissolved hydrogen concentrations 1n the
waste are calculated usimg the calculated Henry’s Law constants discussed earlier and the
Henry’s Law expression as given in Equation 1

The basic ventilation model assumes 1nstantaneous 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 1n the tank
headspace 1s proportional to the amount of hydrogen present in the tank headspace and can be
expressed as a first order ordinary differential equation

d(H; volume)/dt = k; - (ko/k3} x (Hz volume) (12)

where,

k; = H; generation rate
ks = tank exhaust rate (tank ventilation rate + k;)
ks = tank headspace volume

! Mathcad® 1s a registered trademark of MathSoft Inc Cambridge Massachusetts
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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 1s 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 1n time

The situation modeled 1n 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 1s written

d(H, volume)/dt = £(t) - [£(t)/f5(t)] x (H: volume) (13)
where,

fi(t) = H; generation rate
f2(t) = tank exhaust rate [tank ventilation rate + liquid volume addition rate + fi(t)]
f5(t) = tank headspace volume

In this analysis, the units of the independent variable t are hours The time period of interest 1s
zero hours to the time at which the DCRT 158 80% full at the given DCRT fill rate The solution
evaluates the value of fi(t) at a given tume step usmg the hydrogen generation models and
mcluding the dissolved hydrogen release rate associated with the DCRT fill rate  The functions
f>(t) and f3(t) are calculated as the fill rate continually reduces the volume of the DCRT
headspace The differential equation solver 1s then used to estimate the volume of H, m the
DCRT headspace at the time of mterest and the corresponding value of d(H; volume)/dt 1s
calculated by substituting these results mnto the differential equation

The time to the first maxmmum hydrogen concentration 1s the time 1t takes to fill a DCRT from
empty to approximately 80% full A second, steady-state maximum may be reached later 1f the
rate of generation of hydrogen within the DCRT 1s sufficiently high The % LFL contribution
from hydrogen 1s obtamed by dividing the calculated vapor space percent hydrogen by 4%
(100% LFL for hydrogen [CRC Press 1973]) and multiplying by 100% Examples of these
calculations for vertical and honizontal tanks are given in Appendix E

Total Percent I.ower Flammability Limit from Ammeonia, Methane, and Hydrogen n
Double-Contained Receiver Tank Vapor Space The total vapor space % LFL 1s obtained by
adding the respective % LFL contributions of methane, ammona, and hydrogen However, the

total vapor space % LFL for the steady state case results from considering only the steady-state
ammonia concentration 1n the vapor space, the hydrogen generation within the DCRT, and the
ventilation rate  Methane generation within the DCRT 1s assumed to be small and 1s, therefore,
not considered Examples of these calculations are given in Appendix E
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Time to 25%. 50%, 100%. and 200% of I.ower Flammable Lot After I.oss of Active
Ventilation The times to reach 25%, 50%, 100%, and 200% LFL assuming only barometric

breathing may also be calculated Equation 8 from Hu (1997) 1s to be used to make these
calculations The total % LFL 1s the sum of the hydrogen %LFL and ammonia % LFL for
steady-state calculations The total % LFL at end of fill 1s 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 1n these calculations 1s
the greatest value calculated during or after a DCRT 1s filled

30 ASSUMPTIONS

Sample calculations given in this document present expected maximum concentrations of
flammable gases in a DCRT based on a scenario 1n which liquid wastes are transferred from SST
to an empty DCRT However, other scenar1os can be addressed using these same models These
include saltwell pumping of multiple SSTs to a simgle DCRT which has an initial heel of waste
The mutial heel of waste gives an 1nitial flammable mixture 1n 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 1s a part of waste being saltwell pumped,
calculations can be made using the defined models to predict changes m flammable gas levels 1n
a DCRT’s vapor space on loss of dilution water If multiple tanks are to be stmultaneously
saltwell pumped to the same DCRT, several approaches may be used in applying the models
described herein For example, 1f the feed streams fluctuate 1n flow rate, worst case scenarios
can be modeled to create an umbrella of acceptable saltwell pumpimg The models presented 1n
this document can also be applied to non DCRT tank transfers of wastes The base case
assumpfions are

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

2 Smce hydrogen and methane are very mnsoluble, 1t 1s 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 1s considered
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3 The DCRT ventilation rate from bubbler flow 1s 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  Thus 1s 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 cfh

4 Since ammonia 1s a soluble gas, 1t 15 not reasonable to assume that 100% of the ammonua
1s released Therefore, for ventilation rates less than 1 cfin, 1t assumed the DCRT vapor
space 1s to continuously have a concentration of ammomia which 1s 1n equilibrium with
the ammonia 1n the hquid waste entering the DCRT However, a dynamic model,
presented mn Appendix B, may be used for higher ventilation rates, e g, > 1 cfim Thus
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 1s the sum of the individual % LFL
contributions of hydrogen, methane, and ammonia These are the significant flammable
gases 1n SSTs

6 Hydrogen bubble transport into DCRT's 1s discussed in Peurrung (1998) This discussion
concludes that the transport of hydrogen via bubbles entramed m hquid bemng pumped
into a DCRT 1s negligible Based on the referenced discussion and the conservative
assumption that 100% of the soluble hydrogen in a SST 1s transported to a DCRT, 1t 1s
assumed that no hydrogen 1s transported from the SST to a DCRT via bubbles

4 0 APPLICATION OF METHODOLOGY

The methodologies of this document can be used to predict flammable gas concentrations which
could exist 1n 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 bemg
added 1s denser than that in a DCRT, credit may be taken for mixing The mimimum temperature
used 1n the analysis for waste or vapor space 1 a DCRT shall be 80 degrees Fahrenhent 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
horizontal

This document considers the buildup of three flammable gases in DCRTs from the waste that 1s
transferred into them These gases are methane, ammoma, and hydrogen Other flammable
gases are of insignificant concentrations Nitrous oxide levels are sufficiently low to preclude its
adverse effect on the total lower flammabihity 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

10
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The equilibrium model for ammonia 1s 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 15 overly conservative 1n predicting high ammoma concentrations i the vapor phase For
these higher ventilation rate cases, the dynamic model yields more accurate predictions of vapor
phase ammeonia 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 imjected mnto each of these DCRTs as
part of a test discussed 1 Bauer and Hedengren (1999)

50 VALIDATION OF METHODOLOGY

The results of a series of ammonia solubility measurements 1n high concentration salt solutions
mdicate that the Schumpe model under predicts the solubility of ammoma 1n high salt solutions
These laboratory measurements were performed at Washington State Umiversity-Tn-Cities The
results of this testing show that as salt concentrations mcrease, ammonia solubility decreases
progressively slower The currently used Schumpe model, which 1s based on low salt
concentration measurements, imcreasingly under predicts ammona solubility as salt
concentrations increase above 10 molar (anions plus cations) The consequence of using the
Schumpe model for high concentration salt solutions 1s over predicting concentrations of vapor
phase ammonia 11 waste tank dome spaces This work performed by D C Hedengren (see
Appendix F) shows that at room temperature, the Schumpe model discussed in this document
under predicts the solubility of ammoma 1n 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 ammomnia solubility by a factor of 2 7 at room temperature

Vapor space ammonia measurements which have been made m the TX and S DCRTs are
consistently lower than those predicted by the Schumpe mode! for the equilibrium condition

Appendix G presents calculations which are being used for various safety analysis applications
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Definition of Formulas Used to Calculate Henry's Law Constants

Ammonia Unuts Formula
concentration moles _ X pg/! mL
n hqud £ (1,000) (molecular weight NH 3)
h(G) £ = hgo T hy x (T -25),
mole
Temperature 1 °C
K, e/ Ko none = 10{ Lt =xC)+h@G)xXCr}
Koo mole = gl 80964+391750/T 000314x T}
kg H,0—atm
Temperature in K
K=K, mole K
! alt IR = waer hq_density (mass Sraction H 0 m hq )
Liyguay — atm K,. /K., )\ 1,000 2
Partial _ concentration in hiquid
Pressure atm - K,
Hydrogen Units Formula
h (G) £ = hgo+ hy x (T - 25},
mole
Temperature m °C
Koo Kot none = 10t Ll x C1) + h(G) x 2C1 }
K mole = g 1219224552845/ T+168893xInT]
kg H,0x atm
Temperature m K
Ky =K mole

L(I:qmd) X atm

water

_ (K K e ) [lzq denSﬂyJ (mass fraction Hy0.n Ig )
salt

/K 1,000
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Methane Units Formula
h (@) : = hgo+ By x (T-25),
mole
Temperature in °C
K voter Keare none = 10{ZtxC)+h(@)x L)
Kater mole = @l 4121421+ 15557 56/ T+652553 xInT 006167 x T]
kg H,0x atm
Temperature 1n K
Ko = K mole K hguwd density

L(hqmd) X atm

=(

waler
Kwarer /Ksalt J (

(mass Jraction H,0:n g )
1000
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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 m DCRTs less than about 1 ¢fim, the equilibrium model 1s a good estimate
of the ammonua 1n the DCRT vapor space during and after waste addition However, as
ventilation rates increase above about 1 cfim, the equilibrium model significantly over predicts
the levels of ammoma 1n the vapor space from liquid waste m a DCRT Therefore, a model has
been developed to address ammomia levels in DCRTs that have a ventilation rate above 1 cfim
This model 1s based dén the Analysis Framework, which includes a model developed by Sandia
National Laboratory for the Hanford underground waste storage tanks The Analysis Framework
1s the analytical method for analyzing the impact of potential controls for flammable gases on
risk 1n Hanford Site single-shell tanks and double-shell tanks The part of the model, which was
adapted for this apphcation, 1s presented i the Analysis Framework document, HNF-SD-WM-
ES-410, Rev 2, Section 3 3, “Ammomnia Releases Duning Buoyant Displacement Gas Release
Event and Waste Transfers” with special emphasis on Section 3 3 3, “Ammoma Release During
Transfers ” Since ammonia release 1s a surface controlled phenomenon, the ammonia release
model of the Analysis Framework divides the liquid waste surfaces mvoived nto three zones

« Falling Waste Zone surfaces of the falling waste
o 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 ammoma 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

o Bubbler Air bubbler air that 1s discharged below the liquid waste surface

Each of these five sources of ammoma release to the vapor space of a DCRT 1s discussed below
The modeling of these sources 1s also presented

1 Falhing Waste

The liquid waste coming out of a transfer line into a DCRT may or may not be a contimuous
stream If the stream 1s continuous, some droplets and discontinuous slugs may form because
of gravitational acceleration and air resistance This model accounts for the possible increase
m surface area using a factor f; equal to 10 Thus factor 1s 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 1s based on an analysis contained
mn Section 3 3 of the Analysis Framework The overall mass transfer coefficient for the
falling waste 1s determuned by the calculation of its hiquid film mass transfer coefficient and
its gas film mass transfer coefficient

B2



RPP 4941 Rev 0

Liquid Film Coefficient The equation derived 1n the Analysis Framework for a hiquid film
coefficient for a growing transfer film thickness with time 1s given as

DL
b, = V40t M

where,
t 1s the time after the waste leaves the discharge pipe and

@ 15 the tortuosity factor affecting diffusion in the waste If only liquids are present,
=1

For a differential element of liquid 1n free fall, the distance covered m time t 1s given as
1
L=U, t+ > gt (2)

where,

U, 15 the vertical velocity of the waste coming out of the pipe and

g 1s 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 18

tL=é U§+2gL—UO] 3)

where,

L 1s the distance from the end of the let pipe to the waste surface

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

h %jhldL=l f D g (4)

L 4Pt

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

1 [D a2 Ly
lavg=i’— I(IB (ZUO t;. +"3_gtl,2 (5)
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Gas Film Coefficient The velocity at the interface between two fluids 1s not normally zero
However, 1f one of the surfaces 1s a sohd, the flmd velocity parallel to the surface 1s zero
Because tank waste bemng saltwell pumped 1s usually a dense liquid, the assumption 1s made that
mass-transfer correlations for a fluid flowing across a solid plate are valid For Reynolds
numbers below about 5 x 10°, a laminar boundary layer exists and the average mass-transfer
coeffictent from the leading edge to a distance x 1s given as

h
Sh = -5~ = 0 664 Re'? Sc¥? )
Dg

where,

Sh 1s the Sherwood number,
Sc1s the Schmidt number, and
Re 1s the Reynolds defined as

p, Ux
He

Re= (7)

with U defined as the bulk gas velocity relative to the surface and d, the stream diameter, 1s used
for the distance x

Sc1s defined as

Sc=—te ®)

where,

Kg1s the gas viscosity,

p, 18 the gas density, and

D, 1s the diffusion coefficient 1n the gas phase

The overall mass transfer coefficient for falling waste (hgy) 15 given as

hfw = (9)
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where,
K 1s the calculated Henry’s Law constant,
T 15 the temperature of the liquid waste that 1s being saltwell pumped into a DCRT, and
R 1s the gas constant
1y avg and hy are the liquid and vapor film coefficients, respectively

The product KRT 1s a dimensionless Henry’s Law constant

2 Turbulent Splash

In the splash zone, vapor motion 1s induced by the falling waste and the liquid at the surface of
the splash zone 1s disturbed by the falling waste so that significant turbulence 1s expected

Gas Film Coefficrent The mass transfer coefficient for the gas film 1s 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 1s reported 1n the Analysis Framework and one was performed by
the author of this document) suggest that the factor f; be set equal to 10 Ths factor 1s 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 1s 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 1s defined as the characteristic dimension of the splash zone, dsprasn divided by
the velocity of the waste when 1t reaches the surface That 1s,

d

splash
T, = 10
renew Umax ( )
where
Umax = Uo + gtL (1 1)

According to surface renewal theory, as discussed m the Analysis Framework, the mass transfer
coefficient for the liquud film 1s defined as

h, = (12)
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where,

T 18 the characteristic surface renewal f1ime

renew

Overall Mass Transfer Coefficient
The overall mass transfer coefficient for turbulent splash (hy) 1s given as
1

1 KRT
—+

2

h, = (13)

where K 1s the calculated Henry’s Law constant and T 1s the temperature of the liquud waste
which 1s being saltwell pumped into a DCRT

3 Secondary Disturbance

Estimation of the mass transfer resistance offered by liquud phase in the secondary disturbance
zone 15 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 1s suggested by
the Analysis Framework, assumes that the gas phase resistance 1s limiting  If the liquid phase
transfer were limiting, then the predicted mass transfer rate would be conservative because the
predicted release rate would be lngher than that computed for the liquid phase

Gas Film Coefficient The mass transfer coefficient for the gas film 1s derived in the Analysis
Framework by taking an equation for natural convection from a horizontal heated plate, using the
Chilton-Colburmn analogy (discussed 1n 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
h, =015 L—g Sc¥? Gr'® 14

C

where the Grashoff number, Gr, 1s 2 measure of buoyancy defined as

_ shoiLiaT

Gr
He

(15)

where AT 15 the temperature difference between the waste surface and the bulk gas, and f§ 1s the
thermal expansion coefficient For an 1deal gas,
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(16)

o |

<|=
=

where,
V 1s molar volume 1f gas at pressure P

For natural convection from a horizontal heated plate, the characteristic length, L, 1s the top
surface area of the plate divided by the perimeter Therefore, for a circular area L, 1s equal to
one-fourth the diameter However, L. 1s raised to the third power 1n the Grashoff number, Gr,
and Gr 1s 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, 15 weak because the Grashoff number, Gr, 1s raised to the 1/3 power

Overall Mass Transfer Coefficient

The overall mass transfer coefficient for secondary disturbance (hgg) 18 given as

h, = by 17
T RRT

where K 1s the calculated Henry s Law constant and T 1s the temperature of the liquid waste
which 1s being saltwell pumped into a DCRT

4 Undisturbed Surface

Mass transfer of ammonia from the undisturbed surface of hiquid waste 1s calculated using the
entire liquid surface n a DCRT This conservative assumption can, therefore, be apphed to both
saltwell pumping and non-saltwell pumping situations

Gas Film Coefficient The mass transfer coefficient for the gas film 1s derived n the Analysis
Framework by taking an equation for natural convection from a horizontal heated plate, using the
Chilton-Colburn analogy to relate natural convection heat transfer to mass transfer, and solving
for the gas film coefficient resulting in the following equation

D
h, =015 L—g Sc'? Gr'? (14)

c

This 1s the same equation as was derived for the mass transfer coefficient for the gas film n the
secondary disturbance case previously discussed The associated discussion also applies to the
undisturbed surface case

B7



RPP-494]1 Rev 0

Laquid 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 apphied to mass
transfer of ammoma from a liquid surface to the vapor phase The vapor film mass transfer
coefficient, as discussed previously, 1s derrved from a Chilton-Colburn analogy between heat and
mass transfer for the flurd above a heated plate An estimate of the hquid film mass transfer
coefficient can also be arrived at using the same analog with the mput of hquid properties instead
of vapor properties It 1s assumed that natural thermal convection occurs due to the heat
generation 1n the hiquid waste and the cooler surface temperature due to evaporation at the
surface In the case of the hot plate, the lughest temperature 1s at the plate and the highest fluid
temperature 1s at the vapor film right at the hot plate In the case of hot hiquid waste, the highest
temperature 15 not necessanly 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
1t 15 expected that the region of Iiquid where there exists a temperature gradient 1s smaller than
the whole Iiquid volume, Equation 14 can still be applied to the region where there 1s a
temperature gradient Mass transfer through that region 1s then analogous to heat transfer
through that region Equation 14, with the L, cancelled, thus becomes (using liquid rather than
gas parameters)

1 1
3 2 3
h, =01sD, | Hr_| [EPPL AT (18)
D 2
LPL 3

Overall Mass Transfer Coefficient
The overall mass transfer coefficient for undisturbed surface (hy) 1s given as
1

“"(1 KRT
— 4
b, h

g

h (13)

where K 1s the calculated Henry’s Law constant and T 1s the temperature of the liquid waste
which 1s being saltwell pumped into a DCRT

5 Bubbler Air

Approximately two-thirds of the bubbler air 15 bubbled through the hquid waste 1n a DCRT for
level and density measurements It 1s assumed that this air 1s saturated with ammoma The
molar flow rate of ammonia nto the DCRT vapor space from this source 1s calculated using the
1deal gas law and the appropriate Henry’s Law constant as

B-8
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n= N V (19)
KuRT

V 1s the volumetric bubbler flow of air through the liqud waste,

Cy nu, 18 the concentration of ammonia 1n the hqud waste,

R 1s the gas constant, and

T 1s the liquid waste temperature

Calculation of Ammonia in a DCRT Vapor Space

The molar flow rate of ammonia mto the vapor space of a DCRT from the first four sources
discussed previously 1s given as

where,

q= (Z h,Alj (C nuss - 1,000KC, Py) (20)

q 1s the molar flow rate of ammoma nto the vapor space of a DCRT

h, 1s the overall mass transfer coefficient for each of the first four sources of ammonia
given previously, 1 e, falling waste, turbulent splash, secondary disturbance, and
undisturbed surface

A, 18 the mass transfer area associated with each of the four sources of ammonia listed
above

Cr,nm3 18 concentration of ammonia in the liquid waste

H 1s Henry s Law constant for ammona mn the ligquid waste of the DCRT
C. 1s the concentration of ammonia in the vapor space of a DCRT at time t
P 1s the pressure 1n the vapor space of a DCRT

v 1s the molar volume of gas 1n the vapor space

The mass balance for ammonia in a DCRT vapor space 1s given as

dc
v . _oc 21
& q-QC, (21)
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where,

V 1s the vapor space volume
C; 1s the concentration of ammonia 1 the vapor space of a DCRT at time t
q 1s the molar flow rate of ammonia mto the vapor space of a DCRT

Q 1s the volumetric exhaust ventilation flow rate from a DCRT

Substituting q 1n Equation 20 mto Equation 21 and treating Q and V as constants, two constants,
k; and k» are defined as

) [(Zh,A,] (1,000KPy} + Q]

k=~ Vv (22)

and

(T o

k, = v (23)
The resulting differential equation can be written as

dC

---(-it—‘=k2 +k, C, (24)

Rearranging this equation and mntegrating from an mitial vapor space ammonia concentration of
C, to a final vapor space ammonia concentration of C; at time t yi1elds the following equation

C, =ki[(k]co +k,)e" =k, ] 25)
1

This equation can then be used to solve for the ammoma concentration as a function of time 1n a
DCRT vapor space assuming a fixed volume of waste and a fixed vapor space 1n 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 1ts fill This maximum value can be added to
contributions from hydrogen and methane to obtain a total concentration of flammable gases 1n
the vapor space of the DCRT
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APPENDIX C

Vapor Phase Ammomnia 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)

C-1
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Case

Table §3-4 Henry's Law Constant Calculation for Tank $X-105 (2 pages)
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Author&%&__ Date_J/@6/00 _ Checked by _%M Date__¢/26 [o0

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Charactenstics (Source Tank) Tank Characteristics (Receving Tank)
Parameter Units Value Parameter Units Value
NH; pg/mi 1210] |Percent Fill of Receiving Tank % 80
Na"' po/mil 235679 |Volume of Vapor Space L 16359
Al pg/mi 44040/ {Length of Waste Fall ft 31
Fe'? ug/mi 30| |Inside Diameter of Receiving Tank ft 16
cr? pg/mi 338| |Flow Rate of Waste gpm 4
Ni*2 pg/mi 12| |Total Pressure in Vapor Space atm 1
K ug/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939| [Total Ventilation Flow Rate for Stack cfm 005
NO, ' ng/mi 164776| | Total Bubbler Flow Rate cfh 3
NO, ngfml 142805/ |Temperature of Air in Vapor Space {°F 168 8
CO;* ug/mi 14131| |Stream Diameter inches 1
PO, pug/mi 3266 | |Tortuosity Factor unitless 1
S0, * pg/ml 4194/ [Inihal Concentration of NHg in the Vapor Phase {mole/m® 0
E? ug/mi 104 {Surface Area of Still Waste m? 16 417
¢! pg/mi 8998{ |Fumigation Divisor at 100 meters unitless 1
Le*! pg/mi 0| |Non-Fumigation Divisor at 100 meters unitiess 1
Br' png/mil 0) |Correction Factor for Schumpe Mode) unitiess 1
%H,0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/i 3228
Cs-137 uCimi 384
Temperature °F 167
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Auﬁw_g&%ﬁ_ Date gézé[aOChmked by, W Date_ £ ,éaf/aa

DCRT 244-5
Case 3
Table 834 (Cont'd) Henry's Law Constant Calculation for Tank SX-105 (2 pages)
Source Tank {8X 105 INPUT DATA |Date 36551 50554 Rewision O{NH;
Dilution Ratie |0 1 ug/ml
lon MW ct {moles/L) hi hi*ci 1210
Na*! 2299| 10 261362 01143 1 171728581 |From Weisenberger & Schumpe (1996) moles/L
AT 2698 163 02174 0 35486642 0 071048166
Fe™ 55 85 000 01161| 6 24862E-05
cr'® §2| 6 491E 03 00648| 0 000420627|Gas h (T} h (G 0)
NI* 5871 2 041E 04 01654] 3 37609E-05
K 3909| 8 63BE 02 00922; 0 007961423|Ammonia 0 0 0481
oH' 17 0074 241 00839| 0 201958095|Hydrogen 0299 00218
NO3 1 62 0049 2 66 00128 ©034015512|Methanse 0524 00022
NO,* 46 0055 310 00795 0246775523
CO,° 60 0092 024 01423| 0033508286
P04'3 94 9676 003 02119 0007286383
SO‘(2 96 0576| 4 366E 02 01117 0004877295
F 19] 5 466E 03 00892 0000502894
cr' 35453| 2 B38E 01 00318| 0008070632
L 6 94 000 0 0754 0
Br’ 79 916| 0 OOCE +00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in hig 043 Temperature
tLiquid density (kg/m3) 1468 000 deg F
T(C) 75 167
Temperature
deg C
75
PNL-10785
Schumpe Schumpe lpure water K _|mol/L{liq) atm |[NH3
gmoles/L (g )[h (G) Kwater/Ksalt  [(molkgwir at |Henrys K Part. P atm
Ammonia 0071048166 -0 0481| 11 89866249| 7 867518994| 0 416120578 | 0 170739371
Hydrogen -3 675E-02 2 045E+01 7 499E-04 2 308E-05; 0O OQQQE+QD
Methane 2 400E-02 3 757E+01 9 021E-04 1511E-05| 0 000E+00
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DCRT 244U
Case
Table U3-1 _Henry's Law Constant Calculation for Tank U-103 (2 pages)
Input Data for Henry s K calculation and the Dynhamic Spreadsheet
244-U
Source Tank U-103
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank. 244U
Liquid Waste Characternistics (Source Tank) Tank Charactenstics {Receving Tank)
Parameter Units Value Parameter Units Value
NH; ug/mi 1400 |Percent Fill of Receiving Tank % 50
Na*! ng/mi 224000]| |Volume of Vapor Space L 58700
Al* pg/ml 32500/ ILength of Waste Fall ft 6
Fe*? ng/mil 28| |Inside Diameter of Receiving Tank ft 12
cr*d ng/mi 190| |Flow Rate of Waste gpm 4
N ng/ml 180 |Total Pressure in Vapor Space atm 1
K ng/mi 4320| |Ventilation Flow Rate for Receiving Tank cfm 005
OH ug/ml 34613| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' ng/mi 197000| Total Bubbler Flow Rate cfh 3
NO, ' ng/ml 139000| [Temperature of Air in Vapor Space I°F 898
COz° ug/ml 17200/ |Stream Diameter inches 1
PO, ug/mi 3430/ |Tortuosity Factor unitless 1
S0,* pg/mi 3840| [Initiat Concentration of NH, in the Vapor Phase |mole/m” 0
F? ug/mi 1730| [Surface Area of Still Waste m’ 3902
cl' pg/ml 10900 JFumigation Divisor at 100 meters unitless 1
Lyt pg/ml 0| |Non-Fumigation Bivisor at 100 meters unitless 1
Br' pg/mi 0] |Correction Factor for Schumpe Model unitless 1
%H,0 % 48 67
Specific Gravity unitiess 141
Total Organic Carbon |9/l 12 781
Cs-137 uCvml 467
Temperature °F 88
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DCRT 244 U
Case 3
Table U3 1 (Cont'd) Henry's Law Constant Calculation for Tank U 103 {2 pages)

Source Tank |U 103 INPUT DATA |Date 38551 51549 Rewvision 0|NH;

Difution Ratio |0 1 ug/mi

lon MW &1 {moles/L) hi hi*ct 1400

Na*! 2299 97433615 01143 1 113665072|From Weisenberger & Schumpe {1996)  |moles/L

A" 26 98 120 02174| 0261878654 0 08220449

Fe* 55 85 0 00 01161] 5B84139E-05

crt® 52| 3 6B4E 03 00648|  000023677|Gas h (T) h (G 0)

Ni*2 5871| 3 OG6E 03 01654| 0000507104

K 3909| 1 10BE 01 00922 001018941 |Ammonia 0 -0 0481

OH' 17 0074 204 00839] 0 170751008|Hydrogen -0299 00218

NO, ' 62 0049 318 00128| 0040667663 |Methana 0524 0 0022

NO,’ 46 0055 302 00795| 0240199638

CO;2 60 0092 029 01423[ 0040786474

PO, 04 9676 004 02119 0007653303

80,2 96 0576 3 998E 02 01117 0004465314

F! 19| © 1085E 02 0092| 000837684

cr! 35453 3 074E 01 00318| 0009776892

Lit! 6 94 0 00 0 0754 0

Br' 79916| 0 OOOE+00 00269 0
Average

20 06061405 1 909212555

Mass fraction water in Iig 049 Temperature

Liquid density (kg/m3) 1410 GO0 deg F

T(C) 31 88
Temperature
deg C
31 11111114

PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm |[NH3
gmoles/L {iiq }ih (G) Kwater/Ksalt | (molfkgwir at [Henrys K Part P atm

Ammonia 0 08220449 -00481] 8796238569| 45 77208045] 3 570952654 | 0 023020325

Hydrogen 2 363E-02 2724E+01| 7610E-04] 1 917E-05| 0 O00E+00

Methane -1 002E03 7 T47E+01| 1 292E-08] 1 145E-05| 0 ODOE+00
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APPENDIX D

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

Using Schumpe Model
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AutroroD @ o lorrggnom, Date ff26/00 Chocked byﬁm Date_//26/ 05

DCRT 244-8
Case 3
Table $3-4 (Cont'd) Henry s Law Constant Calculation for Tank SX-105 (2 pages)
Source Tank |SX-105 INPUT DATA |Date 36551 50622 Rewvision O|NH;
Dilution Ratio [0 1 ug/ml
lon MW ¢1 {moles/L) h hi*c 1210
Na*’ 2299 10261362 01143 1171729581 |[From Weisenberger & Schumpe (1896) moles/
AP 2698 163 02174] 035486642 0071048166
[Fe® 55 85 0 00 01161| 6 24862E-05
cr® 52| 6 491E 03 00648 0 000420627 |Gas h(n h (G 0)
NI 5871 2 041E 04 01654 3 37600E-05
K 3909 8636E02 00822 0007961423/ Ammonia 0 -0 0481
OH' 17 0074 2 41 00839 0 201958095|Hydrogen 0299 -0 0218
NO, ' 62 0049 2 86 00128 0034015512|Methane -0524 00022
NO; ' 46 0055 210 00795 0246775523
CO;° 60 0092 024 01423 0033508286
PO, 94 9675 003 02118] 0007286383
§0,° 96 0576 4 366E 02 01117| 0004877295
F 19| 6 466E 03 0092] 0000502894
cr! 35453 2 B38E 01 00318] 0008070632
fL*? 694 0 00 00754 0
Br' 79 916{ 0 00OE+00 00269 0
Average
20 71872705 2 072068917
Mass fracton water in lig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 76 167
Temperature
deg C
75
PNL-10785
Schumpe Schumpe pure water K [mol/L.(hq) atm |NH3
gmoles/L (Ig )|h (G) Kwater/Ksalt |(mol/kgwir at |Henrys K |Part. P_atm
Ammonia 0071048166 00481 11 89666249| 7 867518994] 0 416120578 | 0 170739371
Hydrogen -3 675E-02 2045E+01| 7466E-04] 2308E-05] O OOOE+00
Methane 2400E-02] 3 757E+01] 9O021E-04] 1511E-05] 0 00DE+00
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Auﬂwwn&zuu?_m_ Date /<26 /00 Checked by é}wh

e e /oo
D

DCRT 244 U
Case 3
Table U3-1 (Cont'd) Henry's Law Constant Calculation for Tank U-103 (2 pagg)

[Source Tank |U 103 INPUT DATA |Date 36551 51626 Revision 0|NH,

Dilution Rato [0 1 ug/ml

lon MW a1 {molas/L} hu hi*cl 1400

Na"' 2299 9 7433615 0 1143] 1 113665072|From Weisenberger & Schumpe (1896)  moles/L

A 26 98 120 02174| 0261878554 0 08220449

[Fe™ 55 85 0 00 01161 584135E-05

cr*® 52 3 6B4F 03 00848|  000023677|Gas h (T) h(G0)

N2 56 71| 2 066E 03 01654] 0 000507104

K 3909| 1 10BE 01 D0922] 001018941 |Ammonia 0 -0 0481

OH 17 0074 2 04 00839| 0 170751008|Hydrogen -0 299 -0 0218

NO, 62 0049 318 00128{ 0040867653 Mothane 0524 00022

NO, ! 48 0055 302 00785 0240199638

cO,* 60 0092 029 01423 0040786474

PO, 04 9676 oo4 o2119) 0007653303

80,7 96 0576 3 998E 02 01117] 0004465314

F! 19! 9 10BE 02 0092| 000837684

cr! 35453 3 074E 01 00318| 0009776892

T 694 000 0 0754 0

Br’ 79 916| 0 0OOE+00 0 0269 0
Average

20 06061405 1 908212555

Mass fraction water in lig 049 Temperature

Liquid density (kg/m3) 1410 000 deg F

T(C) 31 88
Temperature
deg C
31 11111111

PNIL-10785
Schumpe Schumpe pure water K |moVL{lig) atm |NH3
gmoles/L {Iiq )jh (G} Kwater/Ksalt  [(molikgwir at [Henry s K Part P atm

Ammonia 008220449 0 0481| 6 796238969] 45 77208045] 3 570952654 | 0 023020325

Hydrogen 2 363E-02 2724E+01| 7 610E-04] 1 917E-05] 0 OOOE+00

Methane 1 002E-03 7 747E+01| 1292E-03| 1 145E-05] 0 OOOE+00
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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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SRAHILL

Harfurd Group e
Determination of Headspace Gas SA Barker
Concentration in a Vertically Oriented DCRT...
Input Data
Input diameter of DCRT (d) DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and
CASE 3 §-107 dissolved hydrogen
m - the infial condition of the tank 1s 0% full
- this model calulates the remainder until filled to 80% full with
Input length of DCRT (L) pumping rate of 4 gpm (Ventilation rate of 5 cth)—Includes ammonia
from SX-102 and methane from S-107
5_\;&4

Input rate at which the DCRT fills (flow) (mimimum should be a touch gereater than 0,1¢ 1x10-6)

flow

flow =8912x 10 sec ——— =32083
%)
hr
flow, = 8912 x 10 P sec ! %2 _ 30 083
Calculate total DCRT volume (tvol) (%}
tvol =L x (%)2 Assume DCRT has flat ends [Eqn 1]

tvol = 2739
Volume of fill at start of pumpmg

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

e e
i o OOR GO ERON

Timne at pumpmg rate 2
-gga{ Sl

e @»&a
Volume of fill at start of pumping rate 2

tvoly = tvolyy + trme flow tvol, = 1091 f°

E-2 Process Engineering

Case 3 Worst Case H2-8X-105 & 8-107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244-8 hf mcd Mathcad v2000+
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Calculate hours of fill time for the DCRT (t)

M@g Input percentage of tank fill

9 - Eqn 2
eq = (;"g;“ tvol — tvolmlt) flow™ ! tumegy = 69 153 hr [Eqn 2]
mantissa(x) = x — floor(x)
Rounding Off at the Halfway Point
roundoff(x) = wi{mantissa(x) < 03, floor(x), cerl(x)) Time to fill" 1s rounded to allow use as
Rounding Off at Arbitrary Point an integer counter Roundoff functons

are not built4n MathCad functions
RoundOff (x,t) = if{mantissa(>) < t,floor(x), cell(x))

b = roundoff{timegy br™ ) br tm = 69 000 hr

im = |2410°6r of tm> 24 10%hr ¢

Ihm otherwise
I A time hmit greater than 2400 hrs creates very large arrays and the
t=0hr solver equation becomes very slow The solver cannot handle array

Input DCRT waste and vapor temperature sizes greater than ~1,000,000

® @%ﬁ%ﬁﬁ%ﬁ%ﬁ T=348150K (Reference )
%ﬁ%ﬁéﬁwﬁg@%ﬁ Tyap = 348 150K

Crict AR LAy

Input rate at which saltwell pumping mtroduces hydrogen to the DCRT (grso; motar J(mole/hiter) &

convert to ft3/hr
D ;_ i, ok
o %% 5‘ (Reference )
g i ﬁﬁ%ﬁﬁé\% ‘Qﬁo&&nﬁ?ﬂ + w5

liter T €50t
= 224 fl =0135 Eqn 3
8301 = Elsol_molar mole ow 273 15K (ﬁsJ [Eqn 3]
Input DCRT ventilation rate (vr) hr
Qﬁb o‘wo%’c:km%’i‘
;% %‘% e 5000
3 R Mﬁ% (ﬁ)
Input saltwell waste specific gravity (r) hr
3g“ﬁ§bg%§§ (Reference )
Input saltwell waste nitrate concentration (molar)
(Reference )
Input saltwell waste mtnte concentration (molar)
%\»o 3 ﬁ%
{&%% *‘% (Reference )
E-3 Process Engineenng
Case 3 Worst Case H2-SX-105 & 8-107 CH2M HILL

dissolved H2 and SX-102 NH3 to 244-S hf med Mathcad v2000+
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Input saltwell waste alummum concentrations (molar)

{Reference )

: X
G 1 L v
Lot '\om.m.o&x

i
Input saltwell waste TOC concentrations (grams carbon per hter)

{Reference )

%%%% .:E
Input radiolytic power from waste (Ci/mL) and then calculate DCRT radiolytic
power (power generation per cubic foot of waste)

decays =1 define decays as a unit of measure

10 decays define Cunes (Ci) as a unit of measure in decays/sec

Ct=3710

VO - Conversion based on 137Cs - 137Ba pair
i Q@ Ref Kirkpatnck T D, and Brown R C
o f%%%% ,,,% --» ) ﬁ* 1984, Basis and Values for Specific [Eqn 5]
R Activity and Decay Heat Generation Rates
for Selected Radicnuchdes,

astepower = -6 BTU RHO-SD-RE-TI-131, Rockwell Hanford
wastepower = 6 182 x 10 Operations Richland Washington

Input source of waste, DST or SST

m g%%%iﬁ Tank type must be in quotes

Constants and other mput for H, generation by radiolysis
Hu, T A, 1999, Empincal Rate Equation Model of Hydrogen Generation for Hanford Tank Waste, HNF-3851
Rev 0 Lockheed Mariin Hanford Inc , Richland, Washington

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

Activation energy of G in organic radiolysis (Hu, 1999 - egn 4-16)

et ‘%% Weight fraction liquid in matenal

(Hu 1999 - eqn 4-16)

Eioc ag = |04 iof tank_type = "SST" Reactvity coefficient of TOC (0 7 for DSTs 0 4 for SSts)
07 otherwise

Broe_mad = 0400

Constants and other mnput for H, generation by chemical reaction

Hu, T A, 1999 Empincal Rate Equation Model of Hydrogen Generation for Hanford Tank Waste HNF-3851
Rev 0 Lockheed Martin Hanford Inc , Richland Washington

E-4 Process Engineering
Case 3-Worst Case H2-SX-105 & §-107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244 S-hf mcd Mathcad v2000+
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Author &w%&_ Date //;’,é/ o Checked by Date A

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

Activation energy of H, generation (Hu, 1999 - egn 4-8)

|0 4 if tank_type = "SST"

07 ofherunee {TOC] efficiency coefficient 0 70 for DSTs 0 40
- 8

Eroe, th = 0 400 for SSTs (Hu 1999 - eqn 4-8)

Define unit rate of corrosion hydrogen production (R)

3
_ -7 mole o
Reor = |1210 % mun 22 4 liter if tank type = SST  oference 6 OE-08 for DSTs and 1 2E-07 for 88Ts

3minft2) (Hu, 1999)

i mole
0 22 4 liter

60108 otherwise

7 f mole
22 pun 22 4 Iiter

Repe = 1200 % 10

Imtial condition of the ODE ft3 of hydrogen  the tank headspace at tiume t=0

B, o, ot

%@3@3@%@ (Reference )
If there 1s a combustion gas moniter (¢cgm) measurement, calculate the H, concentration

Wﬁg <=== User inputs "yes" or "no" to indicate if a cgm measurement is available
SR e PR
o
e con = Oppm Reference
bR R e SR ,1@%; cLFL_I:ng PP ( )

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

CONCLEL, cgm = 'f(OOHOLFL_cgmo < 3 %LFL, 1220 ppm, conchL_cgmo) CONCLFY, cqm = 1 220 x 10° ppm
ol =
Gt e Do CONCNE3_cgm = 0 000 %LFLygy3

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

CONCLF], cgm CONCNH3_cgm

cony = 40000 ppm
H2_cgm 1220 ppm 150000 ppm PP
03
CONCH com = 3 000 %LFLyy, CONCHy ¢om = 1200 ppm
E-5 Process Engineering
Case 3 Worst Case H2-SX-106 & S-107 CH2M HILL

dissolved H2 and SX-102 NH3 to 244-S hf med Mathcad v2000+
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Vol = Lt[ﬂagcyn = "yes", cOnCyz ogm (tvol — tvollm),volmo]

voly, = 00008 <==== |ntal volume of H2 in Headspace
[1}

Input Ammonia Loncentration

it W@%&% (Reference )
At Al

Input Methane Concentratlon
; iy (Reference )

End of Input Sectlon
Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t — tvol,gy hvol(lm) = 525 326 f* [Eqn 4]
2
Wetted area of full DCRT (horzontal orientation) (ft?) on (—3 +x dL= 10841 [Eqn 8]
Wetted area of vertically oriented DCRT (ft2)
2 flow t + tvol,, 2 4 (flowt + tvol
T g +Tcd———£ =“(£l.) <+ ( ow om‘t) [Eqnﬁ]
2 I\? 2 d
(3)
2
¢ 4 (ﬂow t+ tvo],m,)
Awet(t) =x (—) + [Eqn 9]
2 d
Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 767 048 fi*
Awet(0 hr) = 176 7152 Check the answers
Awet(1 br) = 1852708 Awet(hm) = 767 048 f*
E-6 Pracess Engineeting
Case 3-Worst Case H2-SX-105 & S-107 CH2M HILL

dissolved H2 and $X-102 NH3 to 244 S-hf mcd Mathcad v2000+
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Average characterizations for NO3, NO,, Al, TOC (molar, molar, molar,
grams/hter)
NO; NO, Al TOC

—— = 2660 —=3100 —=1630
mole mole mole
( hter ) ( lnter ) ( later )
Definition of the hydrogen production by corrosion (fe3 per day)
lter T
= Eqn 10
Haer(t) = Reger [Awet(t) [(22 4 mole) (273 T K)ﬂ [Eqn 10]

hiter T
C = Rege | 224 n 11
cor ( mole) (273 15 K) [Ean 1]

Hou(t) = (Awet(t) C) [Ean 12]

Maximum hydrogen production rate from corrosion (ft* per day)

Hy, (lm 3
Haal) _ 0 169 Hyo( 1 hr) = 00391 2
[ﬁ3j day

day

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

o@é& - Rl Default water radiolysis value for saturated saits waste
Sspg=p Add units back into definition of density

gm
Pug =SP_g1 — Pg = 1 468;5

TOC = 0003 lic_tzr Redefine {TOC] as weight percent
[TOC] = T9C 100
Phyg

[TOC] = 0220

E-7 Process Engineering
Case 3-Worst Case H2-SX-105 & S-107

CH2M HILL
dissolved H2 and SX 102 NH3 to 244-S hf mod Mathcad v2000+
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Al=1630 mole mwy; = 26 9815 £ Redefine [Al] as weight percent
Inter mole
Al mway 100
[Al] = MWy = (14 0067 + 2 15 9994) 22
Piq mole
[Al] = 2996 mwios = (140067 + 3 15 9994) -E2
mole
NO, =3 100 mole [NO,] =NO, Change of nomenclature
hter
mole
NO; = 2 660 e [NO;] =NO;  Change of nomenclature
1
wastepower = 1 812 x 10‘3m Convert wastepower et ) to Heat Load [ X2t
hter hter kg
wastepower
Hload =
Puq
Hyq = 1234 x 1073 228
kg
1 1 Reference (Hu 1989) [Eqn 13]
[NO1 1° [NO;1 7% | molecules lecul
molecules
=[045-043| — Grpo = -0953 ———
Grnzo mole mole 100 eV H20 100 eV
Inter hiter
molecules
Gizo = (G20 < Gz, sat» G20, sats Grzo) Gppz0 = 0005 ——
100 eV
~Bapyg molecules
G, = TOC Gy = 0049 —
org krad exP[R TJ [ ] Etoc_rad org 00 oV
mol
[Harsd(® = (G20 + Gorg) Hioad ] L1 gine B (tvolpy + flow t) pyq [Eqn 14]
602 102 molecules
g mol
E = {Cuz0 + Gorg) (Fioad flow) =
6 02 10~ molecules [Eqn 15]
mol
Eqonst = (Gr20 + Gorg) (Flioad tv01,) S [Eqn 16]
6 02 10™ molecules
F L T E qn11;t§]
= 1 R — n
Pliq L1t fac (273 15 K) 9
E-8 Process Engineering
Case 3-Worst Case H2-5X-105 & §-107 CH2M HILL
dissolved H2 and 8X~-102 NH3 to 244 S-hf med Mathcad v2000+
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Hya(®) = (EtF + Ecpue F) [Eqn 18]
Maximum hydrogen production rate from radiolysis (ft3 per day)

Hy.4(hm Hong(1 br
M:oosss —2‘-“5——)-=8049x 1074
ﬂ3
(Ky)

&

Definition of the hydrogen production by chemical reaction (ft3 per day) Reference (Hu 1999)[Eqgn 19)

-E
Hyet(t) = Kpan [ TOC] Erpe_tim ((AID°* Lty fac exp(;'“‘“‘J [Piq (flow t + ol

Regnst T
-E
G = Ky [TOC] By (TAID* exp( a“““J flow [Eqn 20]
. Rogpe T
-E
Geonst = Kan [TOC] Ergg s ([AID°* exp[ a"““) tvol,ye [Eqn 20a]
- Rm T
Hy(t) = (GF t + Copput F) [Ean 21]
Maximum hydrogen preduction rate from chemical reaction (ft® per day)
Hyp(hm Hy(1 hr
Hoalm) _ | 2842 Bl _ 0201
Eal £
day day
Total hydrogen generation rate (ft per day)
gry(t) = Haor(t) + Haeag(t) + Hoer(t) [Eqn 22]
gry(®) = Hy () + Hopa(t) + Hog(t) gry(hm) = 1 6091 day™? {Eqn 23]
Maximum total hydrogen production rate (ft3 per day)
Sum = gry(hm) [Eqn 24]
Sum_ 609
ﬁ3
(&)
£E-9 Process Engineenng
Case 3 Worst Case H2 8X-105 & 8-107 CH2M HILL

dissolved H2 and $X-102 NH3 to 244-S hf mcd Mathecad v2000+
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Determine the relative amounts of hydrogen produced by each mechanism m percent

Corrosion = 100 (Awet(hm) C Sum™ 1) Corrosion = 10 502 [Eqn 25]
Radrolysis = 100 (E i F + E ., F) Sum™* Radiolysis = 3 452 [Eqn 26]
Chemical = 100 (G F lim + Gyoqg, F) Sum ™! Chermical = 86 046 [Ean 27]
Total = 100 Sum Sum"™ Total = 100 000 [Eqn 26]

Prepare equatons for solution of ordinary differential equation

Accumulation = Input - Output

Accumulation ==> %:'- =w
t

Input ==> H2 released by salt well pumping + H2 generated
==> gyl + U = grt0t = gryys + (Eaer(®) + Haraa(t) + Houn(D)

==>  gropr+ (Awet(t) C + Et F + Bopt F + G F t + Goopq F)

Cutput ==> H2 vented based on generation rate + vent rate + volume reduction
volg
hvol(t)

==> (grol(t) + vr + flow)

Volm
(tvol — flowt — tvol,mt)

==> [groor + (Awet(t) + Et F + Eggg F + G-F t + Ggug F) + vr + flow]

Solve (1 e, find volyy = f(f) ) the following inhal walue problem
Vol you - [ar - {grg + vi) (vol z¢hvoly)] = 0 where

voly is the volume of H, (ft%) n the DCRT headspace at tme t
vol o, = d{vol;,p/dt, the rate of change of the hydrogen volume In the tank headspace (f®/day),
gry (H2 generation rate (ft®/day)) vr, (DCRT ventilation rate (f3/day)) and hvol, (DCRT

headspace velume{ft?)) are known funchons of t
and the intbal condrtion 1s voly o (0 days) = 0

E-10 Process Engineering

Case 3-Worst Case H2-8X-105 & §-107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244-S hf med Mathcad v2000+
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Imtial condition of the ODE f£¢3 of hyldrogen m the tank headspace at time 0 (Set m mput section)

volg, = 00008
L]

Definition of y' from differential equation

[Eqn 29]
mput(t) =[ gror + [(Awet(9)) C + EtF + Egong F + GF t + Geonu F] |
[ tyo1 + [(Awet(t)) C + EtF + Eqopu F + G F t + Goong F] | + (vr + flow) [Eqn 30]
output(t) = hvol(t)
Y|
D(t,volm) = mput(t) —~ output(t) vo]mo [Eqn 31]
npomnts = E evaluation points within the evaluation interval
i1 =0 beginning of ime interval
Q2 = him end of ime interval
sec
Z contains the values of voly; calculated at the evaluaton
vol points by the 4th Order Runge-Kutta approximation [Ean 32]
Z = rkfixed| ——= 11,2, nponts D method for ordinary differential equations expressed as
7 an n column matrix [where n = order of the ordinary
differentiai equation + 1 (2 in this case yielding t & voly,
1 =1 npoits )]
b =[Z] e voly, =[Z] 8 [Eqn 33, Eqn 34]
vol'yy = mput(t,) — output(t,} voly, Defintion of vol yz In terms of t and volyx as defined {Eqn 35]
! ' by the differential equation
E-11 Process Engineering
Case 3-Worst Case H2-SX-105 & S-107 CH2M HILL

dissolved H2 and §X-102 NH3 to 244 S-hf med Mathcad v2000+
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DCRT Headspace Volume vs Time

3000

2500

g

o
T,

104,

o ™
s

500 0 10 20 30 40 50 60 70
hours

headspace volume (fi3)
2
(=]

¥36¢ DCRT headspace volume (ft3)

DCRT H2 Inflow and Outfiow Rates vs Tune

8
0
&
%
g
€
iy 10 20 30 a0 50 60 70
hours
¢ fi3/day hydrogen mflow to headspace
©6€ fi3/day hydrogen exhausted from headspace
E-12 Process Engineering
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Mathcad v2000+

dissolved H2 and SX-102 NH3 fo 244 S-hf mcd



RPP-4941 Rev 0 Appendix E

Authorﬂ&awg?hr Date //o?é//oo Checked by W Date /g’gg%@

(ft3 f3/day) hydrogen in headspace

9 10 20 30 40 50 60 70

hours
¥ headspace hydrogen mventory (t3)
©G© change in headspace hydrogen inventory (ft3/day)

% hydrogen m headspace
1
08 X
g, 05
£
-
T 04 xx"w}
02
% 10 20 30 40 50 60 70
hours
¥6¢ headspace hydrogen concentration (%)
E-13 Process Engineering
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Display tabulated results for first 24 hours of DCRT fill time

Rate of H; wolume

H» Concentraton Ha Concentration

1=0,8 —
hr

wolume of liquid

time Hzvolumen Increase in in Headspace In Headspace in tank at tme
(hours)  Headspace (fi®) Headspace (R%/day) wo1yme %) (% LFL) (f5)
vol'm1
t Yol _ £ voha, vy oo owht tohw
?h';)- - (ﬁs) (-d?y) hvol(tl) - 100 hvol(t,) & (ﬁs)
0 000 0000 0000 0000 0000 0 000
8 000 1 059 3074 0043 10687 256 667
16 000 2043 2817 0 092 2294 513 333
24 000 2929 2489 0149 3719 770 000
32 000 3692 2073 0216 5 390 1027103
40 000 4 208 1542 0295 7 382 1283103
48 000 4 703 0 857 0392 9 808 1540 103
56 000 4 845 -0 052 0514 12 853 1797 103
64 000 4 630 -1312 0675 16 880 2053103
E-14

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

Process Engineanng
CH2M HILL
Mathcad v2000+



RPP-4941 Rev 0 Appendix E

AUthO!’Q&%m_ Date 17&49_0 Checked byw Date __Zvl_l 26/08

DCRT headspace hydrogen concentration when the maximum fill level is first achieved

time = 34 000 hr
100 volyor vme
%Hypm = ——————3'—)- %Hy1m = 0 234 volume % hydrogen {Egn 36]
" hvol(time)
vol .
. =) 100 .
%LFLyy = 100 ———— — %LFL 1 = 5 855 % LFL based on hydrogen [Eqn 37]
hvol(time) 4

Ultimate (steady-state) DCRT headspace hydrogen concentration

%H,,, = -IMM %H,, = 0 672 volume % hydrogen [Eqn 38]
gry(hme) + vr
%LFL,, = %Hy,, -!% %LFL,, = 16 812 % LFL based on hydrogen [Eqn 39]

Tank Headspace wolume @ time = 34 000hr

hvol(time) = 1648 #° tl = —
Hydrogen generation rate
ﬁ3
gryChme) = 0 812-dTY
Barometric Breathing Rate

00045 3
venly, = hvol(time ft
fob = =y Dvol(tme) venty, = 0 309 —

Determne if Steady-State concentration or concentration at end of pumping 1s hmiting

(flag = 0 pumping concentration imiting
flagyy, = 1f(%LFLyy < %LFLi,0,1) flagym = 1 flag =1 steady-state imited)

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

I f 0 Yo, ik H 0 672484%
2_mt Lym = Y Trvol(th hr) 100 2 mt = o

Fmal H2 Concentration to meet 25% (NH3 and CH4 included)

NH c NH
H, 550, = 1fl flagy = 0,00004 | 25 - ——— - T ) 00004 (25~ ——2 )| 1,y = -1 886%
- %LFLNH3 %LFLCH,; %LFLN[.B -

E-15 Process Engineering
Case 3 Worst Case H2-SX-105 & S-107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244 S-hf med Mathcad v2000+



RPP-4941 Rev 0 Appendix E

Author &M%L Date zj@é[oo Checked by W Date _{ /26 /28

Final H2 Concentration to meet 50% (NH3 and CH4 mcluded)

NH; CH, NH;
H; 50, =1 flag),, = 0,00004 | 50 — - ,00004 | 50 = e H, 500, = -0 886 %
- %LFLN}B %LFLC].M %LFLNTB -

Final H2 Concentration to meet 100% (NH3 and CH4 included)

NH, CH,

NH;
H o, = Il fla; =0,00004 | 100 - - 00004 | 100 - ———ue | | H. o= 1114%
2_100% l{ Shim ( Yl Lo %LFLCHJ [ % LFLNI—B):I 2_100% o

Maximum %LFL with loss of ventilation

gry(ime)
gry(tune) + venty,) 04

LFLat brosthung = ( NH; LFLpat_breatiung = 257 621%

Time to Reach 25% LFL with loss of ventilation

templqys =

—hvol(time) gry(tune) - (gr‘r(tlme) + vent,,l,) Hy 254
templqg = —49 147 day

(gry(tnne) + vent,,‘,) gry(time) ~ (gry(tnne) + venti,,,) Hy ot

Timey psorr, = W{LFLnat breathung > 25%,1f(templos < 0 day,0 day,templ,s), 999999999 day)  Timey pseqpr, = 0 000 day

Twme to Reach 50% LFL with loss of ventilation

~hvol(time) gry(tme) ~ (gey(tme) + Ventbb) Hz_so%]

templ g9 =
D750 = lary(tmne) + ventyy) | g(tme) — (gry(tume) + ventys) Hy s

templsg = —31 344 day

Time;_sosrr. = HF{LFLnat_breattung > 50%,1f{templsp < O day, 0 day, templ5), 999999999 day) ~ Tme;_sooerr, = O 000day

Time to Reach 100% LFL with loss of ventilation

templ g =

—hvol(tume) gry(tme) — {gry(tme) + Ventbb) Hy 100%
templ 100 = 9 851 day

(gry(tlme) + ventbb) gry(time) — (gry(t:me) + ventbb) Hy

Time,_yoosrrr = F(LFLnat breattung > 100%, tf{temp1 109 < O day, 0 day,temp1 1q), 999999999 day) Time; 00y, = 9 851 day

E-16 Process Engineering
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PART 2
Determination of Headspace Gas Concentration in a Horizontally Onented DCRT

Begin Initialization Section for Part 2

ttme = 34 000 hr t =%

Hydrogen volume 1 headspace

vol2y, =voly,
0 1

vol2y, =3 8600£°
[}

Input Rate at which DCRT fills (flow2)

flow, = 4 000-EL
min

wolume of fill at start of phase 2

woly = tvoly, + flow time

tvol ey = 1091 8°

Pumping time for phase 2
Im2 = t]mez

lm2 = 35 000 hr

Input rate at which saltwell pumpmg mtroduces hydrogen to the DCRT (gr,,)(mole/liter & convert to ft3/hr

flow, Hsol2
Boolz = Seol = 2= =0135
flow e
[hf)
tt =0 hr Im2

End Inmtialization Section for Part 2

E-17 Process Engineering
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Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(time) = tvol — flow, time ~ tvol ¢ hvoi2(hm2) = 525 326 f* [Eqgn 4]

Wetted area of vertically oriented DCRT (ft2)
i (5)2 xd flowy t + tvolyn - (2)2 N 4 (flowy t + tVOluutz) [Eqn 8]

d\2 2 d
’t —
)

2 4 (flow, 2 + tvol
Awet2) =z [3) + (flov i) [Eqn 9]
2 d

Wetted area of full DCRT (vertical orientation) (ft2)awet(lm2) = 767 048 2

Awet(0 hr) = 467 603 i Check the answers
Awet(1 br) = 476 1592

Awet(lm2) = 767 048 f%

Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/hter)

NO; NO, Al TOC

———= 2660 —————=3100 = 1630 =3228
mole mole mole gm
hiter Iter liter liter
E-18 Process Engineering
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Defimtion of the hydrogen production by corrosion (f& per day)

- hiter T
o[ a2 22 ] a0
Iiter T
€ =Reor (22 ¢ mole) (273 15 K) [Ean 11]
[Eqn 12}

Hyer(t) = (Awet(t) C)
Maximum hydrogen production rate from corrosion (ft3 per day)

H,. (lim2) 3
26 = 0169 Hy. (1 he) = 01032::T

@ y

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

1 1 [Ean 13]
G = | 045 043 L2021 [NO;1 ]? [NOs] 17 | molecules Gon = 0953 molecules
H20 (mo e) [moie) 100 eV H20 = 100 eV
Iiter hier
molecules
Gmo = ‘f(GHzo < G20 _gats Or20 sats Gmo) Gippo = 0005 ———
100 eV
- molecules
G,, = TOC G, = 0049 ———
org Kag exP[Rm T] [ 1 Etoc_rad org 100 oV
mol
[Baras(®) = (G0 + Gorg) Hicad ] Lidot inc | —— (tvolgz + flows 1) piq [Ean 14]
602 107 molecules
mol
E = (Gr20 + Garg) (Hicad lowy) &
6 02 10° molecules [Eqn 15]

Econst = (Gr20 + Gorg) (Hioaa tvolno) ( g_mol J [Eqn 16]
602 10® molecules

T [Ean 17
F = L —_— Eqn17b
Plq L3t frac (273 15 K) q ]
Hraa(t) = (Bt F + Egopy F) [Eqn 18]
E-19 Process Engineering
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Maximum hydrogen production rate from radiolysis (ft® per day)

H hm2 H 2 hr
M=00555 i“(___)_=0029
e
[5537]

(&)

Defimtion of the hydrogen production by chemical reaction (ft¢ per day) Reference (Hu 1999) [Egn 19]
04 ~Eagn
Hoe(t) = Ko [ TOC] Epoqthn (TAID” * LiGug gac exp AT [Puq (flows t + tvol) |
nst
-E
G = K [TOC) By gy ([AID" * exp(R a““‘;J flow, [Eqn 20]
const
-E
Geonst = Kitan [ TOC] Brge_pm ([A1D" ex;{R a“";,) tvolne [Eqn 20a]
const
Hoe(®) = (GF t + Goopet F) [Eqn21]
Maximum hydrogen production rate from chemical reaction (ft3 per day)
H, 4 (lim2 Hy (2 hr
Boallm?) 1 384 @l _ 7202
P [ P
day day
Total hydrogen generation rate (ft3 per day)
gy(t) = Hoe(t) + Horag(t) + Haoi(t) [Eqn 22)
3
gry(t) = Hoer(t) + Hopa(t) + Hoer(D) gry(hm2) = 0 067 3;- [Eqn 23]
Maximum total hydrogen production rate (ft3 per day)
Sum = gry(hm2) {Eqn 24]
_Sum 600
_ﬂ;3
&)
E-20 Process Engineering
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Determane the relative amounts of hydrogen produced by each mechamism m percent

Corrosion = 100 (Awet(11m2) C Sum™ l) Corrosion = 10 502
Radiolysis = 100 (E km2 F + Eypg F) Sum™" Raduolysis = 3 452

Chenucal = 100 (G F hm2 + Gegpy F) Sum™* Chemucal = 86 046
Total = 100 Sum Sum™ ! Total = 100 000

Prepare equations for soluton of ordinary differential equation

Accumuiation = Input - Output

Accumulation ==> -g—t- =w

Input ==> H2 released by salt well pumping + H2 generated
==> gl + grY(E) = grtot = grn + (Haoe(t) + Harag(t) + Hoar()
==> gron+ (Awet(t) C + EtF + By F + GF t + Gygp F)

Output ==> H2 vented based on generation rate + vent rate + volume reduction
vol2y,y

hvol2(t)

==> (grtot(t) + VI + ﬂowz)

vol2yy

m=> [grwlz-;-(Awet(t)+EtF+EMF+GFt+GmF)+vr+ﬂow2:| (tvl
ol —

Solve (1e find volyx = f(t) ) the following Inthal walue problem
vol 4ot - [are - {@r; + vid(volyavhvoly] = 0 where

vol,,,, 1 the volume of H, (ft%) in the DCRT headspace at time t
vol'y,, = d(voly,)/dt the rate of change of the hydrogen volume in the tank headspace (ft®/day)
or; (H2 generation rate (fP/day)) vr; (DCRT ventlation rate (ft3/day)) and hvoi; {DCRT

headspace volume(ft%)) are known funchons of t,
and the inrhal condrtion Is volyy, (0 days) = 0

Case 3 Worst Case H2-SX-105 & S-107
dissolved H2 and SX 102 NH3 to 244 S-hf med

ﬂOWz t-— WOInutZ)

[Eqn 25]
{Eqn 26]

{Eqn 27]

[Ean 28]
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Imitial condition of the ODE ft3 of hydrogen m the tank headspace at tume 0 (Set in mput section)

vol2p, = 386001
0

Defimtion of y' from differential equation

[Eqn 29]
mput(t) = g + [(AwWet(t)) C + EtF + Eqppq F + GF t + Gope F] ]
[ a0tz + [(AWet()) C + Bt F + Bopuy F + G F t + Guope F| | + (vr + flow,) [Eqn 20]
output(t) =
hvol2(t)
D(t,vol2m) = mput(t) — output(t) volly, [Ean 31)
1]
1 hm2
npomts = roundo T evaluation points within the evaluation interval
Lim2
tl =0 beginning of tme interval = == end of time interval
sec
Z contains the values of voly, calculated at the evaluation
vol2 points by the 4th Order Runge-Kutta approximation [Eqgn 32}
Z = rkfixed| ——= 1,2, npounts, D method for ordinary differential equations, expressed as
an n column matrix [where n = order of the ordinary
differential equation + 1 (2 in this case yielding t & voly,
1 =1 npomts )]
t, =[ZO] s vol2zy, =[ZD] & [Eqn 33 Eqn 34]
1
vol2'y, = mput(t,) — output(t,) vol2y, Defintion of vol 3 In terms of t and volyy as defined [Eqn 35}
! ' by the differential equation
E-22 Process Engineering
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(f3/day hydrogen)

headspace volume (ft3)

DCRT Headspace Volume vs Time
2800
“ ’x&
2000 &K
1800 >
1600 5 5 10 15 20 25 30 35
hours
6% DCRT headspace volume (f3)
DCRT H2 Inflow and Outflow Rates vs Time
5
PIVEVEVLL, o *
4
3
0.@43-9‘0"9-@'1
-9-0-0"9"3-9-9'
: 9-0-043‘9'?9‘0#
oo H-2
o9
e-e®
Yo 5 10 15 20 25 30 35

hours
¢ fi3/day hydrogen mflow to headspace
©00 fi3/day hydrogen exhausted from headspace

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

Process Engineering
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(3 ft3/day) hydrogen m headspace

>-9.,G

2 ~e ]

9 5 10 15 20 25 30 35

hours
363 headspace hydrogen mventory (fi3)
©00 change in headspace hydrogen mventory (fi3/day)

% hydrogen 1n headspace

: e
A

06 .(x/

volume % kydrogen

03 Py

04

03

024 5 10 15 20 25 30 35

hours
¥ headspace hydrogen concentration (%)
E-24 Pracess Engiheering
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Display tabulated results for first 24 hours of DCRT fill time 1=0,1 %

H, volume In Ez:z:;:;wolume H, Concentration H; Concentration wolume of liquid
tme In Headspace in Headspace In tank at time
(hours)  Headspace (ft%) Headspace (f%/day) yolume %) (% LFL) (f3)

V012'H2

. ‘E’_Iz_ml_ _ e - = 100 v012m} _ . VODH% 100 _ flows t, + tvol, _
5 W &) YT CEEnc @)
0000| 3860 0000 1091 103
7000] 3940 1880 0244 6095 1123 109
2000 4017 1624 0254 6 340 1155103
3000| 4002 1757 0264 6592 1187 103
2000| 4164 1688 0274 6849 1219103
5000 4233 1616 0284 7112 1251 108
6000| 4208 1542 0295 7382 1283 103
7000| 4361 1466 0 306 7658 1315 103
§000| 4421 388 0318 7942 1348 103
9000| 4477 1306 0329 8232 1380 103
10000] 4529 1222 0341 8 531 1412103
71000 4579 1135 0353 8837 1444 103
12000| 4624 1046 0366 9 151 1476 103
13000| 4666 0953 0379 9474 1508 103
14000| 4703 0857 0392 9808 1540 107
15000] 4737 0757 0406 10148 1572103

E-25 Process Engineering
Case 3-Worst Case H2-SX-105 & S-107 CH2M HILL

dissoived H2 and SX-102 NH3 to 244-S hf med Mathcad v2000+



RPP-4941 Rev 0 Appendix E

Amho".ﬁL%%L Date_l_/LZﬁLé oo Checked byw Date ¢ /26 /PO

DCRT headspace hydrogen concentration when the maximum fill level s first achieved (end of step 2)

lim2 = 35 000 hr time, = 35 000 hr Iim = 69 000 hr
100 vol2

i)
%Hopn = %H,,,, = 0 809 volume % hydrogen Eqn 36
0I5l m hv012(t1me2) o lim yarog [Eq ]

vol2,

-1

%LFLy,, = 100 S ) 100 %LFLy,, = 20 221 % LFL based on hydrogen [Egnh 37]

hvoIZ(hmez) 4

Ultmate (steady-state) DCRT headspace hydrogen concentration

100 (gry(lm2))
%Hyy = ——————<= %H,, ., = 1323 volume % hydrogen Eqn 38
o gry(hm2) + vr w2 [Fa ]
%LFLgo = %Hy, -129- %LFLy = 33072 % LFL based on hydrogen {Eqn 39]
Tank Headspace wolume I

hvol2(hm2) = 525#°
Hydrogen generation rate

PE
gry(lm2) = 1 609 —
day

Barometric Breathing Rate

3
00045 hvol2(lim?2) venty, = 0 098 %

venty, =

Determine if Steady-State concentration or concentration at end of pumpmg 1s hmiting
(flag = 0 pumping concentration hmiting,

flagyy = H{%LFLyp < ULFLien,0, 1) flagy, = 1 flag = 1, steady-state imited)
Hydrogen concentration at loss of ventilation (greater of "end of pumping" or "final steady-state")
H 1l 0 VoD, g H 1322863 %
= 4 =4u, 3 =
2 st Bl = pvol2(el by 100 2ot ’
Final H2 Concentration to meet 25% (NH3 and CH4 included)
NH, CH, NH;
H2 25% = ﬂagl,m= 0,0 0004 | 25 ~ p - 5 ,0 0004 25 - — H2 258, = -1 88600 %
- /OLFLNI.B A)LFLCH4 %LFLNI'B =
E-26 Process Engineering
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Fmal H2 Concentration to meet 50% (NH3 and CH4 mcluded)

H fl 0,00004 | 50 - 2 ) 00004 [50- 03 H —0 886 %
= i1 - N - a— N — — =
2_50% Elim WLFLygs  ALFLogg %L Ly 2_50% o

Final H2 Concentration to meet 100% (NH3 and CH4 mcluded)

NH, CH,

NH;
H o, = 1] flagy,,, =0,00004 | 100 - - ,00004 | 100 — =———memmeee | [H =1114%
2, 100% “{ Elim ( %LFLygs %LFLCHJ ( %LFLN}BJ:I 2 100% o

Maximum % LFL with loss of ventilation

gry(hm2)
gry(lm2) + ventyy) 04

+ NH3

FF Lt st = 7 LFLyat_treathung = 1 023 x 10°%

Time to Reach 25% LFL with loss of ventilation

terp2q5 = ~10 412 day

—hvol2(lm2) gry(lm2) — (gry(m2) + venty) Ho zs0 }
temp225 =

(grv(im2) + ventyy) | gry(hm2) — (gry(m2) + ventyy) Hy oy

Time ssoapr, = H{LFLnut breating > 25%, 16(temp2,s < 0 day, 0 day, temp2ys), 999999999 day)  Time 2505y, = 0 000 day

Time to Reach 50% LFL with loss of ventilation

—hvol2(hm2) gry(im2) - (gry(bm2) + venty,) Hy 504
temp2sy =

(grv(im2) + venty,) | gry(um2) — (gry(im2) + ventys) Hy e temp2so = ~7 254 day

Time, soourr, = F(LFLnat preathung > 0%, 1f{temp2s < O day,0 day, temp2sg), 999999999 day)  Time; sooupr, = O 000 day

Time to Reach 100% LFL with loss of ventilation

—hvol2(lm2) gry(lim2) — (gry(lunZ) + Ventbb) Hy 1009
temp?2 190 = =0 703 day

temp2 =
P00 = Tor(m2) + ventyg) | grv(tm2) — (gry(hm2) + ventys) Hy e

Timep yooseer, = F(LFLyat socathung > 100%, 1f{temp2 99 < O day, 0 day, temp2yq9), 999999999 day) Time, joosr, = 0 000 day
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SUMMARY: DCRT 244-s Calculations based on worst case hydrogen tank 241-SX-105 and
CASE 3 S-107 disscived hydrogen
- the inibal condition of the tank is 0% full
- this model calulates the remainder until filled to 80% full with
pumping rate of 4 gpm (Ventilabon rate of 5 ¢fh) Includes ammonia
from $X-102 and methane from S-107

INPUT SUMMARY:
General Data_
it mole
DCRT Ventilation Rate vr = 5000 - Nitrate Concentration NO; = 2 660 ]
iter
Saltwelt Waste Specific Gravity p = 1 468 mole
b Nitnte Concentraton NO, =3 100
Radiolyic Power of Waste wastepower = 1 218 ——— Iiter
ft sec
mole
Intial DCRT H, Inventory volgy = 0000 23 Aluminum Conceniration Al = 1630
[}
Hz Inventory Based on CGM?  flaggyy, = "no" TOC Concentration TOC = 3228 ;ﬂ_
iter
CGM Measurement CONCpgY, cgmo = 0 000 %LFL
- Ammonia Concentration NHj; = 72 150 %LFL 33
DCRT Waste Temperature T=348150K Methane Concentration CH, = 1 890 %LFLcy
Penod 1
inibal Flow Rate flow = 4 000ﬁ Time Pumped at Intal Flow Rate  tume = 34 000 hr
min
_smole L
Hydrogen Carryover Rate gr.| notar = 1471 % 1077 —— inthal Fill Factor = 0000%
= hter tvol
#
or  gry=0 135-1;
Period 2
Second Flow Rate flow, = 4 000-5-51— Time pumped at Second flowrate  hm?2 = 35 000 hr
min
ﬁ3 tvollma
Hydrogen Carryover Rate*  gr,;, = 0135 v Intial Fill Factor = 39.825%
tvol
E-28 Process Engineering
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OUTPUT SUMMARY:
Period 1
gal
Inthal Flow Rate flow = 4 000 —=—
min
Olm“_
Inhal Fill Factor = 0000%
tvol
Intial Fill Volume  tvol,,,, = 0 gal

Initat H2 Concentration (%LFL) 1h2c = 0000%
Final H2 Concentration (%LFL) fh2c = 5855%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 16812%

Ultimate (ss) Flammable Gas Concentration (%LFL)

Time Pumped at Intal Flow Rate tume = 34 000 hr
Final Fill Factor fif = 39825%
Final Fill Volume fiv = 8160 gal

Final Flammable Gas Concentration (%LFL) ffge = 79 895%

uhfge] = 88 962%

Peniod 2
gal
Second Flow Rate  flow, = 4 000 —
min
tvol
Iniial Fili Factor e 39825%
tvel

inthal Fill Volume  tvol,, . = 8160 gal

Initial H2 Concentration (%LFL)
Final H2 Concentration (%L.FL)

th2e2 = 5855%
fh2c2 = 20221%

Ultmate {ss) H2 Concentration (%LFL) uhh2c2 = 33 072%
Ultmate (ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventilabon

Time to Reach 25% LFEL with Loss of Ventilation
Time to Reach 50% LFL with L.oss of Ventlation
Time to Reach 100% LFL with Loss of Ventiaton

Time pumped at Second Flow Rate Iim2 = 35 000 hr
Final Fili Factor fif2 =80821%
Final Fill Volume fiv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) ffge2 = 94261%

uhfge2 = 105 222%
LFL it preathung = 1 023 x 10°%

Time; 3500m, = 0 000 day
TlIﬂEQ__f,D%LpL = (000 day
Tune, jpourm. = 0 000 day

Case 3-Worst Case H2 SX-105 & 8-107
dissolved H2 and SX-102 NH3 to 244 S-hf med
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FHILL

Haonkwd Group, du
L] .
Determination of Headspace Gas SA Barker
Ld » L) L
Concentration in a Horizontally Oriented DCRT...
Input Data
Input diameter of DCRT (d) DCRT 244-U Calculations based on worst case hydrogen generation and ammonia tank
CASE 3 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
% % - the inihal condrtion of the tank 1s 0% full
o - this model calulates the remainder untd fill 1s hit at 80% full with
Input length of DCRT (L) pumping rate intially of 4 gpm to 40% fult
- immediate change in pumping rate of 4 gpm with no chance to come
Mg% to steady state H2 concentration
SR
Input rate at which the DCRT fills (flow) (mimimum should be a touch gereater than 0,1e 1x10%)
_'-:_:::_ 35:» vy
4 flow = 8912 x 1073 sec ! How _ 32083
§§%% G E
hr
o flow, = 8912 x 10 3’ sec ! ‘:’2 32083
Calculate total DCRT volume (tvol) (%)
% Husn (Reforence HNF-SD-WM-CN-118) [Ean 1]
Volume of fill at start of pumpmg
Shigal0i (0 Rl = 00001
Time at start of pumping rate 2 (MUST be an INTEGER)
SRR R R
Time at pumpmg rate 2
oy
e
Volume of fill at start of pumping rate 2
tvol, = tvol,,, + tune flow tvol, = 1668 i
E-30 Process Engineering
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Calculate hours of fill time for the DCRT (t)

m@%@% Input percentage of tank fil
%%full
100
mantissa(x) = X — floor(x)
Rounding Off at the Halfway Pont
roundoff(x) = f(mantissa(x) < 0 5, floor(x), cerl(x)) "Time to fill s rounded to allow use as
Rounding Off at Arbitrary Pomnt an integer counter Roundoff funchions

are not built-in MathCad functions
RoundOff(x,t) = if(xnantissa(x) < t,floor(x), cell(x))

[Eqn 2]

tmegn = ( tvol ~ tvol,mt) flow™ ! timegy = 103 381 hr

hm = roundoff{timegy hr ‘) hr lim = 103 000 hr

im = |2410°br of m>2410%br
hm otherwise A time limit greater than 2400 hrs creates very large arrays and the solver
equation becomes very slow The solver cannot handle array sizes greater
t=0hr lm than ~1,000 000

Input DCRT waste temperature (K)

LEGniabY  T-s0e250K (Reference )

Input rate at which saltwell pumping mtroduces hydrogen to the DCRT (grsg) molar )(mole/hiter) &

convert to ft3/hr
. S '6 ﬁ%ﬁ&s&%&g
o ﬁ"%@
3”‘3‘:‘”«*?%2 R

liter T ot
= 224 fl =0026
Bhiot = ol molar 22 Pl 213 15K (ﬂs) [Eqn 3]
Input DCRT ventilation rate (vr) hr (Reference )
o wr
g%% B e =3 000
R oﬁ?‘% 3 g@t (ﬁ]
hr
Input saltwell waste specific gravity (r)
%@E@ (Reference )
(Reference )
Input saltwell waste nitrite concentration (molar)
%‘%ﬁ' %‘%—%ﬁﬁfﬁ
ﬁﬁ" qw-%i&fg; (Reference )
%ﬁﬁ?@%ﬁ%.«. 0:-. -
E-31 Process Engineenng
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{Reference )

centrations (grams carbon per liter)

: e (Reference )
Input radolytic power from waste (C/mL) and then calculate DCRT radiolytic
power (power generation per cubic foot of waste)

decays =1 define decays as a unit of measure

Cr =37 10" Jecays define Cunes (Ci) as a unit of measure in decaysfsec

Conversich based on 137Cs - 137Ba pair
G RN
2 %*a &%%%% ‘*@g Ref Kirkpatnck T D and Brown,R C,
SR b S R T +: 1984, Basis and Values for Specific

LA L St +Activity and Decay Heat Generation Rates
BTU for Selected Radionuchdes,

_ —6 RHO-SD-RE-TI-131, Rockwell Hanford

wastepower =7 519 x 10 Operations Richland Washington

[Egn 5]

Input source of waste, DST or SST
m@%@w % Tank type must be In quotes

Constants and other mput for H, generation by rad:olysis

Hu, T A, 1999, Empincal Rate Equahon Model of Hydrogen Generation for Hanford Tank Waste, HNF-3851,
Rev 0, Lockheed Martin Hanford Inc , Richland Washington

- S g“ﬁ%’ Pre-exponential factor of G n organic radiolysis (Hu 1999 - eqn 4-16)
2 Sant el

Activation energy of G In organic radiolysis (Hu 1999 - eqn 4-16)

S
%@%&E@;ﬁi Weight fraction iquid in matenal

Eie 1aa = |0 4 1of tank type = "SST" Reactvity coefficient of TOC (0 7 for DSTs 0 4 for SSts)

07 otherwise (Hu 1999 - eqn 4-16)

Eroe_rad = 0 400

Constants and other mput for H, generation by chemical reaction

Hu TA 1999 Empincal Rate Equabon Medel of Hydrogen Generation for Hanford Tank Waste, HNF-3851
Rev 0 Lockheed Martin Hanford Inc  Richland, Washington
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%%W%%@% %%% Thermolysis pre-exponential factor (Hu, 1999 - eqn 4-8)
T v 0
SR

Activation energy of H, generation (Hu 1999 - eqn 4-8)

Egoo. tn = |o4 if tank_type = "SST"

07 otherwise [TOC] efficiency coefficient, 0 70 for DSTs 0 40
B, 0400 for S8Ts (Hu, 1999 - eqn 4-8)
_thm =

Define unit rate of corrosion hydrogen production (R)

3
_ 7 f mole o
Reor = 11210 if tank_type = "SST eference 6 OE-08 for DSTs and 1 2E-07 for SSTs

22 4 liter
& o 3min/ft?) (Hu 1999)
e mole

6010°° ol
4 22 4 liter

3
R, =1200x 1077 _mole
2 ran 22 4 lter

Imtial condition of the ODE 3 of hydrogen 1n the tank headspace at time t=0

%%@ﬁg@ ;ﬁ% {Reference )

If there 1s a combustion gas moniter (cgm) measurement, calculate the H, concentration

%%%%g%% <=== User inputs "yes" or "no" to indicate if a cgm measurement 1s availlable
SR i
2 T e

3 : :; CONCLFy, cgmo = 0 PpPmM (Reference )

Adjust H2 cgm readmmg for mmmum detection hmt (1220 ppm ( 3%LFL) combustable gas per
WHC-SD-WM-TRP-256)

CONCLEY, cgm = ]-f(ooncLFL_cng <3 %LFL 1220 ppm,concLR_cmo) CONCLFY, cgm = 1 220 x 10° ppm

CONONH3 cpm = 0 000 %LFLyys

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

CONCLFL cgm  CONCNH3 cgm

CONCH) ogm = ( 1220 ppm 150000 ppm
03

J 40000 ppm

conc}n_cm =3000 %LFL].D ooncm_cgm = 1200 pPpm

E-33 Process Engimeenng
Case 3-Worst Case H2&NH3-U-103 & U-106 CH2M HILL
dissolved H2 & CH4 to 244 U-hf mcd Mathcad V2000+



RPP 4941 Rev 0 Appendix E
Author M_ﬁgém%&;_ Date ) /2&/ 00 Checked byé\ Rﬂ%“*’\: Date l\lﬂf/Oo

v'olm0 = lf[ﬂagcgm = yes",conCyy com (tvol - tvol,mt) ,volmo:l

volg, =0 0008 <==== [nittal volume of H2 in Headspace
0

Input Ammoma Concentration

{Reference )

(Reference )

End of Input Section

Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t — tvol,,, hvol(lim) = 841 417 #° [Eqn 4]
2
Wetted area of full DCRT (horizontal orientation) (fi2) 2r (%) +ndL= 15461 [Ean 8]

Wetted area of horzontally orented DCRT (ft?)

Handbook 5th Ed
(a = 0 5* the overal! angle)

2
Vol = flow tume + tvol, = L (%) (o ~ sm(«) cos(ar)) Reference Perry's Chemical Engmeers o o)

flow tt + tvol,y,

angle = 2 root] o, — sin{a) cos{ar) - ———— == | The MathCad Ver 6 0 formula to solve for the angle

L 4 [Eqn 9b]

2
o =0deg Set the inthal value for a {Eqn 10]
al.l flow tt + tvoly, calculate the wetted
Avwel(t) =1 2 [2 rootl;: - s{a) cos{or) - —dz_“’d' surface (modified for
T, (d) inial condrhion)
1l L 2L_ \211 .JJ.JI _—
4 ow it + tvo
+2 1 E] 2} roofla — sm(o'.) cos(a) - ——-——--——m,a
2\2 a\?
Ll—
5
flow tt + tvol
+—smf 2 | roof ¢ — sm(oc) cos(a) - —-——-—"—E,
Gl
Li—
=3 . 2 -t
E-34 Process Engineenng
Case 3-Worst Case H2&NH3-U-103 & U 106 CH2M HILL

dissolved H2 & CH4 to 244 U hf med Mathcad V2000+



RPP 4941 Rev 0 Appendix E

Author Q&Mg@?ﬁ&-__ Date { /R&/ 00 Checked by\ B %i/\,-\. Date l"l 1 {00

Awet(0 hr) = 0 000 £ Check the answers
Awet(1 hr) = 144 508 f* Awet(lm) = 1096 x 10°f%

Average characterizations for NO3, NO,, Al, TOC (molar, molar, molar,

grams/liter)

N N

——O-a—-—=3180 —02=3020 L=1200 -—T-Q-g—=12781
mole

(hter)

mole mole gm
Tnter Iiter hiter

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

_ Iiter T
Hoer(t) = Regrr [Awet(t) [(22 4 mole) (273 = K)ﬂ [Eqn 10]
Iiter T
€ = Reer (22 4 mole) (273 15 K) [Ban 1]
[Eqn 12]

Fou(t) = (Awet(t) C)

Maximum hydrogen production rate from corrosion (fe3 per day)

Hy (lm 3
2l _ 6011 Hoe( 1 br) = 00111 =

i day
day

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

S e
R Wﬁ%%%%%&ﬁ@

Default water radiolysis value for saturated salts waste

Add units back into definion of density

gm gm
q = 1 == =1410=—
Png =SP_8 I Plq I

TOC = 0013 ;—tir Redefine [TOC] as weight percent

TOC
[TOC} = —= 100

Plq
[TOC] = 0 906

E-35 Process Engineenng
Case 3-Worst Case H2&NH3-U 103 & U-106 CH2M HILL

dissolved H2 & CH4 to 244-U-hf med Mathcad V2000+



RPP-4941 Rev 0 Appendix E

Author _g&_@&lg&%m;__ Date [/ 2&/ 00 Checked by(}\bkgﬁn Date lll?/OD

Al=1200 mole mw,; = 26 9815 g Redefine [Al] as weight percent
Inter mole
Al mw
[Al] = A 100
Puq
[Al] = 2296
mole
NO, = 3 020 — [NO,] = NO, Change of nomenclature
1
mole
NO; =3 180 - [NO;] =NO, Change of nomenclature
1
wastepower = 2203 x 1073 walt Convert wastepower Xal} to Heat Load [ 22
iter liter kg
wastepower
I'Iload = _—EE'"'—'
Plq
Hy,q= 1563 x 107352
kg
1 1 Reference (Hu, 1999) [Eqn 13]
3 3
[NO,] [NO;] molecules molecules
G =[045-043 | ———v| —-056 =-0995 ——
H20 mole mole ooy CHo 100 eV
Inter lifer
molecules
Gizo = (G120 < Ginag sets Gr120_sat> Oirz0) Gio = 0005 —————
100 eV
—Eapyg molecules
G = TOC G, = 0022 ————
org Keag exP(Rm T] [ 1 Btoc_rad org 100 oV
mol
[Harad® = (G120 + Gorg) Flons ] L1 tinc o (tvol + low £) prg [Ean 14]
602 10> molecules
mol
E = (G0 + Gorg) (Hioaa flow) gzg
602 10“ molecules [Eqn 15]
mol
Eeonst = (Git20 + Corg) (Hioad tv0l,ng) = [Eqn 16]
6 02 10° molecules
F T E t:“1117751
= L1 —— n
Phq 11wt frac (273 15 K) q
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Hypq(t) =EtF + By F [Ean 18]
Maxunum hydrogen production rate from radiolysis (ft3 per day)

H 1m Hypaq(1 hr
ﬂ=00443 _2“‘1&_...).=4304x 1074
3
[dayj

&)

Defimition of the hydrogen production by chemical reaction (ft3 per day) Reference (Hu 1999)[Eqn 19]

-E
Hia(®) = Kaen [TOC] B tm CAID* L e exp[R;"”’;J [Pug (Blow ¢+ tvol)]
const

-E
G = kg [TOC] Eygg i ([ALD** CXP(R a‘*“;] flow [Eqn 20}
const
-E
Geonst = Ketun [TOC] Eyge g (TAID®* e,q{ a"‘“‘) 0l [Eqn 20a]
- Reonst T
Hyu®) = GFt+ Gepy F [Eqn 21]

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

H, . (hm Hou(1 br
20M) _ o 0749 Poalb) _ ssax 1074
ﬁ3
[@J

£
day
Total hydrogen generation rate (fX3 per day)

gry() = Hyeo(t) + Hygg(t) + Hogi(t) [Ean 22]

gry(t) = Hpor(t) + Hprg(t) + Hyg (1) gry(hm) = 0 3308° day™? [Eqn 23]

Maximum total hydrogen production rate (ft3 per day)

Sum = gry(lm) [Eqn 24]

ﬂm_.=0330

day
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Determme the relative amounts of hydrogen produced by each mechamsm in percent

Corrosion = 100 (Awet(hm) C Sum™ 1) Corrosion = 63 905 [Eqn 25]
Radiolysis = 100 (E lim F + E o F) Sum™" Radiolysts = 13 425 [Eqn 26]
Chenucal = 100 (G F lim + Gegpg F) Sumn™ Chenucal = 22 670 [Eqn 27]
Total = 100 Sum Sum™! Total = 100 000 (Ean 28]

Prepare equatons for solution of ordinary differential equation

Accumutation = Input - Qutput

VOlm
Accumulation ==> m = Vol

Input ==> H2 released by salt well pumping + H2 generated
==> ghy + G = grtot = grygy + (Hace(t) + Hara(t) + Hos(t))

==> gryt+ (AwWet(t) C+ Bt F +Eqpny F+ GF t + Ggpe F)

Output ==> HZ2 vented based on generation rate + vent rate + volume reduction
voly,
hvol(t)

==>  (grtot(t) + vr + flow)

volyyy
flowt — tvo],m)

==> [ @hot + (AWet(D) + EtF + Eouy F + G F t + Gogy F) + vr + flow] e
0 —_—

Solve (1 e, find volyz = f(t) ) the following tniial Value problem
vol ya - [an; - (9r, + vig(velgy/hvold] = 0 where

voly,, Is the volume of H, (ft5) in the DCRT headspace at time t
vol 5, = d(vol,,)/dt, the rate of change of the hydrogen volume in the tank headspace (f%/day)
gr: (H2 generation rate (f%/day)) vr, (OCRT ventlation rate (f®/day)) and hvol, (DCRT

headspace volume(ft3)) are known functions of t,
and the inthial condition is vol (0 days) = 0

E 38 Process Engineering
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Initial condition of the ODE f{t3 of hydrogen mn the tank headspace at time 0 (Set in mput section)

voly, = 00008>
0

Defimition of y' from differential equation

[Eqn 28]
mput(t) = gra + [(Awet(t)) C+ Et F + B F + GF t + Geop F[ |
+ | (Awet() C+EtF + Eoopg F+ GF t + Gyt F| | + (vr + flow
output(t) = [ oo + [(Awet(t)) const const F] | + € ) [Eqn 30]
hvol(t)
D(t,volm) = mput(t) — output(t) voly, [Eqn 31]
[/}
lim
npomts = = evaluation points within the evaluation interval
t1 =0 beginning of time interval
p = Im end of tme interval
sec
Z contains the values of voly, calcuiated at the evaluation
vol points by the 4th Order Runge-Kutta approximation [Eqn 32)
Z = rifixed| —= 11,2, npoints,D method for ordinary differental equations expressed as
8 an n column matnx [where n = order of the ordinary
differential equation + 1 (2 n this case yielding t & vol,;;
1 =1 npomts ¥1

t, = [Z<(°)>]. sec  voly, = [Z<(1)>1 2

vol'y, = mput(t,) - output(t,) voly,

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

[Eqn 33 Eqgn 34]

Defintion of vol ¢ In terms of t and voly as defined
by the differential equation

[Eqn 35]
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DCRT Headspace Volume vs Time

5600

“ %

W
[
(=
i~

st

headspace volume (ft3)
2
=

1000

0 0 20 40 60 30 100 120
< hours

¥ DCRT headspace volume (ft3)

DCRT H2 Inflow and Outflow Rates vs Time

15
1
:
£
3
)
05
% 20 40 60 80 100 120
hours
»6¢ f3/day hydrogen inflow to headspace
©60 ft3/day hydrogen exhausted from headspace
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(ft3 ft3/day) hydrogen in headspace

0 10 20 30 40 50 60 70 80 90 100 110
hours

¥ headspace hydrogen mventory (i3)
©80 change 1n headspace hydrogen mventory (ft3/day)

% hydrogen 1n headspace

02

015 #)Rf

volume % hydrogen

005

0 0 10 20 30 40 50 60 70 80 90 160 110

hours

¥ headspace hydrogen concentration (%)

Case 3 Worst Case H2&NH3-U-103 & U 106
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Display tabulated results for first 24 hours of DCRT fill time 1=0,8 —hh?-

H, volume in ﬁzt;:sfeH;Vo!ume Hz Concentration H; Concentration Volume of hquid
time i Headspace in Headspace in tank at tme
(hours) ~ Headspace (') Headspace (%/day) (volume %) (% LFL) ()

vol H2
t, iﬂz,_ = ﬁg = Volm1 VOIH2: 100 flow t+ tVOImn _
E - (ﬁ3) [Ey] 100 hvol(t,) - ! hvol(tl) i (ﬁa)
0 000 0 000 0 000 0000 0000 0 000
8 000 0219 0 654 563710 3 0141 256 667
16 000 0434 0629 0012 0298 513 333
24 000 0638 0 595 0019 0472 770 000
32 000 0829 0 552 0027 0 665 1027 103
40 000 1005 0502 0035 0878 1283103
48 000 1163 0 443 0045 1118 1540 103
56 000 1299 0373 0055 1382 1797 103
64 000 1410 0 291 0 087 18685 2053 103
72 000 1492 0195 0 081 2031 2310103
80 000 1538 0 080 0 097 2435 2 567 103
88 000 1542 0 061 0117 2915 2823103
96 000 1493 -0 238 0140 3502 3080103
E-42 Process Engineenng
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DCRT headspace hydrogen concentration when the maxymum fill level 1s first achieved

time = 52 000 hr
100 volyn/ pme
Y%oHoum = FJ %Hpy,m = 0050 volume % hydrogen [Eqn 36]
hvol(time)
vol
%LFL,,, = 100 ———'1’—)- 100 %LFLy,,, = 1245 % LFL based on hydrogen [Eqn 37]
hvol(time) 4

Ultimate (steady-state) DCRT headspace hydrogen concentration

%H,, = —I-O—OM %H,, = 0271 volume % hydrogen [Egn 38]
gry(time) + vr
%LFL,, =%k, ? YLFL = 6769 % LFL based on hydrogen [Eqn 39]

Tank Headspace Volume @ tine = 52 000 hr

hvol(tme) = 2478 t = %
Hydrogen generation rate
ﬁ3

gry(time) = 0 195 —
day

Barometric Breathing Rate

0045 3
hvol(time) venty, = 0 465 'E.'

venty, = 0

Determne if Steady-State concentration or concentration at end of pumping 1s miting

_ . {flag = 0 pumping concentration imiting
flagy = f{%LFLy < %LFLy,0, 1) flagy, = 1 flag = 1, steady-state imited)

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

vol
Hy e = 1] flagy,, = 0, i ,%Hm Hy e = 0270768%
- hol(tl h)” 100 i

Final H2 Concentration to meet 25% (NH3 and CH4 mcluded)

H fl 0,0 0004 | 25 2 CH, 00004 | 25 3 H 0 406 %
- a = s - - s — ——— 67 =
2.25% Blim %LFLyg;  %LFLgy %LFLyg3 2.25% ’

E-43 Process Engineenng
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Final H2 Concentration to meet 50% (NH3 and CH4 mcluded)

NH; CH, NH,
H2 50% = ﬂaghm= 0,0 0004 50 - - ,00004 50— —— Hz 0% = 1406%
= %LFLyqyz %LFLcyyg %LFLygs -

Fmal H2 Concentration to meet 100% (NH3 and CH4 mcluded)

H 1l 0,00004 | 100 NH; i 00004 | 100 NH; H 3406%
2 100% = ALhm = Vs %LFLygy  YLFLexzs > - %L Lz 2_100% = o

Maximum %LFL with loss of ventilation

gry(time)
L = + NH. LFL, = 45304 %
FLnat__brcathmg ( gw(nme) + ventb,,) 04 3 'nat_breathmg 0

Timme to Reach 25% LFL with loss of ventilation

templqys =

~hvol(time) gry(tme) — (gn(tlme) + Ventbb) H; 25%
templys = 21 346 day

(rv(tume) + ventyy) | gry(time) — (gry(time) + ventys) Hy g

Time; gsoqr. = H{LFLnat_preathung > 25%,1f{templzs < O day,0 day, templ,s), 999999999 day)  Time; psoupr, = 21 346 day

Time to Reach 50% LFL with loss of ventilation

~hvol(time) gry(tume) — (gry(ﬁm&) + Ventbb) H; 5o Ajl
(gry(tume) + venty) | grv(ume) — (gry(time) + ventyy) Hy, e

templso =
templsg = 332 346 day

Timey_soo L = 1f(LFLnat_bmthmg> SO%,If(templso <0 day,0 day,templso),999999999 day) Time; sgoqrm, = 10 000 x 108day

Time to Reach 100% LFL with loss of ventilation

templ g =

—hvol(time) gry(tume) — (gry(tlme) + ventu,) H; 100%
templ g9 = ~32 188 — 686 102:day

(gr'y(tlme) + ventbb) gry(tune) — (gry(tlme) + ventbb) Hy st

Time;_soosarr = W{LFLnat_breathung > 100%, f{temp1 109 < O day, 0 day,templ 10q), 999999999 day) Time; jopupr, = 10000 x 10°day

E-44 Process Engineenng
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PART 2
Determination of Headspace Gas Concentration in a Honzontally Oriented DCRT

Begin In1tiahzation Section for Part 2

time = 52 000 hr t1 =%

Hydrogen volume 1n headspace

12py = vol
VO Hzo VO mﬂ

vol2y, =1 23398°

Input Rate at which DCRT fills (flow2)
gal

flow, = 4 000 —
min

Volume of fill at start of phase 2
tvolyy = tvoly,, + flow time
tvol,,., = 1668 f°

Pumping time for phase 2
Im2 = tll‘nez

Im2 = 52 000 hr

Input rate at which saltwell pumping introduces hydrogen to the DCRT (gr,,;)}(mole/hter & convert to

ft3/hr
flow, SFsol2

- gr ——2 = 0026
Bool2 = Bls0) flow ﬁ3
hr
tt =0 hr hm?2
End Imtialization Section for Part 2
E-45 Process Engineenng
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Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(tme) = tvol — flow, time — tvol, hvol2(kim2) = 809 333 i [Eqn 4)
2
Wetted area of full DCRT (f2) 1x (_;1) o xdLe1546x 10°6 [Eqn 8]

Wetted area of horizontally oriented DCRT (ft2)

2
Vol = flow, time + tvol e, = L (ﬂj (o - sm(c) cos(a)) Reference Perrys Chemical Engineers [Eqn 9]
2 Handbook 5th Ed q

(a = 0 5" the overall angle)

flow, tt + tvol
,a{ The MathCad Ver 6 0 formula to solve for the angle

angle = 2 rooff ot — sm(or,) cos(oc) -

a\2
L{—= [Eqn 9b]
2
o =0deg Set the intal value for a
M [Eqn 10]

fowy %2 + Vo'

calculate the

2 &
L (ﬂ) JJJ wetted
2 _ surface

rr r
Awet(tt2) = L% 2 root"a - sm(a) cos(oc) -

:

L
(

a2 flowy tt2 + tvol (modified for
+2 —| [2]roofo — sm(oe) oos(a) - , O inthal
2 2
L d condition)
2

flow, 112 + tvol e
2

+-smy 2 i roof o — sm(a) cos(a) - »O

)

L R 4
Awet(0 hr) = 702 980 f? Check the answers
Awet(1 br) = 710 24082
Awet(lm2) = 1105 92612
Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/liter)
Nt NO
% 180 %2 A 200 O 27
mole mole mole gm
Inter hter hter liter
E-46 Process Engineenng
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Definition of the hydrogen production by corrosion (f per day)

- liter T
Hyo(t) = Rgpr [Awet(t) [(22 4 mole) (273 T K)]] (Eqn 10]
lnter T
€ = Reon (22 4 mole) (273 15 K) [Ean 11]
[Eqn 12}

Hyu(t) = (Awet(t) C)

Maximum hydrogen production rate from corroston (ft> per day)

Hyo (hm2 3
2(2) _ 213 Hyee( 1 br) = 01354

% day
dsy

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

1 1 [Eqn 13]
N0, 13 NO,1 13
Gezo =| 045 - 043 [NO;] [NO;] molecules Grppo = ~0 995 molecules
mole mole 100 eV 100 eV
liter Iter
molecules
Grzo = (G20 < Grzo, sats Gb120,_sats Crizo) Gppo = 0005 ooV
—Eaq molecules
G, = e TOC G, =002 ———
org kud xp(Rcomt TJ [ i Etoc_rad org 100 eV
mol
[ Harsd(® = (G20 + Gorg) Hioad | L1t finc % (tvolg + flow, 1) pyg [Eqn 14]
6 02 10 molecules

E = (Girzo + Gogg) (Hioaa flows) ( g_mol J

6 02 10% molecules [Eqgn 15]
mol
Eeonst = (G120 + Gocg) (Hioad Volumr) 2 [Ean 16]
602 10 molecules
T [Eqn 17

F =py, L Egn 17b

Phq L19%_frac (273 15 K) q ]

Hpag(®) =EtF + By F [Eqn 18]
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Maximum hydrogen production rate from radiolysis (ft® per day)

H, (lm? H,. 42 hr

Fonalm2) _ 1 o448 Pona@BD) 03
ﬂ3

(@J

&)

Defimtion of the hydrogen production by chemical reaction (f6 per day) Reference (Hu 1999) [Eqn19]

Haett) = Kien [TOC] Ege_ ten CAID * Lty g exp[—%J [P1q (low; t + tvoly) |

Rop T
_Eaﬂ]m
G =g [TOC] Erpe en ([ALD®* exp( ) flow, (Ean 201
Regpat T
04 ~Etym
Geonst = Ken [TOCT Eroe_mm ([AI])" " exp tvolyye [Eqn 20a]
- Reont T
Hy() = GF t + Gogpe F [Eqn 21]
Maximum hydrogen production rate from chemical reaction (ft3 per day)
Hy 4 (lim?2 Hy(2 br
Bl _ o756 B2 _ 6302
£ ) # ]
day day
Total hydrogen generation rate (f6 per day)
gry(t) = Hyor(t) + Hopg(t) + Ho(t) [Eqn 22)
3
gV = Hoor(6) + Hopag(t) + Hop (1) gry(lm2) = 0 014% [Eqn 23]
Maximum total hydrogen production rate (ft> per day)
Sum = gry(hm2) [Eqn 24]
Sum 6333
ﬁ3
&)
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Determine the relative amounts of hydrogen produced by each mechamism m percent

Corroston = 100 {Awet(lm2) C Sum™?) Corrosion = 63 881 [Eqn 25]
Radiolysis = 100 (B lm2 F + E gpq F) Sum™ Radiolysis = 13 434 [Ean 26]
Chemucal = 100 (G F Im2 + Gone F) Sum™ Chemical = 22 685 [Eqn 27]
Total = 100 Sum Sum™! Total = 100 000 [Ean 28]

Prepare equations for solution of ordinary differential equation
Accumulation = Input - Qutput

dVol2y,

Accumulation ==> = Vol2Yy,

Input ==> H2 released by salt well pumping + H2 generated
== gl + GO = grtot = gren + (Haor(t) + Hona(t) + Hog(1))
==> gy + (Awet(t) C + Et F+ gy F+ GF t + Gogpy F)

Qutput ==> H2 vented based on generation rate + vent rate + volume reduction
vol2y,

hvol2(t)

==> (grtot(t) + vr + ﬂOWz)
vol2i
(tvol ~ flow, t — tvol,n)

==> [ iz + (Awet(t) + EtF + Epuy F + GF t + Goong F) + vr + flow, ]

Solve (1 e, find voly = f(t) ) the following Inihial Value problem
vol'yot - for, - (g, + vy (volyayhvolp] = 0 where

voly, is the volume of H, (ft5) in the DCRT headspace at time t
vol o, = d(voly)/dt, the rate of change of the hydrogen volume in the tank headspace (f/day),
gr; (H2 generation rate (fi8/day)) vr, (DCRT ventilaton rate {ft¥/day)) and hvol, (DCRT

headspace volume(ft®)) are known functions of t
and the intial condition is volyy (0 days) = 0

E-49 Process Engineenng

Case 3-Worst Case H2&NH3-U-103 & U 106 c
dissolved H2 & CH4 to 244-U-hf mcd Mathca?z\?ggldt



RPP-4941 Rev 0 Appendix E

Author _,&Q'&@L Date / &%ﬁ oo Checked by \&} B Date | )'7 ?/ Qo

Imtial condition of the ODE ft3 of hydrogen m the tank headspace at time 0 (Set in mnput section)

vol2y, = 12339 i

Defimition of y' from differential equation

[Eqn 29]
mput(t) = [ groor + [(AWet(®)) C +Et F + Egppu F + G F t + Goopue F] |
+[(Awet(t)) C+EtF+E o F+ GFt + Gy F | + (vr + flow.
output(t) = [grson [( () const nst II ( 2) [Eqn 30}
hvol2(t)
D(t,volzm) = mput(t) ~ output(t) vol2mo [Ean 31]
! lm2
npomts = roundo: T evaluation points within the evaluation interval
Im2
t! =0 beginning of time interval = ——  end of time interval
sec
Z contains the values of voly, calculated at the evaluation
vol2 points by the 4th Order Runge-Kutta approximation [Eqn 32}
Z = rkfixed -———t?-,tl ,12,npots, D method for ordinary differential equations, expressed as
& an n column matnx [where n = order of the ordinary
differential equation + 1 (2 In this case yielding t & voly;
1 =1 npomts )]
t, =[ZO] sec  volzg, =[ZV] 82 [Eqn 33, Eqn 34]
vol2yy, = mput(t,) — output(t,) vol2y;, Definttion of vol ,y; in terms of t and volyx as defined [Eqn 35)
! ! by the differenfial equation
E-50 Process Engineenng
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DCRT Headspace Volume vs Time

4500

4000

headspace volume (fi3)

3000 :tgxx‘

2500 %

2000 1] 10 20 30 40 50 60
hours

6% DCRT headspace volume (f3)

DCRT H2 Inflow and Outflow Rates vs Time

§ 06
&
eooeeoeeooeoeee 0c
i EWM
@00®®
024 10 20 30 40 50 60
hours
¥6¢  fi3/day hydrogen mflow to headspace
€60 fi3/day hydrogen exhausted from headspace
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(ft3 ft3/day) hydrogen in headspace
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0 5 10 15 20 25 30 35 49 45 50 55
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018

volume % hydrogen
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Display tabulated results for first 24 hours of DCRT fill time 1 =0,1 %

Ha volume in EZ:::::?. Volume Hz Concentrahon H, Concentration Volume of liquid
time in Headspace  in Headspace in tank at tme
(hours)  Headspace (%) Headspace (ft¥/day) wolyme %) (% LFL) )

vol2'y,
vol2g, 3 \l = vol2p “'0121121 100 flow, t, + tvol,p,e

4 - = ft 100 L= 100 ——— —— =
5w [ ) [ )
0000] 1234 0 000 1668 103
1000] 71251 0400 0051 1279 1700103
2000| 1267 0 391 0053 1313 1733 109
3000 1283 0362 0054 1347 1765 103
4000 7299 0373 0 055 1382 1767 103
5000 1314 0364 0057 1418 1829 103
5000| 1320 0354 0058 1454 1861103
7000 1344 0344 0 060 1491 1893 103
8000| 1358 0334 0051 1529 1925 103
9000 1372 0324 0 063 1567 1957 103
70000| 1385 0313 0064 1605 1989 103
11000| 1398 0 302 0066 1645 2021163
120001 1410 0291 0 067 1685 2053 103
13000| 1422 0280 0069 1725 2085 103
74000 1434 0260 0071 1767 2118 103
15000| 1445 0257 0072 1809 2150 103
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DCRT headspace hydrogen concentration when the maximum fill level 1s first achieved
hm2 = 52 000 hr tune, = 52 000 hr Lim = 103 000 hr

100 VO]Zm(hm o l)
ey
hvol2(t1me2)

vol2;

Y%eHym = Y%Hyym = 0 170 volume % hydrogen [Eqgn 36]

merti™) 100

—_—— %LFLy,, = 4 255 % LFL based on hydrogen Eqn 3
hvol2(t1me2) 4 0. Tim o yarog [ q 7]

%LFLy,, = 100

Ultimate (steady-state) DCRT headspace hydrogen concentration

%Hy = -lio—(gm—hﬂz)—) %H,,,0 = 0 461 volume % hydregen [Ean 38]
gry(hm2) + vr
%ULFL, = %Hyo -!-g(-)- Y%LFL g, = 11 517 % LFL based on hydrogen [Eqn 39]
Tank Headspace Volume _—
t] = ——
hr

hvol2(lm2) = 809
Hydrogen generation rate

A
gry(m2) = 0 333 —
day
Barometric Breathing Rate
3
venty, = 00043 hvol2(lim2) venty, = 0 152?;

Determme 1If Steady-State concentration or concentration at end of pumping 1s hmiting

_ _ {flag = 0 pumping concentration imiing
flagum = f(%LFLyg; < %LFLyy,0,1) flagy, = 1 flag =1 steady-state imited)

Hydrogen concentration at loss of ventilation (greater of "end of pumping" or "final steady-state")
\J'012H2tl %Hye
Hy e = \l{ﬂagl.m =0, hvol2d i) 100 J Hp o = 0460667 %
Fimal H2 Concentration to meet 25% (NH3 and CH4 included)

NH, CH, NH,
Hz 2505 = ﬂ&ghm = 0,0 0004 | 25 - - ,0 0004 | 25 « —— H2 250 = 0406%
- %LFLN].B %LFLCH4 %LFLNH3 -
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Fmal H2 Concentration to meet 50% (NH3 and CH4 included)

H flagy,. = 0,0 0004 [ 50 - B ) 0 000s 50— 8 H 1406%
2 50% = A8 = Vs WLy %LFL s = YLFLygss 2 50% = o

Fmal H2 Concentration to meet 100% (NH3 and CH4 mcluded)

H _ o flag,. = 0,0 0004 | 100 - ——23 s ) o004 100 - = 3 406%
2. 100% B = 5 %LFLygs  %LFLogg )’ %LFLygg ) | 219%™ ’

Maximum %LFL with loss of ventilation

MIM) + NH;
gry(hm2) + ventyy) 04

LFLnat__breathmg = ( mnat_bteaﬂung =211786%

Time to Reach 25% LFL with loss of ventilation

temp225 = -1 400 day

-] I - T2 H
temmp2as = hvol2(lin2) gry(lm2) (ST'Y( ) + Vembb) 2_259/}

(err(um2) + venty,) | grr(tm2) - (gry(iim2) + ventyy} Hy g

Tune, zssrpr, = F{LFLys preathung > 25%,1£{temp2,5 < O day,0 day, temp2ys), 999999999 day)  Tume, ssar, = 0 000 day

Time to Reach 50% LFL with loss of ventilation

temp25° =

—hvol2(km?2) gry(im2) — (gry(im2) + ventyy) Hy 500
temp250 = 25872 day

(err(un2) + ventyy) | gry(im2) — (gry(lm2) + ventyy) Hy e

Tune, sooawrr, = F{LFLnat preathung > 50%, 1f{temp2s < O day,0 day, temp2sg), 999999999 day)  Time, 5o 405 = 25 872 day

Time to Reach 100% LFL with loss of ventillation

—hvol2(hm2) gry(lm2) — (gry(lm2) + venty,) Hz_loo'%}

femp2 =
P00 ™ orp(um2) + ventyg) | gey(hem2) — (gry(hm2) + venteg) H e

temp2 199 = 94 653 day

Tlmez__mo%LFL = 'f(LFLmt_bluihmg> 100%,1f(temp2 100 < 0 day,O d&y,tempZmo) 999999999 day) T1me2_100%LFL = 94 653 day
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-SL-M—MA-;RL DCRT 244-U Calculations based on worst case hydrogen generation and ammonia tank
CASE 3 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
- the utial condihon of the tank s 0% full
- this model calulates the remainder until fill s hit at 80% full with
pumping rate inttially of 4 gpm to 40% fuli
- immediate change in pumping rate of 4 gpm with no chance to come
to steady state H2 concentration

INPUT SUMMARY:
General Data
3
DCRT Ventlaton Rate vr =3 000%1_— Nitrate Concentration NO,; =3 180 r;:de
ter
Saltwell Waste Specific Gravty p = 1410 mole
b Nitnte Concentration NO, = 3020
Radiolytic Power of Waste wastepower = 1 481 —3 hter
fit sec
mole
inibal DCRT Hy Inventory volg = 00008 Aluminum Concentration Al = 1200-°=
0
> _ Nt
Ha Inventory Based on CGM?  flag,,, = "no TOC Concentration TOC = 12 781 ;ﬂ
iter
CGM Measurement CONCypy, cgmo = 0 000 %LFL
h Ammonia Concentration NH; = 14 850 %LFLyys

DCRT Waste Temperature T=304230K Methane Concentration CH, = 0 300 %LFLcy,

Penod 1

intial Flow Rate flow = 4 ooo-g-?-l- Time Pumped at Inttal Flow Rate time = 52 000 hr

imn
—5 mole tvOl,g
Hydrogen Carryover Rate gr..; motar = 3 297 x 107" —— Intial Fill Factor =0000%
- liter tvol
#
or gr,=0 026E
Penod 2
Second Flow Rate  flow, = 4000 gl Twne Pumped at Second Flow Rate  tim2 = 52 000hr
min
ﬂ3 tVOlmﬂ_z
Hydrogen Carryover Rate  gr, ;=0 026;; Intral Full Factor i 40 240%
(3)
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OUTPUT SUMMARY:

Period 1
Intial Flow Rate flow = 4 ooo-g-f'-l- Time Pumped at Inital Flow Rate tume = 52 000 hr
min
WOllmt
tnihal Fill Factor - =0000% Final Fili Factor fif = 40240%
0,
Intial Fill Volume  tvol,,, = 0 gal Final Fill Volume ffv = 12480 gal

Inthal H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c = 1245% Final Flammable Gas Concentration (%LFL) ffgc = 16395%

Ultimate (ss) H2 Concentraton (%LFL) uhh2ct = 6 769%

Ultimate (ss) Flammable Gas Concentration (%LFL) ubfgel = 21619%

Period 2
Second Flow Rate flow, = 4 000ﬂ Time Pumped at Second Flow Rate  Iim2 = 52 000 hr
min
tVOI,mQ
Inrhal Fill Factor o 40 240% Final Fili Factor fif2 = 80 479%
0
Inttial Fill Volume  tvol,,., = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inibal H2 Concentration (%LFL) 1h2¢2 = 1245%

Final H2 Concentration (%LFL) th2c¢2=4255% Final Flammable Gas Concentration  ffge2 = 19405%
Ulbmate (ss} H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
ubh2c2 = 11 517% uhfge2 = 26 367 %

Maximum %LFL with Loss of Ventilation  LFL.¢ preagung = 211 786 %
Time to Reach 25% LFL with Loss of Ventilation  Time, 5504 51, = 0 000day
Time to Reach 50% LFL with Loss of Ventilaion  Time, 59 4 1 = 25 872 day

Time to Reach 100% LFL with Loss of Ventlation Time; jogoarr, = 94 653 day

E 57 Process Engineenng
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APPENDIX A
CHECKLIST FOR INDEPENDENT REVIEW

Document QQPfoqq/ Kéuﬁ AQPMML E

Author D c Hagfg@?ggn, el al
Scope of Review

ﬁﬁgﬂ“&% £ Hydm?‘* G ey tron /@2—?‘*’

3
2
o

N/A
[ I*  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 m calculations explicitly stated 1n document

] Data checked for consistency with ongnal source information as

applicable
Mathematical derivations checked including dimensional 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 calculations

Software/Code 1nput correct and consistent with analysis documentation
Software/Code output consistent with mput and with results reported 1n
analysis documentation

Limuts/criteria/gmdelines applied to analysis results are appropriate and
referenced Lamits/criteria/guidelmes checked aganst references

Safety margins consistent with good engineering practices

Conclusions consistent with analytical results and applicable iimits
Results and conclusions address all points required 1n the problem
statement

] Format consistent with appropriate standards

‘{%]* Review calculations, comments, and/or notes attached

[1] Document approved

Stoven A ﬁ@rkef % M

Reviewer (Printed Name and Signature
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and attached to the checklist Such matenal should be labeled and recorded mn such a manner as

to be telligible to a technically qualified third party
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1 0 Background -

The solubilities of gases tn electrolyte (salt) solutions are important 1n chemical and biochemical
reaction engineering For example, the estimation of gas-hiquid mass transfer rate requires not
only the volumetnc mass-transfer coefficient but also the equilibrium liquid phase concentration
to be known With increasing salt concentration, gas solubility 1s 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 solubilittes 1n salt solutions in excess of 5 moles/L. However,
there are signuficant concerns 1n extrapolating the Schumpe model to saturated or near sawrated
salt solutions

An environmental and industnal safety 1ssue of stonng radioactive chemucal wastes 1n the 177
underground waste storage tanks 1s the presence of ammonia in many of these tanks Ammoma
has an JDLH (immediately dangerous to life and health) Iirrut of 300 ppm and an LFL (lower
flammability hirut) of 15 5% Therefore, 1t 1s important to understand the relationships between
ammonia 1n the hquid phase and the gaseous phase This information 1s needed to predict levels
of ammorua which can exist 1n the vapor spaces of tanks and which can be discharged from
storage tanks in exhaust ventilation air

Ammoma gas 1s very soluble 1n water and 1ts solubility as a function of temperature 1s well
documented 1n the literature  Some ammomna solubility data are avatlable for dilute salt solutions
However, very little data exust for saturated or near saturated salt solutions, which are simular to
some of the waste in Hanford underground storage tanks The results of a literature search 1s
given in Attachment C The exssting data indicate that ammonia solubility decreases as salt
solutions becomne more concentrated and ammona solubihty decreases with increases with
temperature (Reference 2) The measurements of Reference 2 made use of a fairly complex,
modified 1soteruscope This prece of equipment relied upon taking vapor samples to determine
the partial pressures of both ammonta and water and to calculate ammorna solubilities in vanous
salt solutions

More direct measurements of ammorna solubilities 1n high salt solutions are needed to vahdate or
correct the vapor pressure model and coefficients presented 1n Reference 1 and the Schumpe
model s use for mixed salt solutions above 5 molar concentrations

Henry’s Law states that the ratio of the equilibnum ratio of the concentration of a gas 1n solution
to 1ts vapor pressure above that solution 1s given by a constant, Henry’s Law constant The
Henry’s Law constant, per the Schumpe model, 1s a function of temperature and the 1oruc
composition of a water solution A discussion of this is given tn Reference 3 (Attachment B)

F-4
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2 0 Purpose

-

The purpose of this project 1s to measure the solubthty of ammonia in a concentrated salt solution
at room temperature A saturated salt solution which simulates the waste 1n the Hanford
underground waste tank 241-SY-101 was used The composition of thus stmulant approximates
that of simulant SY1-SIM-91A, which 1s given in Table 1 of Reference 2 Thus heterogenous
(sturry) 1s reported to have the following composition

Component Molanty {moles/L}) Weight %
NaOH 23 64
NaAlO, 22 122
NaNO; 37 220
NaNO, 32 154
Na,CO, 06 44
H,0 39.6
Total 1000

This slurry, after being mixed for a period of time, was filtered to obtain a saturated solution
without solids Ammonia solubility data from thus expenment can be used to validate or adjust
the Schumpe model (Reference 1) for predicting ammomna solubtlities 1n high salt solutions
Companisons to ammona solubilitres and/or ammorna vapor pressure obtained by vapor phase
measurements of Norton and Pederson (Reference 2) are also made to check for consistency with
the results of this expenment

F-5
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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 pnimary filter flasks was filled to approximately the same volume (between 300
and 400 ml) of water or saturated salt solution A thurd filter flask contained concentrated
ammoruum hydroxide solution was connected to the other two flasks as needed as a source of
ammorna vapor When not needed, the two pnmary flasks were 13olated from the thurd flask and
the atmosphere by use of a plug

Prior to the taking of data for the saturated salt solution descnbed above, the system was
checked, along wath analytical methods, using only water with dissolved ammornia or ammonium
hydroxide, which was added to one of two flashs of water In all tests, electric stirrers were used
to maximize mass transfer of ammoma between the liquid and vapor phases

It can be shown (Reference 3) that, for a system with a common equilibrium ammorua
concentration, the ratio of equilibnum concentrations of ammorua 1n two water based solutions at
the same temperature 1s equal to the ratio of their respective Henry’s Law constants In the case
of this experiment, the two water based solutions were water and a saturated salt solution.
Knowing from the literature the temperature dependent Henry’s Law constants for ammoma 1n
water, a Henry’s Law constant for ammomna in a saturated salt solution was calculated
(Reference 3) This Henry’s Law constant can then be used to relate the equiibrium liquid
concentration of ammonta 1n the saturated salt solution to 1ts equilibrium vapor pressure of
ammonmna above thus solution

Analvtical Methods

The analytes measured in this expenment and the analytical methods used include the following

Analvte Methods of Analysis

ammona spectraphotometry

hydroxide 1on pH meter

sodium 1on inductively coupled plasma (ICP)
alurmunate 1on inductively coupled plasma (ICP)
rutrate 1on spectrophotometry

nitnte 1on spectrophotometry

carbonate 1on matenal balance

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

Data and other informatton associated wath thus project were kept in a laboratory notebook Thus
information forms the basts for thts lab report Output from various instruments have been
referenced and applicable data reproduced in the laboratory notebook On-the-spot descriptions,
onginal spectra, computer outputs, and observations have been recorded in the laboratory
notebook

The composition of the salt solution used 1n this expenment 1s as follows

Molanty,
Analvte (Moales/L)
Ammona 4 64x1075 {maximun)
Hydroxide Ion 3 16
Sodium Ion 10 40

Aluminate Ion 0 69
Nitrate Ion 3 70
Nitrite Ion 2 B6
Carbonate Ion 0 60

Table 1 presents the calculations of the ratios of concentrations of ammonua in water to ammomna
1n the salt solution A plot of these data 15 given in Figure 2 The calculation of the ammomnia
Henry’s Law constant for the salt solution using the Schumpe model 1s givenin Table 2 The
calculation of the ammonia Henry’s Law constant for the salt solution using the measured “steady
state” ratio of ammonua concentration in water to that in the salt solution 15 given in Table 3
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Table 1

nd Water/Salt Cases

|

l

Table 1 Calculation of Resuits for WateriWater a

Water on Both Sides Note "NH, as N corrected from

1/10 000 difution
Left Side |Left Side Right Side |Right Side (Ratio of NH; on Left jRatio of pH on Left

Date/Time  |pH NH3, mg/L* |pH NH3, mag/l.* |to NH. on Right to pH on Right

378/99 1605 11 01 0 08} 10 95 Q 065 092 101

3/12/99 1010 i1 29 038 11 20 035 109 101

3/20/99 1540 11 24 035 11 22 03 117 . 100

3/24/99 2000 11 18 031 1113 028 111 100

Average 107 1 00

Water on Left Side and Salt Solution on Right Side Note ‘NH, as N corrected from
“One sample 1/10 000 and
one sample 1/20 000

Left Side |Left Side Right Side |Right Side |Ratio of NH, on Left

Date/Time  |Dilution |INH3_ma/L* |Dilution |NH3, ma/L* |to NH, on Right Notes

3/24/99 2030 [1/1 0 00}1H1 0 00 na NH; instailed

3/26/99 1730 |1/10 000 0 085/1/10 000 0 095 089

3/31/99 2030 [1/10 Q00 0 27!1/10 000 030 090

4/5/99 1600 (1/10 000 0 47{1/20 000 065 072

4/5/99 2045 NH; Removed

4/7/99 2030 [1/10 000 0445|1/10 000 039 114

4/8/99 1930 [1/10 000 0 485(1/10 000 036 135 T=23°C

4/9/99 1630 |1/10 000~ 0 525|1/10 000 0 395 133 T=24°C

4/10/99 1600 {110 000 0 465{1/10 000 038 129 T=23°C

4112/89 2000 |1/10 000 0 52]1/10 000 0 4075 128 T=23°C
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5 O Results

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

T Measur
Kh(AmmonIa,SaJt) =329 mOIES/(L-atm )

loul n hum ]

Kiammonia,say = 8.4 moles/(L~atm )

Therefore, the Schumpe Model under predicts the solubtlity of ammorna dissolved 1n the hughly
concentrated salt solution by a factor of 6 based on the measurements made in this project

6 0 Error Analys:s

Knowing when equilibrium or near equilibrium conditions were achueved 1s difficult to deterrmune
Once the source of ammoma (concentrated ammonum hydroxide) is 1solated from the system,
ammonia measurements will be taken every few days of the water and concentrated salt solutions
to determune rate of change of concentrations of the two solutions Thus would be complicated by
any potential paths of leakage of ammomna from the system  As equilibrnium conditions are
approached, replicate samples will be taken and analyzed for ammora to provide statistical
measures of the accuracy of the dilution and analytical methods used Mean values of results are
reported

7 O Discussion/Conclusions

The results of thus study show that the Schumpe model signuficantly under predicts the solubihity
of ammomnua in hugh salt solutions For a given concentration ammoma in a high salt solution, the
resulting equiibrium vapor pressure Is over predicted proportionally The result of over
prediction of ammonua 1n & vapor space would dnve excessive and hikely expensive measures to
prevent flammable gas mixtures and/or releases with are harmful to humans For high salt
solutions, actual hiquid phase measurements are needed for a given common vapor phase
concentration of ammonia to obtain an accurate prediction of an ammona Henry’s Law constant
for 2 given temperature The Schumpe model should not be used for tugh salt solutions
Additional measurements should be made for vanous high salt solutions of interest at a selected
range of temperatures
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General Assumptions
1 Maximum ammoma concentration found 1s used including RGS values If no value 1s

available for ammomia concentration 1n the hiquid waste, T ug/mL 1s used to avoid

division by zero problems 1n 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 during some core sampling

of tank waste

5 Unless ventilation rate 1n a DCRT exceeds 1 cfin, equlibrium ammomnia
concentrations 1n the DCRT vapor space can be used 1n place of that predicted by the
dynamic model for ammonia

6 For diffusion limited transfer of ammonta from a hquid into a vapor space, caustic
addition will not increase the vapor space ammomna above the equiibrium
concentration 1 the vapor space based on the solubility of ammon:a at a particular set
of waste conditions

RIS

General
The Schumpe model 1s used for the calculations of hydrogen, ammonia, and methane

solubility in tank waste Some preliminary measurements by the author at Washington
State Untversity-Tr1-Cities conclude that the Schumpe under predicts the solubihity (and
therefore over predicts the vapor space ammoma) of highly concentrated wastes (above 5
molar total tonic species) Therefore, where the WSU model 1s identtfied, a correction
factor to the Schumpe model has been applied to the Schumpe model Additional work 1s
being performed to define more accurately these correction factors When they are
available, these correction factors will 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 241-8SY-102 Thus 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 1s 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 126° F, the maximum temperature of 241-SY-101 waste during 1999

The 244-A DCRT 1s then filled to 80% (an additional 8400 gallons) at 20 gpm and a
ventilation rate of 3 ¢fh The end of fill % LFL contributions using the Schumpe model
for case 1 are

0 21% LFL hydrogen, 0 0% LFL methane, 18 9% LFL ammoma for a total of

19 1% LFL The end of fill % LFL contributions using the WSU model for case 1 are
0 21% LFL hydrogen, 0 0% LFL methane, 7 0% LFL ammoma for a total of

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

11 75% LFL hydrogen, 0 0% LFL methane, 18 9% LFL ammomnia for a total of

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

18 8% LFL

Case 2 Without considering ammonia 1n the 1 to 1 diluted waste from 241-SY-101 via
241-SY-102, the time from 25% to 100% LFL following the loss of ventilation 1s

51 days Considering 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 1s

45 days

Case 3 If the 244-A DCRT were 80% full of 1 to 1 diluted waste from 241-SY-101 via
241-8Y-102 and 1t leaked near its bottom to its cell, the maximum concentration of
flammable gases 1n the vault following loss of ventilation but continuation of natural
breathing would be 59 1% LFL from hydrogen and ammonia

DCRT 244-BX
Case 1 For a saltwell pumping rate of 4 gpm to fiil the DCRT from empty to 80% full

with the higher hydrogen generation rate from 241-BY-106 than from 241-BY-105 for a
ventifation rate of 3 cfh, the % LFL hydrogen for end of fill 1s 7 0% LFL and the % LFL
hydrogen for steady state 1s 12 2% The time from end of fill to 95% of steady state

% LFL hydrogen 1s 577 hours Smce hydrogen generation rate within the waste
dominates the dissolved hydrogen contribution from the entering waste, increasing the
waste feed rate does not increase the vapor space hydrogen concentration in the DCRT

Case 2 Upon loss of ventilation, the time from 25% LFL hydrogen to 100% LFL
hydrogen 1s 97 7 days

Case 3 The end of fill % LFL contributions 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 contributions 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 contnibutions using the Schumpe model for case 1 are

12 2% LFL hydrogen, 0 0% LFL methane, 14 7% LFL ammoma for a total of

26 9% LFL The steady state % LFL contributions 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 contrtbutions 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 ammomnia for a total of
21 8% LFL

The steady state % LFL contributions 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 ammoma 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, %LFI., Steady State H2, %LFL
BY-106 to 244-BX 3 cfh 70 122

Case 6 If the 244-BX DCRT were 80% full of 241-BY-106 waste with the ammoma
concentration of the 241-BY-105 waste and 1t leaked near its bottom to its cell, the
maximum concentration of flammable gases n the vault following loss of ventilation but
continuation of natural breathing would be 29 0% LFL from hydrogen and ammonia

DCRT 244-S
Case 1 The base case considered 1s the saltwell pumping rate of 4 gpm to fiil 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
241-8-107 For a ventilation rate of 5 cfh, the % LFL hydrogen for end of fill 1s 20 2%
LFL and the % LFL hydrogen for steady state 1s 33 1% The time from end of fill to 95%
of steady state % LFL hydrogen 15 212 hours

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

Case 3 The vapor phase equilibrium ammoma concentration from 241-SX-103 waste 1in
the 244-S DCRT 1s calculated using the Schumpe model to be 138% LFL The vapor
phase equilibrium ammoma concentration from 241-SX-105 waste 1n the 244-S DCRT 1s
calculated using the Schumpe model to be 110% LFL The vapor phase equiltbrium
ammonia concentration from 241-SX-102 waste 1n the 244-S DCRT is calculated using
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the Schumpe model to be 72% LFL Therefore, the third ghest vapor phase ammoma
from 241-SX-102 1s used Ths excludes the saltwell pumping of 241-SX-103 and

241-8X-105 without better modeling of the ammonia in these wastes Using the
ammomna from 241-SX-102, the dissolved hydrogen from 241-SY-107, and the hydrogen
generation from 241-SX-105, the end of filt % 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 ammon:a for a total of

94 3% LFL The end of fill % LFL contributions 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 contributions using the Schumpe model for case 1 are

33 07% LFL hydrogen, 0 0% LFL methane, 72 15% LFL ammonza for a total of

105 2% LFL The steady state % LFL contributions using the WSU model for case 1 are
33 07% LFL hydrogen, 0 0% LFL methane, 12 0% LFL ammoma for a total of

45 1% LFL

Case 4 Since hydrogen generation rate within the waste dominates the dissolved
hydrogen contribution from the entering waste, increasing the waste feed rate does not
increase the vapor space hydrogen concentration n 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
mteroffice memo 74B50-99-002, March 3, 1999) 1s considered added at 115 gpm to the
244-S DCRT (ventilation rate of 3 cfh), which 1s inttially 13% full of the same waste
The end of fill % LFL contributions using the Schumpe model for this 222-S Lab waste
case are

0 02% LFL hydrogen, 0 0% LFL methane, 0 48% LFL ammonia for a total of
0 5% LFL

The steady state % LFL contnibuttons 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
54% LFL

Case 6 The defined wastes from the Active Catch Tanks (defined in Lockheed Martin
Hanford interoffice memo 74B50-99-105, December 3, 1999) 1s considered added at 120
gpm to the 244-S DCRT (ventilation rate of 3 cfh), which 1s initially 10% full of the same
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waste The end of fill % LFL contributions 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 ammoma for a total of

0 02% LFL

The steady state % LFL contributions using the Schumpe model for this waste from the
Active Catch Tanks case are

5 0% LFL hydrogen, 0 0% LFL methane, 0 0025% LFL ammon:a for a total of
50%LFL

Case 7 Waste like the current heel in 244-8 DCRT (defined 1n an e-mail message from
Paul Kison to Mike Grigsby et al , November 29, 1999) 1s considered added at 4 gpm to
an empty 244-S DCRT until 1t 1s 80% full (ventilation rate of 3 cfh) The end of fill %
LFL contributions using the Schumpe model for this 244-S DCRT heel waste case are

0 56% LFL hydrogen, 0 0% LFL methane, 0 29% LFL ammonia for a total of

0 85% LFL

The steady state % LFL contributions using the Schumpe model for this 244-S DCRT
heel waste case are

5 37% LFL hydrogen, 0 0% LFL methane, 0 29% LFL ammomia for a total of
5 7% 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 1s 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 8-101, S-102, S-103, S-106, $-107, §-109,
$-111, §X-101, SX-102, SX-103, SX-104, SX-105, and SX-106 No best basis or tank
characterization data exist for S-112  Vapor phase ammonia 1n the 244-S DCRT
containing waste from 241-SX-105 over the range of temperatutes from 70 to 170
degrees Fahrenheit at the ventilation rate of 3 cfh are given in Table S8-1 for the
Schumpe model and 1n Table S8-2 for the WSU model Tank 241-SX-105 was selected
because 1ts waste has the lowest ammomnia solubility In other words, its ammomia vapor
pressure 1s greatest for a given ammoma concentration

Case 9 The bounding case for the maximum concentration of dissolved hydrogen 1n
waste that could be transferred at 4 gpm to 244-S DCRT was determuned to be S-107
The calculated DCRT post fill and steady state hydrogen concentrations are

I'ransfer Route Vent Rate Post Fill H2, %I FI. Steady State H2. %LFL
$-107 to 244-S 3 c¢th 150 53
S-107 to 244-S 5cfh 143 32
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Case 10 Ifthe 244-S DCRT were 80% full of 241-SX-105 waste with the ammoma
concentration of the 241-SX-102 waste and 1t leaked near 1ts bottom to 1ts cell, the
maximum concentration of flammable gases in the vault foliowing loss of ventilation but
continuation of natural breathing would be 109 2% LFL from hydrogen and ammoma

If the 244-S DCRT were 80% full of its current heel waste and 1t leaked near its bottom
to 1ts cell, the maximum concentration of flammable gases 1n the vault following loss of
ventilation but continuation of natural breathing 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 1s 43 0% LFL and the
% LFL hydrogen for steady state 1s 7 1% The time from end of fill to the lower value of
105% of steady state % LFL hydrogen 1s 1242 hours

Case 2 Upon loss of ventilation at end of fill, the time from 43% LFL hydrogen to 100%
LFL hydrogen 1s 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 ammoma for a total of

52 9% LFL

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

7 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammoma 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 toJ N Strode, January 6, 1999) contatns the 10ns of sodium, hydroxide,
tutrate, and mitrite but no ammoma, cesium-137 or total organic carbon Therefore, this
waste can be modeled as water since water 1s conservative for wastes with corrosion as
the exclusive mechanism for the generation of hydrogen The end of fill % LFL
contributions using the Schumpe model for this PFP waste case are

0 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammoma for a total of
0 1% LFL
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The steady state % LFL contributions using the Schumpe model for this PFP waste case
are

7 1% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammonmnia for a total of
7 1% LFL

Case 5 The steady state % LFL contributions from loss of ventilation using the Schumpe
model for a 10% waste heel from 241-T-110 1n the 244_TX DCRT are

10 2% LFL hydrogen, 0 0% LFL methane, 0 0% LFL ammomna 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-110
The calculated DCRT post fill and steady state hydrogen concentrations are

Transfer Route Vent Rate Post Fill H2, %LFL  Steadv State H2. %ILFL

T-110 to 244-TX 3 cth 430 71

Case 7 If the 244-TX DCRT were 80% full of 241-T-110 waste and 1t leaked near 1ts
bottom to 1ts cell, the maximum concentration of flammable gases in the vault following
loss of ventilation but continuation of natural breathing would be 32 5% LFL from

hydrogen

DCRT 244-U

Case 1 The base case considered 1s the saltwell pumping rate of 4 gpm to fill the DCRT
from empty to 80% full with the lighest 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 ventiiation rate of 3 cfh, the % LFL hydrogen for end of fill 1s

4 3% LFL and the % LFL hydrogen for steady state1s 11 5% The time from end of fill
to 95% of steady state % LFL hydrogen 1s 680 hours

Since hydrogen generation rate within the waste dominates the dissolved hydrogen
contribution from the entering waste, increasing the waste feed rate does not increase 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 time from 25% LFL hydrogen to 100% LFL
hydrogen 1s 106 days
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Case 3 The vapor phase equilibrium ammoma concentration from 241-U-103 waste 1n
the 244-S DCRT 1s 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 contributions using the Schumpe model for case 1 (ventilation rate of 3
cth) are

4 26% LFL hydrogen, 0 3% LFL methane, 14 85% LFL ammoma for a total of
19 4% LFL The end of fill % LFL contributions using the WSU model for case 1 are
4 26% LFL hydrogen, 0 3% LFL methane, 2 48 % LFL ammomnia for a total of

7 0% LFL

The steady state % LFL contnibutions 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 contributions using the WSU model for case 1 are
11 52% LFL hydrogen, 0 0% LFL methane, 2 48% LFL ammoma for a total of

14 0% LFL

Case 4 Since hydrogen generation rate within the waste dominates the dissolved
hydrogen contribution from the entering 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, 20, and 30 gpm feed rates to the 244-U DCRT
(ventilation rate of 3 cth)

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 charactenization data exist for U-111 Vapor
phase ammomna 1n 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 U5-1 for the Schumpe model Tank 241-U-108 was selected because 1ts waste
has the lowest ammomnia solubility of these tanks In other words, 1ts ammonia vapor
pressure 1s greatest for a given ammonia concentration and temperature

Case 6 The bounding case for the maximum concentration of dissolved hydrogen in
waste that could be transferred at 4 gpm to 244-U DCRT was determined to be U-106
The calculated DCRT post fill and steady state hydrogen concentrations are

Transfer Route Vent Rate Post Fill H2, %LFL  Steady State H2, %LFL

U-106 to 244-U 3 cth 41 107

Case 7 If the 244-U DCRT were 80% full of 241-U-103 waste with the ammoma,
concentration of the 241-U-103 waste and 1t leaked near its bottom to its cell, the
maximum concentration of flammable gases 1n the vault following loss of ventilation but
continuation of natural breathing would be 27 5% LFL from hydrogen and ammonia
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Date [Zgé[& o

Checked DYW Date M

SUME[ARY‘ DCRT 244-A  Modtfied for 244-A DCRT Calculatons based on worst case hydrogen
CASE 1 generaton and ammonia tank 241-8Y-101 diluted 1 1
- the inthal condiion of the tank 1s 33% full
- this model calulates the remainder unt! filled to 80% fuli with
pumping rate of 20 gpm (Ventilation rate of 3 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate =3 OOO-h? Nitrate Concentration NO; = 1 400 ™
€r
Saliwell Waste Specific Gravity p = 1300 mole
b Nitrite Concentration NO, = 1680
Radiolytic Power of Waste wastepower = 1 579 Iter
fi sec
mole
Inthat DCRT H, Inventory vohyy = 00008 Alurninum Concentration Al=07107
0
Hz Inventory Based on CGM?  flag, g, = "no TOC Concentration TOC = 4 140 fﬂ'
iter

CGM Measurement

CONCLpy, como = 0 000 %LFL
- Ammonia Concentration

NH; = 18 910 %LFLyys

DCRT Waste Temperature T =325350K Methane Concentration CH, = 0 000 %LFLeyys
Period 1
Inial Flow Rate  flow = 20 000—53all Time Pumped at Inttal Flow Rate  time = 4 000hr
min
tvol
Hydrogen Carryover Rate gr.; potar =0 0{)0&)!—e inthal Fill Factor 2% = 33000%
- liter tvol
ft3
or = 0 000 —
Eleol hr
Period 2
Second Fiow Rate  flow, = 20 000 gl Time pumped at Second flow rate  lim2 = 3 000hr
mn
ﬂs tVOquQ
Hydrogen Carryover Rate  gr,p» = 0000 o Inal Fill Factor = 59893%
tvo

Case 1 1to1 dilution of SY-101 to 244-A
DCRT hf med

A-1-2

Process Engineenng
CH2M HILL
Mathcad v2000+
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Author M:_ﬁégg@& Date (/26 /00 Checked by W Date //2¢/®

OUTPUT SUMMARY:
Perniod 1
Inthal Flow Rate flow = 20 000 ég-f-l- Time Pumped at Inital Flow Rate time = 4 000 hr
min

ol

Initial Fill Factor - ';"t =33 000% Final Fill Factor fif = 59 893 %
0

Inthal Fill Volume  tvol,,, = 5890 gal Final Fill Volume fiv = 10690 gal

Inhal H2 Concentration (%LFL) h2c = 0 000%
Final H2 Concentration (%LFL} fh2c = 0 069% Final Flammable Gas Concentration (%LFL) ffgc = 18979%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 8 939%

Ultimate (ss) Flammable Gas Concentration (%LFL)  uhfgel = 27 849%

Pehod 2
Second Flow Rate  flow, = 20 000 &l Time pumped at Second Flow Rate Im2 = 3 000 hr
min
tVOl,mQ
iniial Fill Factor — =59893% Final Fili Factor fif2 = 80 062 %
()
jnial Fill Volume  tvol, ¢, = 10690 gal Final Fili Volume ftv2 = 14290 gal

Inthal H2 Concentration (%LEL) 1h2¢2 = 0 069 %
Final H2 Concentration (%LFL) fh2c2 =0205% Final Flammable Gas Concentration (%LFL) ffgc2 = 19115%

Ultmate (ss) H2 Concentration (%LFL) uhh2¢2 = 11 751%
Ultimate (ss) Flammable Gas Concentration (%LFL)  ubfge2 = 30 661 %
Maxamum %LFL with Loss of Ventlation  LFL 4 preattung = 345 497 %

Time to Reach 25% LFL with Loss of Ventilation Timey 25951, = 0 000 day
Time to Reach 50% LFL. with Loss of Ventlation Timey sooupn, = 11 548 day
Time to Reach 100% LFL with Loss of Ventlation Time, 99051, = 45 091 day

Case 1-1to1 dilution of SY-101 o 244-A

-1- Process Engtneering
A-1-3 CH2M HILL

DCRT hf med Mathcad v2000+
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Amhorwyé« Date I/ a?é// oo Checked by W w Date //20/0°

SUMMARY:
DCRT 244-A  Modified for 244-A DCRT Calculations based an worst case hydrogen
CASE 1 generation and ammonia tank 241-SY-101 diluted 1 1 WSU model for
ammonia
- the inthal condition of the tank 1s 33% full
- this model calulates the remainder untl filled to 80% full with
pumping rate of 20 gpm (Ventilation rate of 3 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate vr=3 oooir- Nitrate Concentration NO; = 1 400 ”
ier
Saltwell Waste Specific Gravity p = 1300 mole
b Nitrite Concentration NO, =1680
Radiolytic Power of Waste wastepower = 1 579 —— liter
ft sec
mole
Inttal DGRT H, Inventory Vol = 000083 Aluminum Concentration  Al= 07107
[
Hz lnventory Based on CGM?  flaggy, = "no” TOC Concentration TOC = 4 140 fﬂ
tter
CGM Measurement CONCLFY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 7 010 %LFLyps
DCRT Waste Temperature T = 325350k Methane Concentration CH, = 0 000 %LFLcgzq
Perniod 1
Inial Flow Rate flow = 20 Ooo—gfl— Time Pumped at Inital Flow Rate  time = 4 000 hr
mun
mole tvol
Hydrogen Carryover Rate  gr,.; ;014 = 0000 Initial Fill Factor = 33 000%
= liter tvol
ﬁ3
or gl'sol = 0 000'};‘
Penod 2
Second Flow Rate  flow, = 20 600 &l Time pumped at Second flowrate  hm2 = 3 000hr
min
ﬁ3 tVOInutZ
Hydrogen Carryover Rate  gr_;» = 0000 po Inthal Fill Factor = 59893%
tvo

A-1-4 Process Engineering
Case 1-1to1 dilution of SY-101 to 244 A CH2M HILL
DCRT-WSU hf med Mathcad v2000+
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Author ﬁgﬁ%& Date 1[,2%100 Checked by W Date ¢/3¢/00

OUTPUT SUMMARY:
Peniod 1
Intial Flow Rate  flow = 20 000 % Time Pumped at Intal Flow Rate  tume = 4 000 hr
Inthal Fill Factor tv:::“ = 33 000 % Final Fill Factor fif = 59893%
Intbal Fifl Volume  tvol,,,, = 5890 gal Final Fifl Volume ffv = 10690 gal

inihal H2 Concentration (%LFL) 1h2c= 0000%

Final H2 Concenfration (%LFL) fh2c = 0 069% Final Flammable Gas Concentration (%LFL) ffgc=7079%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 8 939%

Ulhmate (ss) Flammable Gas Concentration (%LFL)  uhfgel = 15949%

Period 2
Second Flow Rate  flow, = 20 000 -551- Time pumped at Second Flow Rate hm? = 3 000 hr
min
2°s) FEN
Inthal Fill Factor vl =59893% Final Fil} Factor fif2 = 80 062 %
(s]
Inial Fill Volume  tvol,,» = 10690 gal Final Fill Volume ffv2 = 14290 gal

Inihai H2 Concentration (%LFL) th2c2 = 0 069 %
Final H2 Concentration (%LFL)  fh2¢2 =0205% Final Flammable Gas Concentration (%LFL) ffge2 = 7215%

Ulimate (ss) H2 Concentration (%LFL) uhh2c2 = 11 751%
Ulbmate (ss) Flammable Gas Concentration (%LFL)  uhfge2 = 18 761%
Maximum %LFL with Loss of Ventilaion  LFL,.¢ preattung = 343 712%

Time to Reach 25% LFL with Loss of Venhlation Time, 2595, = 3 650day
Time to Reach 50% LFL with Loss of Ventilation Tume, sooqp, = 19 015 day
Time to Reach 100% LFL with Loss of Ventlation Timey 1900rn = 54 020 day

Pracess Engineering
Case 1 1to1 dilution of SY-101 to 244 A A-1-5 CH2M HILL
DCRT-WSU-hf med Mathcad v2000+



RPP-4941 Rev 0 Appendix G

This page 1ntentionally Teft blank

A-1-6



®  RPP-4941 Rev 0 Appendix G

244-A-DCRT

CASE 2

A-2-1



/

;

RPP-4941 Rev 0 Appendix G

L C M%Date NEIAE

/

Author
/

Checked by W/M Date _/ /26 /oo

r 4

00+30000 |G03ILELE +$0 36%6 6 00+3GET 8 Z0 30¢E - sueyiaiN| vE
00+30000 (4039801 $03L9C L 00+ 3E6E S 203040 € uaBoIpAH| €€
zO0 305C € 00+36€8 € |1L0+38L8 L 00+3ETS € 203018 v 1038¥C L BIUOWIWY} TC
une ‘4 Jed N § AluaH Te amBifjow) |3esd/1ai1em) () u { bt} Ysejowb 1€
EHNI wie (byow| N 18ieM aind adwnyos adwnyoss 0t
G8L01 INd 62
QLLLLLLYS } 8¢
5 J Baspi _ LT
1 aumendud | 9z
g otel g +4 1D} 1] 5¢
4 bap Q0ElL {gwy/Bx} Ausuap pinbij ¥2
amesaduwal 0T9 O bij ur Jaiem uoildel} SSBN) E2
(A4
860 L £9 Ol X4
abBelony 0T
000 0O 69200 00+30000 |916 64 1-id] 61
000 0 +8£00 00+30000 |[¥69 L+1] 81
G000 8100 gL 0 g4y S P10l L1
C00 0 260 0 00+30000 |61 1L 4t 91
100 0 LilL O £0329l L 9,50 96 7 ¥0S| 81
L0000 61120 Z03689¢ € 9/96 v6 e vOod| vl
6€0 0 gL O LT 0 Z600 09 Z €021 EL
gEL O G6L00 89 1 §600 9V L CONI T
zZe00 0 $24000 0 sueIRN{8LO O 8CL0 0 ot L 8100 ¢9 t EONL LY
81200 662000 0 ualbolpAH{0L0 O 6E£80 0 ¥8 O +L00 L1 1 HO| OL
18900 0 zILOWILY |900 O 22600 90 0 60 6€ P+ 6
Q00 0 +691L 0 YO ITLL S 1L 88 Z+W]| 8
{09y Ly sen{100 0 8¥90 0 7203809 1 [A] g+1D1 L
00 0 LotL O £03G6ET L g8 68 g+9d| 9
LovLLveL O 51 0 tLLT O 140 86 9¢ g+iv| 4
J/sajowd (9661) adwnuog 1B Jo5iaquUasiam woldiET9 0 evil 0 Sy S 66 TC L+HEN| ¥
qzZ1e uonnip L 1 €
jwyin 12,4 1y {fsajow) 12 MW uotl ¢
EHN 0 uoisiasy 86/L1/E0 a1ed| V.1va LNdNI LOL-AS qjuetl L
| H o d E| d 2 g v

/

A-2-2



RPP-4941 Rev 0 Appendix G

Author _q_ﬁ 6 wh/o,\m- Date I /26 /2© Checked by W Date _//26{ 00

SUMMARY:
DCRT 244-A Modified for 244-A DCRT Calculations based on worst case
CASE 2 hydrogen generation and ammonia tank 241-SY-101 diluted
Reactvity Coef 07 11
- the inhal condition of the tank 1s 33% full
- this model calulates the remainder uniil filled to 80% full
with pumping rate of 20 gpm (Ventiation rate of 3 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate vi=3 OOOEr- Nrtrate Concentration NO; =1 400;—
ler
Saltwell Waste Specific Gravity p =1 300 mole
b Nntrite Concentration NG, =1680
Radiolytic Power of Waste wastepower = 1 579 ; liter
ft sec
mole
Inital DCRT H, Inventory volygy = 0000 # Aluminum Concentration Al=0710 -
0
H, Inventory Based on CGM?  flagegy, = "no" TOC Concentration TOC = 4 14Ofﬂ
1ter
CGM Measurement CONCLFY, cgmo = 0 000 %LFL
- Ammonia Concentration NHj = 0 000 %LFLypys
DCRT Waste Temperature T=325350K Methane Concentration CH, = 0 000 %LFL ¢y
Penod 1
Inthial Flow Rate flow = 20 000 E}- Time Pumped at Inttal Flow Rate  time = 4 000 hr
min
ol
Hydrogen Carryover Rate  gr.; motar = 0 000 mole Inthal Filt Factor 2 33000%
- Liter tvol
8
or g = 0000 "h?
Period 2
Second Flow Rate  flow, = 20 000 ﬁl— Time pumped at Second flow rate 2 = 3 0COhr
min
ﬂs tVOImItZ
Hydrogen Carryover Rate  gr,.;» = 0 000 o Intial Fill Factor e 59893%
0.
Process Engineering
Case 2—1to1 dilufion of SY-101t0 244 A CH2ZM HILL
DCRT-without NH3 hf med Mathcad v2000+
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OUTPUT SUMMARY:
Penod 1
Inthal Fiow Rate flow = 20 0600 % Time Pumped at Inital Flow Rate time = 4 000 hr
iniial Fill Factor Wt:::;"t =33 000% Final Fill Factor fif = 59893 %
Inial Fill Volume  tvol,,, = 5890 gal Final Fill Volume fiv = 10690 gal

Inhal H2 Concentration (%LFL) ih2c=0000%

Final H2 Concentration (%LFL) fh2c =< 0069% Final Flammable Gas Concentration (%LFL) ffge = 0 069%

Ulbmate (ss) H2 Concentration (%LFL} uhh2c]l = 8 939%

Ultimate (ss) Flammable Gas Concentration (%LFL)  uhfgcl = 8939%

Penod 2
Second Flow Rate flow, = 20 000 el Time pumped at Second Flow Rate hm2 = 3000hr
min
tVOIu“tz
Initial Fili Factor — = 59893% Final Fill Factor fif2 = 80 062 %
(e]
inthal Fill Volume  tvol,,,, = 10690 gal Final Fill Volume ffv2 = 14290 gal

Inthal H2 Concentration (%LFL) 1h2¢2 = 0 069%
Final H2 Concentration (%LFL)  fh2c2 = 0205% Final Flammable Gas Concentration (%LFL) ffge2 = 0205%

Ultmate (ss) H2 Copcentration (%LFL) vhh2e2 = 11 751%
Ulimate (ss) Flammable Gas Concentration {(%LFL) uhfge2 = 11 751%
Maxamum %LFL with Loss of Ventlatior  LFL ¢ preathung = 342 660 %

Tune to Reach 25% LFL with Loss of Ventilaton Tmney g5y . = 7 836 day
Time to Reach 50% LFL with Loss of Ventilaton Timey sgoi g1, = 23 555 day
Time to Reach 100% LFL with Loss of Ventilation Time, 000ar1, = 59 481 day

Process Engineering
Case 2--1to1 dilution of SY-101 to 244-A CH2M HILL
DCRT-without NH3-hf mcd Mathcad v2000+
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SUMMARY:
DCRT 244-A Modified for 244-A DCRT Caicuiations based on worst case
CASE 2 hydrogen generation and ammonia tank 241-8Y-101 diluted 1 1
Reactivity Coef 07 - the inthaf condition of the tank 1s 33% full
- this model calulates the remainder until filled to 80% full with
pumping rate of 20 gpm (Ventilahon rate of 3 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventilahon Rate vr = 3 000 o Nitrate Concentration NO; = 1400 ter
Saltwell Waste Specific Gravty p = 1300 mole
b Nitrite Concentration NO; = 1680 —
Radiolyic Power of Waste wastepower = 1579— hiter
fi sec
mole
Intial DCRT H, Inventory Vol =0 0003 Aluminum Concentraton Al=0710 T
o
H Inventory Based on CGM?  flag ., = "no" TOC Concentration TOC = 4 140 _lg
iter

NH3 = ]8 QIO%LFLN;B

CH, = 0 000 %LFL g

CGM Measurement CONCLEY, cgmo = 0 000 %LFL
" Ammonia Concentration
DCRT Waste Temperature T =325 350K Methane Concentration
Penod 1

flow = 20 000-22L
min

Inhal Flow Rate

mole
Iiter

Hydrogen Carryover Rate  gry n1, = 0 000

3

Time Pumped at Inital Flow Rate  time = 4 000 hr

(V) J"

Inthial Fill Factor = 33 000%

tvol

Period 2

Second Flow Rate flow, = 20 000 -’-"’31-
min

3
Hydrogen Carryover Rate gr_;,=0 000%

Time pumped at Second flowrate  hm?2 = 3 000hr

tvol 1it?
tvol

Inthal Fill Factor =59893%

Case 2—1to1 difution of SY-101 to 244-A
DCRT-with NH3 hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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OUTPUT SUMMARY:

Penod 1
gal

min

Inihal Flow Rate flow = 20 000

Ollmt

Intial Filt Factor = 33 000%

tvol

Intial Fill Volume  tvol,,,, = 5890 gal
Inhal H2 Concentration (%LFL) 1h2¢ = 0000%
Final H2 Concentration (%LFL) fh2c =0069%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 8 939%

Ultimate (ss) Flammable Gas Concentration {(%LFL)

Checked by W Date //.26/50

Time Pumped at Intal Flow Rate time = 4 000 hr
Final Fill Factor fif = 59893%
Final Fill Volume fiv = 10690 gal

Final Flammable Gas Concentration (%LFL) ffgc = 18979%

uhfgel = 27 849%

Penod 2
gal
Second Flow Rate  flow, = 20 000 =
mimn
tvolna
Inthal Fill Factor = 59893 %
tvol

initial Fill Volume  tvol,,,» = 10690 gal

Inihial H2 Cencentraton (%LFL)
#inal H2 Concentration (%LFL)

th2¢2 = 0 069 %
th2e2 =0205%

Ultimate (ss) M2 Concentration (%LFL) vhh2c2 = 11 751%
Ulbmate (ss) Flammable Gas Concentraton (%LFL)
Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Ventlaton
Time to Reach 50% LFL with Loss of Ventlation
Time to Reach 100% LFL with Loss of Ventitation

Time pumped at Second Flow Rate ~ Im2 = 3 000hr
Final Fili Factor fif2 = 80062 %
Final Fill Volume fiv2 = 14290 gal

Final Flammable Gas Concentration (%LFL) ffge2 = 19115%

uhfge2 = 30 661%
LFLaout preathung = 345 497%

Tll'nez_zsm = 0000 day
TmleZ_SO%LFL = 11548 day
Timey j990s01 = 45 091 day

Case 2—1to1 dilution of SY-101 to 244-A
DCRT-with NH3-hf mcd

Process Engineening
CHZM HILL
Mathcad v2000+
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CASE 3

A31
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MnEHILL

Haokwd Group, e
* L4
Determination of Headspace Gas SA Barker
[ * ® [ ]
Concentration in a Vertically Oriented DCRT...
Input Data
Input diameter of DCRT (d) DCRT 244-A  Modified for 244-A DCRT Vault Case
CASE 3 {Ventilation rate of 3 cfh) 1 to 1 dilution of SY-101
B W-«-Qb ¢§%
Input length of DCRT (L)
R
Input rate at which the DCRT fills (flow) (mmimum should be a touch gereater than 0,1¢ 1x10-6)
Foffoediod bl
e it flow = 2228 x 107 % sec ! flow _ g021x 107
E: »\3%%:. ":.':E:"-\'- [ﬂ]
Higher Input flow rate hr
%ﬁ%}%@fﬁi‘% - 3% flow, = 2228 107 &' seo 2% 8021 107
i
Calculate total DCRT volume (tvol) (E}
2
tvol =L = G—) Assume DCRT has flat ends [Eqn 1]
tvol = 6202 8°
Volume of fill at start of pumpin
%?3 “&‘%3&'-:1 % ¢:€ ,\ 3 i ‘
ﬁfﬁ%&%«%@%‘% ol D tvoly, = 1910 x 10°H3
Wl
Time at start of pumpmng rate 2 (MUST be an INTEGER)
i sty
RS B, S i
Time at pumping rate 2
YO, bt U
s
Volume of fill at start of pumping rate 2
tvoly = tvoly,, -+ time flow tvol, = 19108°
Process Engineering
Vault-1to1 dilution of SY-101 to 244 A DCRT- CH2M HILL
hf med Mathcad v2000+
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volmo = d[ﬂagcgm = "yes" ,cONCHy com (tvol - tvolm),volmo]

voly, = 0 000f° <==== Intal volume of H2 in Headspace
L}

Input Ammonia Concentration

WQ@?@W (Reference )

Input Methane Concentration

LGl B QOO QO | D i
%&ﬁz@W (Reference )
R 3 el h i, &

End of Input Section
Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t — tvol,y, hvol(lm) = 4 292 x 10° & [Ean 4]
2
Wetted area of full DCRT (horizontal orientation) (ft2) 2x (%) + = dL = 2080 [Egn 8]

Wetted area of vertically orented DCRT (ft2)

. (SJ2 end flow t + tvol,;, = (E)z . 4 (ﬂOW t+ tVOlmu) [Eqn 8]

\2 2 d
1‘ —
&)

Awet(t) = 1715

[Ean 9]
Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 1715 x 10°#2
Awet(0 hr) = 1715 x 10° 82 Check the answers
Awet(] hr) = 1715 x 10° 1 Awet(lm) = 1 715 x 10°8?
Process Engineering
Vault 1to1 dilution of SY-101 to 244 A DCRT- CHZM HILL
hf med Mathcad v2000+
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Calculations:

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

hvol2(time) = tvol — flow, time — tvol,

hvol2(hm2) = 4 292 x 10°f° [Eqn 4]
Wetted area of vertically oriented DCRT (ft2)
. (3)2 ied flows t + tvolme | _ i (2)2 . 4 (flow; t + tvol ) fEqn 8]
2 d 2 2 d
n e
&
Awet(t) = 1715 f [Eqn 9]

Wetted area of full DCRT (vertical orientation) (ft2)Awet(m2) = 1 715 x 10°#2

Awet(0 hr) = 1715 x 10°f? Check the answers
Awet(1 hr) = 1 715 x 10°#?

Awet(lm2) = 1715 000 £

Average characterizations for NO3, NO,, Al, TOC (molar, molar, molar, grams/liter)

NG NGO

221400 ——2 = 1680 Al _om0 -29C 4140
mole mole mole gm
hter liter liter hiter

Process Engineering
Vault-1to1 dilution of SY-101 to 244 A DCRT-
hf med

CH2ZM HILL
A-3-4 Mathcad v2000+
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SUMMARY:
DCRT 244-A  Modified for 244-A DCRT Vault Case
CASE 3 {Ventlahon rate of 3 cfh} 1 to 1 dilution of SY-101
INPUT SUMMARY:
General Data
it mole
DCRT Ventilahon Rate vr=3 OOOE Nitrate Concentration NO; = 1400 e
1
Saltwell Waste Specific Gravily p = 1300 mole
Nitnte Concentration NG,y = 1680 —
Radiolyic Power of Waste wastepower = 1 579 liter
ft sec
mole
Inial DCRT H, Inventory Vol = 0000 & Aluminum Concentration Al=0710 e
1]
Hz Inventory Based on CGM?  flageg, = "no’ TOC Concentration TOC = 4 140 %
CGM Measurement CONCLEY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 18 910 %LFLygp
DCRT Waste Temperature T=325350K Methane Concentration CH, = 0 000%LFL ¢y,

Period 1

Intial Flow Rate  flow = 1000 x 10-5-&%
mn

mole

Hydrogen Carryover Rate  gr,; morar = 0 000 »
- ier

P
or  gre=0000 oy

Time Pumped at Inital Flow Rate  time = 1 000hr

ol e
inthal Fill Factor = 30800%

tvol

Peniod 2

6 gal
min

Second Flow Rate flow, =1 000 x 10”

3
Hydrogen Carryover Rate  gr;,=0 OOO%

Vault-1to1 dilution of SY-101 to 244-A DCRT-
hf med

inbal Fill Factor

Time pumped at Second flowrate  1Im2 =1 000hr

tvol it
tvol

=30800%

Process Engineenng
CH2M HILL
Mathcad v2000+
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OUTPUT SUMMARY:

Penod 1

s gl
min

Inihal Flow Rate flow=1000x 10”

tvol yut

Inthal Fill Factor
tvol

=30 800%

Inhal Fill Volume  tvol,,; = 14290 gal
Inthal H2 Concentrafion (%LFL) 1h2c = 0000%

Final H2 Concentraton (%LFL) fh2c=0011%

Time Pumped at Intal Flow Rate tune = 1 000 hr
Final Fill Factor fif = 30 800%
Final Fill Volume fiv = 14290 gal

Final Flammable Gas Concentration (%LFL) ffgc = 18 921%

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

Ultimate {ss) Flammable Gas Concentration {(%LFL)

uhfgel = 34 250 %

Period 2
Second Flow Rate  flow, = 1 000 x IO“sﬂ
min
tvol
inthal Fill Factor 2 =30800%
tvol

Inhal Fill Volume  tvol,,, = 14290 gal

th2¢2 = 0011%
th2c2 = 0022%

Inihal H2 Concentration {%L.FL)
Final H2 Concentration (%LFL)

Time pumped at Second Flow Rate hm2 = 1000hr

Final Fill Factor fif2 = 30 8300 %

Final Fill Volume fiv2 = 14290 gal

Final Flammable Gas Concentration (%LFL) fige2 = 18 932%

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 15340%

Ultimate (ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventlaton

Time to Reach 25% LFL with Loss of Ventilation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventlation

uhfge2 = 34 250%
LFLgat preathung = 59 080 %

Tmlef_z_zs ALFL = 0000 day
Tlm% S0%LFL = 105619 day
Tlm%_mum = 1¢000 x 108 day

Vault 1to1 dilution of SY-101 to 244 A DCRT-
hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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SUMMARY:
Calculations based on tank 241-BY-106
gggg 1244”5)( - the inial condition of the tank is 0% full
- this model calculates the remainder untl fill 1s hit
at 80% full with pumping rate of 4 gpm
No ammonta nor methane is considered
INPUT SUMMARY:
General Data
il mole
DCRT Ventilation Rate vr = 3 000 = Nitrate Concentration NO;=1 780E-
Saltwell Waste Specific Gravity p =1312 mole
b Nitrite Concentration NO, = 1700
Radiolyic Power of Waste wastepower = 0 656 ——— iter
i Aluminum Concentratron Al=1 48051315-
Inthal DCRT H; Inventory w.:lH20 = 0 000£° B hiter
Ha Inventory Based on CGM?  flagyy,, = no” TOC Concentration TOC = 2 630 %
1
CGM Measurement CONCLEY, gmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLyy3

DCRT Waste Temperature T'=320950K Methane Concentration CH; = 0 000 %LFL ¢y,

Period 1

{nhal Flow Rate flow=4 0001"“-al Time Pumped at Intal Fiow Rate time = 52 000 hr

mn
ol
Hydrogen Carryover Rate gt potar = 5 779 % 10“5%1:1 Inthal Fill Factor - 2 = 0000%
- i )
#
or gl'w] =0 049']‘]‘;
Penod 2
Second Flow Rate  flow, = 4 000ﬂ Time Pumped at Second Flow Rate  Im2 = 52 000 hr
min
ﬁs WOIm.lﬂ
Hydrogen Carryover Rate  gr,;, = 0 049 e Intal Fill Factor e 40 240%
0,

BY-106 to 244 BX-no NH3 nor CH4 case 1 hf med
BX-1-2

Process Engineenng
CH2M HILL
Mathcad vV2000+
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OUTPUT SUMMARY:
Pertod 1
Inhal Flow Rate flow =4 OOO% Time Pumped at Intal Flow Rate tume = 52 000 hr
inthal Fill Factor w:;';"t =0000% Final Fill Factor fff = 40 240%
Inthal Fill Volume  tvol,,,,, = 0 gal Final Fill Volume ffv = 12480 gal

Inhal H2 Concentration (%LFL) 1h2e= 0 000%

Final H2 Concentration (%LFL) h2c =2 134% Final Flammable Gas Concentration (%LFL) ffgc = 2 134%

Ulbmate (ss) H2 Concentrabon (%LFL} uhh2cl =7 168%

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 7 168%

Period 2
Second Flow Rate  flow, = 4 000 _gi Time Pumped at Second Flow Rate Iim2 = 52 000 hr
min
ol
Initial Fill Facior P = 40 240% Final Fili Factor fif2 = 80 479%
0
Intial Fill Volume  tvol ., = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inmhal H2 Concentration {%LFL) 1h2¢2 = 2 134%

Final HZ Concentration (%LFL) th2e2 = 6 962% Final Flammable Gas Concentration  ffgc2 = 6 962%
Ultimate (ss) H2 Concentration (%LFL) Ultmate (ss} Flammable Gas Concentration (%LFL)
uhh2e2 = 12 202% uhfge2 = 12202%

Maximum %LFL with Loss of Ventlation  LFL,,.; preathung = 220 979 %
Time to Reach 25% LFL with Loss of Ventlation  Tume, ey = 12 815 day
Time to Reach 50% LFL with Loss of Ventlation  Time, sgoq g1, = 40 461 day

Time to Reach 100% LFL with Loss of Ventitation Time, jggeq 5, = 110 538 day

Process Engineenng
BY-106 to 244 BX-no NH3 nor CH4 case 1-hf med CH2M HILL
BX-1-3 Mathcad V2000+
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SUMMARY: Calculations based on tank 241-BY-106
gggg 1244—BX - the inikal condrtion of the tank 1s 0% full
- this model calculates the remainder untd fill 1s hit

at 80% full with pumping rate of 4 gpm
No ammonia nor methane is considered
‘Time to 95% of steady state after fill
Starling pointis "BY-106 to 244-BX-no NH3 nor

CH4 mcd
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate =3 OOOE Nitrate Concentration NO; = 1780 —
1
Saltwell Waste Specific Gravity p = 1312 mole
b Nitrte Concentration NO, =1700
Radiolytic Power of Waste wastepower = 0 656 — Inter
ft sec
mole
Inttial DCRT H, Inventory vl = 0000 Alumium Conoentration  Al= 14807~
[)]
H; Inventory Based on CGM?  flag ., = "no” TOC Concentration TOC = 2 630 fﬂ
iter
CGM Measurement CONCLFY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = (¢ 000 %LFLypy3
DCRT Waste Temperature T =320950K Methane Concentration CH, = 0 000 %LFL g
Penod 1
Inihal Flow Rate flow=4 ooo-ga-l- Time Pumped at Initat Flow Rate tune = 104 000 br
min
-5 mole ol
Hydrogen Carryover Rate  groi motar = 5 779 x 1077 ——= Iniial Fill Factor =0000%
= hter tvol
8
oF  gr=0049 .
Penod 2
Second Flow Rate  flow, = 1000 x 10‘6-5-@- Time Pumped at Second Flow Rate  1im2 = 577 000 br
min
_g i tvolyy
Hydrogen Carryover Rate  gr,;, = 1220 x 10 P intial Fill Factor e 80479%
(4)
Process Engineering
244-BX-Case 1-4gpm BY-106 to 244-BX-no CH2M HILL
NH3 nor CH4 time to 95% ss-hf med Mathcad V2000+

BX-1-4
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OUTPUT SUMMARY:
Penod 1
Inthal Flow Rate flow = 4 000% Time Pumped at Inttal Flow Rate time = 104 000 hr
Inmal Fill Factor tvt:::"t =0000% Final Fill Factor fif = 80 479%
Inthai Fill Volume  tvol,,, = 0 gal Final Fill Volume ffv = 24960 gal

inihal H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c =6 962% Final Flammable Gas Concentraton (%LFL) ffgc = 6 962%

Ulamate (ss) H2 Concentration (%LFL} ubh2ct = 12 202%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 12 202%

Period 2
Second Flow Rate  flow, = 1 000 x 10'Ggai Time Pumped at Second Flow Rate  hm2 = 577 000 hr
mm
W011mt2
Intial Fill Factor ——= 80479% Final Filt Factor fif2 = 80 479 %
0.
Inal Fill Volume  tvol,,,», = 24960 gal Final Fill Volume ffv2 = 24960 gal

Inihal H2 Concentration {%LFL) th2c2 = 6 962%

Final H2 Concentration (%LFL) fh2c2=11591% Final Flammabie Gas Concentration  ffge2 = 11 591%
Ulttmate (ss) H2 Concentration (%LFL) Ulbmate (ss) Flammable Gas Concentration (%I-FL)
uhb2c2 = 12202% uhfge2 = 12202%

Maxamum %LFL with Loss of Ventilaion  LFL,; preattung = 220 980%
Time to Reach 25% LFL with Loss of Ventilation  Time, 35041, = 12 815 day
Time to Reach 50% LFL with Loss of Ventilation  Time, 590 py, = 40 460 day

Time to Reach 100% LFL with Loss of Ventilaion Time, 19904, = 110 537 day

Process Engineering
244-BX Case 1-4gpm-BY-106 to 244-BX-no CH2M HILL
NH3 nor CH4-time to 95% ss-hf med Mathcad V2000+
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SUMMARY:
DCRT 244-BX Calculatons based on tank 241-BY-106
CASE 1 - the inthal condrtion of the tank 1s 0% full
- this model calculates the remainder until fill 1s hit
at 80% full with pumping rate of 8 gpm
No ammeoenia nor methane 1s considered
Time to 95% of steady state after fill
input from end of inthal fill-"BY-106 to 244-BX-no NH3 nor CH4 med”
INPUT SUMMARY:
General Data
£ mole
DCRT Ventilation Rate w=3 OOOE- Nitrate Concentration NO; = 1 780~ﬂte—r-
Saltwell Waste Specific Gravity p = 1312 mole
b Nitrite Concentration NO, = 1 700 —
Radiolytic Power of Waste wastepower = 0 656 —— hter
ft sec
mole
Inthal DCRT H, Inventory V01H20 — 00008 Aluminum Concentration Al=1480 =
Ha Inventory Based on CGM?  flagegm = "no" TOC Concentration TOC=2 6301E£
iter
CGM Measurement CONCLEY, cgmo = 0 000 %LFL
B Ammonia Concentration NH; = 0 000 %LFLy;
DCRT Waste Temperature T =320950K Methane Concentration CHy = 0 000 %LFL gy
Penod 1
Inthial Flow Rate flow = 8 ooo_gl- Time Pumped at Intal Flow Rate time = 52 000hr
min
ol
Hydrogen Carryover Rate gr,.; .10 = 5 779 x 10_5_n_12}_g Inbal Fill Factor 22 = 0000%
= liter tvol
#
or =0 098“{;
Period 2
Second Flow Rate flow, = 1 000 x IO‘GE— Time Pumped at Second Flow Rate  Lm2 = 595 000 hr
min
8 ﬁ3 tvo‘:mtz
Hydrogen Carryover Rate  gr,;,=1220x 10 " Intial Fill Factor e 80 479%
(V)
Process Engineenng
244 BX-Case 1 8gpm-BY-106 to 244 BX no CH2M HILLL
NH3 nor CH4 time to 95% ss hf med Mathcad V2000+
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OUTPUT SUMMARY:

Period 1

Inthal Flow Rate  flow = 8 000 gl
nmin

ol it

tvol

Initral Fill Factor = 0000%

Intial Fill Volume  tvol,,, = O gal
Inthial H2 Concentraton (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c = 6 596%

U

Time Pumped at Inital Flow Rate tupe = 52 000 hr
Final Fill Factor fif =80479%

Final Fill Volume ffv = 24960 gal

Final Flammable Gas Concentration (%LFL) ffzc = 6 596%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 12202%

Uitimate (ss} Flammable Gas Concentration (%LFL) uhfgel = 12202%

Penod 2
Second Flow Rate flow, = 1 000 x 10'6-g-§1-
min
tvol
Inthat Fill Factor ™2 - 80479%
tvol

Intial Fill Volume  tvol,,,, = 24960 gal

Inhal H2 Concentration (%LFL) th2¢2 = 6 596 %

Final H2 Concentration (%LFL) fh2c2 = 11 591%

Ulhmate (ss) H2 Concentration (%LFL)
uhh2¢2 = 12 202%

Time Pumped at Second Flow Rate Im2 = 595 000 hr

Final Fill Factor fif2 = 80 479%

Final Fill Volume ffv2 = 24960 gal

Final Flammable Gas Concentraton  ffge2 = 11 591%

Ultimate (ss) Flammable Gas Concentration (%LFL)
uhfge2 = 12 202%

Maximum %LFL with Loss of Ventlaion  LFL,,; peammg = 220 980 %

Time to Reach 25% LFL with Loss of Ventlaton

Time to Reach 50% LFi. with Loss of Ventilation

Timey 3s0a51, = 12 815 day

Tun%_ng = 40 460 day

Time to Reach 100% LFL with Loss of Ventilation  Time, yopoq51 = 110 537 day

244 BX-Case 1-8gpm-BY-106 to 244-BX-no
NH3 nor CH4 time to 95% ss hf med

Process Engineenng
CH2M HILL
Mathcad V2000+
BX-1-7
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SUMMARY:
DCRT 244-BX Calculations based on tank 241-BY-106
CASE 2 - the inihal condition of the tank 1s 9% full
- this model calulates the remainder unti fill i1s hit
at 80% full with pumping rate of 4 gpm
No ammonia hor methane 1s considered
INPUT SUMMARY:
General Data
2 mole
DCRT Ventlaton Rate vi =3 000;1_— Nitrate Concentraton NO; = 1780 v
Saltwell Waste Specific Gravity p = 1312 mole
b Nitrnte Concentration NO, =1700
Radiolytic Power of Waste wastepower = (0 656 —3 hter
ft sec
mole
Inibal DCRT Hy, Inventory voly = 000087 Aluminum Concentrabion Al = 1430
M, Inventory Based on CGM?  flag.gy = "no® TOC Concentration TOC = 2 630 ;ﬂ
iter
CGM Measurement CONCLpL, ogmo = 0 000 %LFL
h Ammomia Concentration NH; = 0 000 %LFLyys3
DCRT Waste Temperature T=320950K Methane Concentration CHy = 0 000 %LFL 4
Penod 1
Inhal Flow Rate flow =4 OOOEI— Time Pumped atintal Flow Rate tume = 52 000hr
utiFol
_5 mole tvol oy
Hydrogen Carryover Rate  gr motar = 5779 % 1077 —— Inial Fill Factor = 0 000%
- liter tvol
P
or Mool = 0 049;; )
Pernod 2
Second Flow Rate flow, = 4 000—3—51- Time Pumped at Second Flow Rate  Im2 = 52 000hr
min
ﬁs tVOl,mt'z
Hydrogen Carryover Rate  gr,;, = 0 049-h-r- Intial Fill Factor —= 40 240%
0

Process Engineening
BY-106 to 244 BX no NH3 nor CH4-case 2 CH2M HILL
hf mcd BX-2-2 Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Inial Flow Rate flow =4 Ooo_ggl_ Time Pumped at Intal Flow Rate time = 52 000 hr
min
tVOl,mt
Initral Fill Factor —r = 0000% Final Fill Factor iif = 40240%
(o]
Inthal Fill Volume  tvol,,, = 0gal Finat Fill Volume ffv = 12480 gal

Inital H2 Concentration (%LFL) 1h2c =0 000%
Final H2 Concentration (%LFL) fh2c =2134%

Ulhimate (ss) H2 Concentration (%LFL) uhh2cl = 7 168%

Ultmate (ss) Flammable Gas Concentration (%LFL) uhfpel = 7 168%

Final Flammable Gas Concentration (%LFL) ffgc=2134%

Penod 2
Second Fiow Rate flow, = 4 000ﬂ Time Pumped at Second Flow Rate  im2 = 52 000 hr
min
ol
Intral Fill Factor — 40 240% Final Fill Factor fif2 = 80 479%
(8]
Imbal Fill Volume  tvol ., = 12480 gal Fimal Fill Volume ffv2 = 24960 gal

inhal H2 Concentration {%LFL) th2e2 = 2 134%

Final H2 Concentration (%LFL) fh2c2 =6962% Final Flammable Gas Concentration

Ulttmate {ss) H2 Concentration (%LFL)

uhh2c2 = 12202 %
Maximum %LFL with Loss of Ventilaton  LFL,,; preathng = 220 979%
Time to Reach 25% LFL with Loss of Ventilation  Time, jseqp, = 12 815day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgoq 1. = 40 461 day

Time to Reach 100% LFL with Loss of Ventilation Tme, j999q.1, = 110 538 day

BY-106 to 244 BX-no NH3 nor CH4 case 2-

hf med
me BX-2-3

fige2 = 6 962%

Ultmate (ss) Flammable Gas Concentration (%LFL)
vhfge2 = 12 202 %

Process Engineenng
CH2M HILL
Mathcad 2000+
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DCRT 244-BX
Case 3
Table BX-1 BY-106 Ammonia Calculations for Worst Case (3 pages)
input Data for Henry's K calculation and the Dynamic Spreadsheet
244-BX
Source Tank BY-106
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-BX Dunng Addition of Waste
Liquid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Vaiue
NH; ug/ml 1030| |Percent Fill of Receiving Tank % 50
Na"' pg/mi 164800| |Volume of Vapor Space L 58700
Al* ug/mi 39810 |Length of Waste Fall ft 6
Fe'® ug/mi 32| |Inside Diameter of Receiving Tank ft 12
cr*? pg/ml 354] |[Flow Rate of Waste gpm 4
Ni* pg/mi 28| |Total Pressure In Vapor Space atm 1
K" pg/mi 8925 |Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/ml 35750( [Total Ventilation Fiow Rate for Stack cfm 005
NO, pg/mi 110260/ (Total Bubbler Flow Rate cfh 3
NO, ' ug/ml 78130{ {Temperature of Air in Vapor Space F 1198
C0,° pg/mi 6600| |Stream Diameter Inches 1
PO, pug/mi 1988| |Tortuosity Factor unitless 1
80,*° pofmi 2023/ [Intial Concentration of NH; in the Vapor Phase |mole/m® 0
F! pg/ml 293/ |Surface Area of Still Waste m? 39 02
cl’ pg/mi 4652 |Fumigation Divisor at 100 meters unitless 1
L+t ugfmi 0| INon Fumigation Divisor at 100 meters unitiess 1
Br' pgfml 01 |Correction Factor for Schumpe Model unitless 1
%H0 % 59 39
Specific Gravity unitiess 1312
Total Organic Carbon [g/] 263
Cs-137 puCrmi 207
Temperature °F 118

BX-3-2
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DCRT 244 BX
Case 3
Table BX-1 (Cont'd) BY-106 Ammonia Calculations for Worst Case (3 pages)
Source Tank |BY-106 INPUT DATA |Date 36546 35139 Revision O[NH,
Ditution Ratio {0 1 ug/mi
lon MW ct (moles/L) [ hi*er 1030
Na*! 2299| 7 1683341 01143] 0819340583 |From Weisenberger & Schumpe (1996)  |molesil.
AR 26 58 148 02174 0320781838 0 060479017
Fe® 55 85 000 01161| 6 68329E-05
cr 52| 6 798E 03 00648 0 000440515|Gas h (T h{G0)
Ni*2 5871| 4 769%E 04 01654 7 88826E-05
K" 3909 2 283E O1 00922| 0021051036/ Ammonia 0 -0 0481
OH' 17 0074 210 00839| 0 176359996 Hydrogen 0209 -0 0218
NO, ' 62 0049 178 00128| 0022761556 Methane 0524 00022
NO, T 48 0055 170 00795 0135012879
CO,° 60 0092 o1 01423 0 0156506
PO 84 9676 002 02119| 0004435576
$0,“ 96 0576| 2 106E 02 01117 0002352433
F 19| 1 641E 02 0082{ 0001418059
cr! 35453| 1312601 00318] 0004172399
Lt € 94 0 00 0 0754 0
Br’ 79 916| O OOOE+00 0 6269 0
Average
14 75718636 1 523923187
Mass fraction water in hq 059 Temperature
Liguid density (kg/m3) 1312 000 deg F
T(C) 48 118
Temperature
deg C
47 77777778
PNL-10785
Schumpe Schumpe pure water K imol/L{ig) atm |NH3
gmoles/L (iq ){h (G) Kwater/Ksalt | (molikgwir at [Henrys K Part, P atm
Ammonia 0 060479017 -0 0481| & 517822405] 22 25758037 | 2 660864524 | 0 022720086
|Hydrogen -2 861E-02 1264E+01| 7 291E-04]| 4 495E-05] O OOOE+00
Methane -9 736E-03 2400E+01]  1055E-03] ~ 3 424E-05] 0 Q00E+00

BX-3-3
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PGRT 244-BX,
Case 3
Table BX-1 (Cont'd) BY 106 Ammonia Calculations for Worst Case (3 pages)
Max NH3 Conc Based on Henry's
Equil NH3 Conc in Vaper Space %NHsmax) 227 % Law Constant
Variable Variable Variable
Delta G Delta C Delta C
Time hours} T sec | NHy-mole/m®}  %NM, % LFL NH
00100 36 9 457E-03 002 016
0 0183 66 1 726E-02 005 029
00333 120 3 112E-02 008 053
0 0617 222 5 66BE-02 016} 097
0 1033 372 9 285E-02 025 158
0 1750 630 1 513E-01 0.40 2 53
0332 1194 2 640E-01 070 4 60
0620 2232 4 267E-01 113 7 28
1035 3726 5 860E-01 156 999
ﬁ 8154 7 884E-01 209 13 46
335 120860 8 385E-01 222 14 30
538] 19362 8 573E-01 227 14 62
827 20784 B 505E-01 227] 14 66
968 34860 8 596E-01 227 14.66
109 38300 8§ 596E-01 227 14 €6
132] 47840 8 S96E-01 227 14 66
16 6| 59580 8 596E-01 227 14 66
41 7] 150000 8 596E-01 227 14 66
Time to fill from 0% to 50% at
646] 232605 8 596E-01 227 14 66|4gom

BX-3-4
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SUMMARY:
DCRT 244-BX Calculations based on tank 241-BY-106
CASE 3 - the inthiai condibion of the tank 1s 0% full
- this model calulates the remainder undl fill is hit
at 80% full with pumping rate of 4 gpm
Ammonia and methane are considered
INPUT SUMMARY:
General Data
2 mole
DCRT Ventlation Rate v=3 OOOE Nitrate Concentration NO; =1 780-1;tc—r
Saltwell Waste Specific Gravity p = 1312 mole
b Nitnte Concentration NO, =1700
Radiolytic Power of Waste wastepower = 0 656 - hiter
ft sec
mole
Inthal DCRT H, Inventory vohgy = 0000 & Aluminum Concentration Al = 1480
0
H; Inventory Based on CGM?  flag,,,, = "no" TOC Concentration TOC = 2 630 Igg
iter
CGM Measurement CONCLRY, cgmo = 0 000 %LFL
B Ammonia Concentration NH; = 14 660 %LFLyy;
DCRT Waste Temperature T'=320950K Methane Concentration CH, = 0 550 %LFLcyy
Period 1
Inihal Flow Rate flow=4 000—311- Time Pumped at Inttal Flow Rate tune = 52 000 hr
mimn
5 mole tvol
Hydrogen Carryover Rate gr.; otar = 5779 x 10 Intial Fill Factor =0000%
- hter tvol
iy
or =0049—
Baol hr
Period 2
Second Flow Rate flow, = 4 000-58—1- Time Pumped at Second Flow Rate  hm2 = 52 000 hr
min
ﬂ.3 tV(ﬂlmt’z
Hydrogen Carryover Rate  gr, j, = 0049 v Inital Fiil Factor = 40 240%
tvo

Process Engineenng
BY-106 to 244 BX-with NH3 and CH4-case 3 CH2M HiLL
4gpm hf med BX-3-5 Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
inthal Flow Rate  flow = 4 000 fuf:l.. Time Pumped at Inital Flow Rate tume = 52 000 hr
inthal Fill Factor wt:i‘;“‘ = 0000% Final Fill Factor ff = 40240%
Intbal Fill Volume  tvol,,; = 0 gal Final Fill Volume fiv = 12480 gal

Inthial H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c =2 134% Final Flammable Gas Concentration (%LFL) ffgc = 17344%

Ultimate (ss) HZ Concentration (%LFL) uhh2cl =7 168%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21 828%

Period 2
Second Flow Rate flow, = 4 OOO—gi"l Time Pumped at Second Flow Rate  hm2 = 52 000hr
mm
tVOImItZ
Inttral Fidl Factor ol 40 240% Final Fill Factor fif2 = 80 479%
o
Inhal Fill Volume  tvol,,» = 12480 gal Final Fill Volume fiv2 = 24960 gal

Inial H2 Concentration (%LFL) th2¢2 =2 134%

Final H2 Concentration (%LFL)} fh2c2 = 6962% Final Flammable Gas Concentration  ffge2 = 22 172%
Ultimate {ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
uvhh2¢2 = 12 202% uhfge2 = 26 862 %

Maximum %LFL with Loss of Ventilation  LFLyy¢ yreathung = 223 178%
Time to Reach 25% LFL. with Loss of Ventilaion  Time, 350451, = 0 000day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgoq 51, = 23 796 day

Time to Reach 100% LFL with Loss of Ventilaion  Time, 1qgsa 1, = 87 367 day

Process Engineenng
BY-106 to 244 BX with NH3 and CH4-case 3 CH2M HILL
4gpm hf med BX-3-6 Mathcad V2000+
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DCRT 244.BX
Case 3
Table BX-2 BY-106 Ammonia Calculations for WSU Worst Case (3 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet
244-BX
Source Tank BY-106
Dilution Ratio 01 Correction Factor for Schumpe Model 3 92
Recewving Tank 244-8X During Addition of Waste
Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; ug/mi 1030} |Percent Fill of Recemving Tank % 50
Na*' ng/mi 164800/ {Volume of Vapor Space L 58700
Al ug/mi 39810 |Length of Waste Fall ft 6
Fe' pg/mi 32| |inside Diameter of Receiving Tank ft 12
cr® ug/mi 354{ [Flow Rate of Waste gpm 4
NI*2 pg/mi 28] | Total Pressure in Vapor Space atm 1
K ng/ml 8925 |Ventilation Flow Rate for Receving Tank cfm 005
OH' pgiml 35750/ [Total Ventilation Fiow Rate for Stack cfm 0 05
NO, pg/mi 110260 | | Total Bubbler Flow Rate cfh 3
NO, ! ug/ml 78130] |Temperature of Air In Vapor Space F 119 8
CO5* pg/ml 6600| |Stream Diameter inches 1
PO ug/mi 1988| | Tortuosity Factor unitless 1
$0,* ng/mi 2023| [Initial Concentration of NH; in the Vapor Phase |mole/m® ]
F' pg/mi 293/ [Surface Area of Still Waste m? 3902
ol’ ug/ml 4652 |Fumigation Divisor at 100 meters unitless 1
Li*! pg/ml 0| {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitless 392
%H.0 % 59 39
Specific Gravity unitless 1312
Total Organic Carbon |g/l 263
Cs-137 uCvml 207
Temperature °F 118

BX-3-7
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DCRT 244 BX
Case 3
Table BX-2 (Cont'd) BY-106 Ammonia Calculations for WSU Worst Case (3 pages)
Source Tank |BY 106 INPUT DATA |Date 36546 35139 Rewision O{NH,
Dilution Rato |0 1 ug/ml
lon MW ¢l {molaes/L) 1] hi*cl 1030
Na*' 2299] 7 1683341 01143| 0819340583 |From Weisenberger & Schumpe (1996)  |moles/L
A" 26 98 148 02174] 0320781838 0 060479017
Fe™ 55 85 000 01161] 668320E-05
cr 52| 6 798t 03 00648| 0000440515|Gas h (T) h (G 0)
Ni™ 5871| 4 769E 04 01654 7 88826E-05
K 3809 2 283E O1 00922] 0021051036/ Ammonia 0 -0 0481
OH' 17 0074 210 00839} 0 176359996|Hydrogen 0299 -D 0218
NO,* 62 0049 178 00128 0022761556|Methane 0524 0 0022
NO, 46 0055 170 00795 0135012879
CcO,;* 60 0092 011 01423 00156506
PO 94 9676 002 02119 0004435576
§0,% 96 0576] 2 106E 02 0H117| 0002352433
F! 19] 1 B41E 02 0092 0001418059
cr! 35453 1 312€E01 00318] 0004172399
Lit! 694 0 00 0 0754 0
Br' 79 916| 0 0OCE+00 00269 0
Average
14 75718636 1 523923187
Mass fraction water in liq 059 Temperature
Liquid denstty (kg/m3) 1312 000 deg F
T(C) 48 118
Temperature
C
47 TIT/ 7778
PNL 10785
Schumpe Schumpe ure water K |mol/L{hq) atm [NH3
gmoles/L (lIiq )|h (G) Kwater/Ksalt _|{molfkgwir at {Henrys K Part P_atm
Ammonia 0 060479017 -00481] 1662705797 | 22 25758937 10 43058893 | 0 005798236
Hydrogen 2 861E-02 1264E+01] 7 291E-04] 44S5E-05] ( ODOE+00
Methane -9 736E-03 2400E+01]  1055E-03] 3424E-05] 0 OCOE+00

BX-3-8
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DCRT 244-BX
Case 3
Table BX 2 (Cont'd) BY 106 Ammonia Calculations for WSU Worst Case {3 pages)
Max NH3 Conc Based on Henry's
Equil NH3 Conc in Vapor Space %NHspaaey 058 % Law Constant
Variable Variable Variable
Deita C Delta © DeltaC
Timo hours| T sec | NHy-mole/m®|  %NH, % LFL NHs
0 0100 36 6 20103 02 014
00183 66 1 139E-02 003 018
0 0333 120 2 026E-02 0 05 035
00617] 222 3 603E-02 010 061
01033 372 & 696E-02 015 097
01750) 630 8 753E-02 023 149
0332 1194 1 358E-01 036 232
0620 2232 1 832E-01 048 312
1035 3726 2 085E-01 055 386
2271 8154 2 190E-01 058 314
335 12060 2 193E-01 0 58| 374
538 19362 2 193E-01 063 374
B27] 29784 2 193E-01 058 374
968 34860 2 193E-01 0 58| 374
108] 39300 2 193E-01 0 53 374
133 47640 2 193E-01 0 58] 374
168] 59580 2 193E-01 0 68 374
417 150000 2 193E-01 0 58| 374
Time to fill from 0% te 50% at
646 232605 2 193E-01 068 3 74/4gpm

BX-3-9
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SUMMARY:
DCRT 244-BX Calculabions based on tank 241-BY-106
CASE 3 - the mhal condition of the tank is 0% full
WwsuU - this model caiulates the remainder unti fill 1s hit
at 80% full with pumping rate of 4 gpm
Ammonia and methane are considered WSU
model
INPUT SUMMARY:
General Data_
i mole
DCRT Ventlaton Rate vr=3 000;; Nitrate Concentration NO; =1780 ter
1
Saltwell Waste Specific Gravity p = 1312 mole
b Nirite Concentration NG, = 1700
Radiolytic Power of Waste wastepower = 0 656 —— liter
o Aluminum Ceoncentration Al =1480 mole
inthal DCRT H Inventory V°1H2° = 0000’ B lter
Hz Inventory Based on COM? - flagegn = no' TOC Concentration TOC = 26302~
CGM Measurement CONCLFy, ogmo = 0 000 %LFL
- Ammona Concentration NHj = 3 740 %LFLyys3
DCRT Waste Temperature T =320 950K Methane Concentration CH, = 0 550 %LFLcyy,
Penod 1
Intia) Flow Rate flow = 4 000-531- Time Pumped at Intal Flow Rate time = 52 000 hr
mmn
o))
Hydrogen Carryover Rate gr,; nopsr = 5 779 x 107° T::: Iniial Fill Factor - 22 = 0000%

Penod 2
Second Flow Rate  flow, = 4 000 —gil
min
f*
Hydrogen Carryover Rate  gr, ., =0 (}49E

Time Pumped at Second FlowRate  m?2 = 52 000hr
tvol
inibal Fill Factor 22 - 40240%
tvol

Process Engineenng

CH2M HILL
Mathcad V2000+

BY-106 to 244 BX-with NH3 and CH4-case 3-
4g9pm-WSU hf med
BX-3-10
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OUTPUT SUMMARY:
Penod 1
inhal Flow Rate flow = 4 000 —ii-'i Time Pumped at Inital Flow Rate fime = 52 000 hr
iniral Fill Factor wtzlo':“ = 0000% Finat Fill Factor fif = 40240%
intial Fill Volume  tvol,,, = 0 gal Final Fill Volume ffv = 12480 gal

Inital H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c=2134% Final Flammable Gas Concentration (%LFL) ffge = 6424%

Ultmate (ss} H2 Concentration (%LFL) uhh2¢] = 7 168%

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 10 908 %

Period 2
Second Flow Rate flow, = 4 000——33-1- Time Pumped at Second Flow Rate = lim2 = 52 000 hr
min
[2175) NN
Iniial Fill Factor —= 40 240% Final Fill Factor fif2 = 80 479%
0
Intial Fill Volume  tvol,,; = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inial H2 Concentration (%LFL) 1h2e2 =2 134%

Final H2 Concentration (%LFL)  fh2e¢2 = 6 962% Final Flammable Gas Concentration  ffge2 = 11 252%
Uliimate (ss) H2 Concentration {%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
ubh2c¢2 = 12 202% uhfge2 = 15942 %

Maximum %LFL with Loss of Ventilation  LFL.,; preatiung = 221 540%
Time to Reach 25% LFL with Loss of Ventllaton  Time, 5504 51, = 8 986 day
Time to Reach 50% LFL with Loss of Ventilation  Tume, sgoq gy, = 36 077 day

Time to Reach 100% LFL with Loss of Ventilation  Time, ;90051 = 104 370 day

Process Engimeenng
BY 106 to 244-BX-with NH3 and CH4 case 3- CH2M HILL

4gpm WSU-hf med Mathcad V2000+
BX-3-11
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SUMMARY:
DCRT 244-BX Calculations based on tank 241-BY-106
CASE 4 - the thal condiion of the tank s 0% full
- this model calulates the remainder until filf 1s hit
at 80% full with pumping rate of 8 gpm
Ammonia and methane are considered
INPUT SUMMARY:
General Data
£ mole
DCRT Ventilation Rate vr=3 ooo—h; Nitrate Concentration NO; =1 7801—£T-
1
Saltwell Waste Specific Gravity p = 1312 mole
b Nitnte Concentration NO, = 1700
Radiolytic Power of Waste wastepower = 0 656 ——— hiter
1t sec
mole
{nhal DCRT H, Inventory voly, =0 000 Aluminum Concentration Al=1 480“@
0
H Inventory Based on CGM?  flag,,, = 'no" TOC Concentration TOC = 2 630 82
CGM Measurement CONCLpy, comp = 0 000 %LFL
- Ammonia Concentraton NH; = 14 660 %LFLy3
DCRT Waste Temperature T=320950K Methane Concentration CH, = 0 550 %LFL gy
Period 1
Intial Flow Rate flow = 8 ooo-g-ai Time Pumped at Intal Flow Rate tine = 26 000 hr
min
_s mole tvoly
Hydrogen Carryover Rate  gr.; woisr = 5 779 x 107° —— Inial Filf Factor ~ —— = 0000%
= liter tvol
P
or  grg=0 0985;
Penod 2
Second Flow Rate  flow, = 8 0(}0lgﬂ Time Pumped at Second Flow Rate  hm2 = 26 000 hr
min
ﬂ3 WOInth
Hydrogen Carryover Rate  gr, ;=0 098E Inthal Fill Factor — = 40 240%
0
Process Engineernng
BY-106 to 244-BX with NH3 and CH4-case 4- CH2M HILL
8gpm-hf med Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Inhal Flow Rate flow = 8 OOO% Time Pumped at Intta! Flow Rate time = 26 000 br
Intbial Filf Factor tvt:l‘;" =0000% Final Fill Factor fif = 40 240%
Inhal Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 12480 gal

inihal H2 Concentration (%LFL) 1h2c=0000%

Final H2 Concentration (%LFL) fh2c =2046% Finai Flammable Gas Concentration (%LFL) ffgc = 17 256%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 7 168%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21 828%

Peniod 2
Second Flow Rate  flow, = 8 OOOE- Time Pumped at Second Flow Rate ~ Im2 = 26 000 hr
min
ol
Iniral Fill Factor — = 40 240% Final Fill Factor 2 = 80479%
0]
Inttial Fill Volume  tvol,,, = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inihal H2 Concentration (%LFL) 1h2¢2 = 2 046 %

Final H2 Concentration (%LFL)  fh2c2 = 6 596% Final Flammable Gas Concentrabon  ffige2 = 21 806%
Uitmate (ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
ubh2c¢2 = 12202% uhfge2 = 26 862%

Maximum %LFL with Loss of Venblation  LFL,; yreumum = 223 178%
Time to Reach 25% LFL with Loss of Ventilation  Tume, 509 59, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilabon  Time, sgoq gy, = 23 796 day

Time to Reach 100% LFL with Loss of Ventilation  Time, 1990457, = 87 367 day

BY-106 to 244-BX with NH3 and CH4 case 4
8gpm hf mcd
BX-4-3

Process Engineenng
CH2M HILL
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SUMMARY:
DCRT 244-BX Calculations based on tank 241-BY-106
CASE 5 - the inthal condrtion of the tank 1s 0% full
- this mode! calculates the flammable gas concentration in
the DCRT headspace at 80% fuil from an infial pumping rate
of 4 gpm (to 40% full) followed by an
- immediate change in pumping rate to 4 gpm with no chance
to come {0 steady state H2 concettraton
INPUT SUMMARY:
General Data
1 mole
DCRT Ventilation Rate w=3 OOOE Nirate Concentration NO; =1 'ISOE
Saltwell Waste Spectfic Gravity p = 1312 mole
b Nitrite Concentration NO, =1 700---—-
Radiolytic Power of Waste wastepower = 0 656 —— liter
ft sec
mole
Intial DCRT H, Inventory V°1H2° = 000083 Aluminum Concentration Al = 1480 v

H; inventory Based on CGM?  flag,,,, = "no"

TOC Concentration TOC = 2 630 %
1

CGM Measurement CONCLEL, cgmo = 0 000 %LFL
h Ammonia Concentration NH; = 0 000 %LFLy;

DCRT Waste Temperature T=320950K Methane Concentration CH, = 0 000 %LFLcyy4

Period 1

Inihal Flow Rate flow = 4 000 =— gal Time Pumped at Inital Fiow Rate tune = 52 000 hr

min
Hydrogen Carryover Rate  gr, motar = 5 779 x 1077 T::e Inttial Fili Factor - ';"‘ = 0000%
= 0

of gry=0 0495—

Penod 2
Second Flow Rate flow, = 4 000 — gal Time Pumped at Second Flow Rate  Lim2 = 52 000 hr
min
3
Hydrogen Carryover Rate  gr, i = 0049 -E— Inral Fill Factor - lm =40240%
0|

Process Engineenng
CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
gal
Intbal Flow Rate flow = 4 000 —
N
tvol,mt
Inhial Filt Factor = 0000%
tvol
Inhal Fill Volume  tvol,,,, = 0 gal

Inial H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentraton (%LFL) fh2c =2134%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 7 168%

5;\ 'Eg%/\ Date _! !% [0o

Checked by

Time Pumped at Intal Flow Rate tume = 52 000 hr
Final Fill Factor fif' = 40 240%
Final Fill Volume ffv = 12480 gal

Finat Flammable Gas Concentration (%LFL) ffge = 2 134%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 7 168%

Penod 2

Second Flow Rate gal

flowy = 4 000 =
min

Vol
tvo

Initiat Fill Factor = 40240%

Inbal Fill Volume  tvol,,,, = 12480 gal

Inthal H2 Concentration (%LFL) th2c2 = 2 134%

Final H2 Concentration (%LFL) fh2c2 = 6 962%

Ultmate (ss) H2 Concentration (%LFL)
uhh2c2 = 12 202 %

Maximum %L.FL with Loss of Venblation

Time to Reach 25% LFL with Loss of Ventlaton

Time to Reach 50% LFL with Loss of Ventlaton

Time Pumped at Second Flow Rate hm2 = 52 000 hr

Final Fill Factor fif2 = 80 479%

Final Fill Volume ffv2 = 24960 gal

Final Flammable Gas Concentration  ffgc2 = 6 962%

Ulbmate (ss) Flammable Gas Concentration (%LFL)
uhfge2 = 12 202%

LFLyat preatiung = 220 979%
Tlmez_zs%[‘n = 12815 day

Tll'nez_sum = 40 461 day

Time to Reach 100% LFL with Loss of Ventlaton Time, yggeq e, = 110 538 day

BY 106 to 244-BX-H2 case 5 hf med

BX-5-3

Process Engineenng
CH2M HILL
Mathcad V2000+
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Determination of Headspace Gas SA Barker
Concentration in a Vertically Oriented DCRT...

Input Data

DCRT 244-BX Modified for 244-BX DCRT Vault Case
Input diameter of DCRT (d) CASE 6 (Ventilation rate of 3 cfh) Use Vertical
st e 0000 DCRT for model Wetted surface area set
dans at1302sq ft

Input length of DCRT (L)

Input rate at which the DCRT fills (flow) (mumimum should be a touch gereater than 0,1¢ 1x10-6)

flow
ﬁ3
hr
R =
SR flowy=2228x 107 /0 sec ! flow, s
o flowo= T = 8021 x 107

£
Calculate total DCRT volume (tvol) (g]

2
ol =L & (g.) Assume DCRT has flat ends [Eqn 1]

flow = 2228 x 10 A sec ! =8021x 107°¢

tvol = 11363

e BEELI \‘-\ i i TEREES
S ;%%ﬁ?;g{f tvoly = 3318 x 10°R°
SR \ ‘ W g %
Time at start of pumping rate 2 (MUST be an INTEGER)
ase i

R, R ERRT
Time at pumping rate 2

ffﬁ%‘ Kw‘z@ﬁm‘ 4
?Ea 322 woéiziabﬂ 4

Volume of fill at start of pumping rate 2

tvol, = tvol,y, + time flow tvol, = 3318 £

- Process Engineering

Vauit—-BY-106 to 244-BX DCRT-hf med CH2M HILL
BX-6-2 Mathcad v2000+
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voleo = ﬁ[ﬂagcgm = "yes" ,CONCH) cgm (tvol — tvol,ny) ,volmJ

volg; = 00008 <==== |nitial volume of H2 In Headspace

[
Input Ammoma Concentration

S0 SRS Sonmsengs
@M&h 5 he
Input Methane Concentration

i&i S
B

R ey P

End of Input Section

(Reference )

(Reference )

Calculations:

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

hvol(t) = tvol — flow t — tvol,y, hvol(lim) = 8 045 x 10°£°

Wetted area of full DCRT (horizontal orientation) (ft?)

Wetted area of vertically oriented DCRT (ft2)

d\2 flow t + tvol,,, (djz 4 (ﬂowt+tvolm)
tf—| +rd———— =g |~| +
2 2 d
&
5

Awet(t) = 1302 f

Wetted area of full DCRT (vertical orientation) (ft?) Awet(hm) = 1302 x 10°f*

Check the answers
Awet(lm) = 1302 x 10° £

Awet(0 hr) = 1302 x 10°#°
Awet(l hr) = 1302 x 10°#2

Vault—BY-106 to 244 BX DCRT-hf med
BX-6-3

a\2 2
2x —2- +xdL=40141t

[Eqn 4]

[Eqn 8]

[Eqn 8]

[Eqn 9]

Process Engineering
CH2M HILL
Mathcad v2000+
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Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(tme) = tvol - flows, time — tvol, hvol2(lm2) = 8 045 x 10° & {Eqn 4]

Wetted area of vertically oriented DCRT (ft2)

2 flow, t + tvol 2 4 (flowy t + tvol
n@) o g 202 21m12 "‘“@) . (flow, : nit2) [Eqn 8]
(4
)
Awet(it2) = 1302 £ [Eqn 9]

Wetted area of full DCRT (vertical orientation) (f2)Awet(lm2) = 1302 x 10° 2

Awet(0 hr) = 1302 x 10° 8 Check the answers
Awet(1 hr) = 1302 x 10°#%

Awet(lm2) = 1302 000£°

Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/hter)

N N
_-9-3—=1780 —02-=1700 Al = 1480 Toc = 2630
mole mole mole gm
liter liter Iiter liter
Process Engineerning
Vaul--BY-106 to 244-BX DCRT hf mcd CH2M HILL

Mathcad v2000+
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SUMMARY:
DCRT 244-BX Modified for 244-BX DCRT Vauit Case
CASE 6 (Ventilation rate of 3 cth) Use Vertical
DCRT for model Wetted surface area set
at1302sq ft
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate vr = 3 000 -1-1-1_- Nitrate Concentration NO; = 1780
Saltwell Waste Specific Gravitly p =1312 mole
b Nitrite Concentration NO, = 1700
Radiolytic Power of Waste wastepower = 0 656 liter
e Aluminum Concentration Al = 1480 mole
intial DCRT H,, Inventory volz = 0000 i = ter
Hg Inventory Based on CGM?  flag g = "no" TOC Concentration TOC=2630 -l%r.
CGM Measurement CONCLEY, cpmo = O 000 %LFL
- Ammonia Concentration NH; = 14 660 %LFLy3
DCRT Waste Temperature T =320950K Methane Concentration CH, = 0000 %LFL gy

Period 1

s gal
min

intal Flow Rate flow=1000x 10~

Hydrogen Carryover Rate gr.; motar = 0 000 -11%1:
- 1

ﬁ3
O g = 0000~

Time Pumped at Intal Flow Rate  time = 1 000hr

0Lyt

Inthal Fill Factor = 29200%

tvol

Penod 2
6 gal
Second Flow Rate flow, = 1000x 107" —
min
ﬁ3

Hydrogen Carryover Rate  gr, 4, = 0 000 ;;

Vault-BY-106 to 244-BX DCRT-hf mcd

Time pumped at Second flow rate  lm2 = 1 000hr

tvol 2
tvol

Initsal Fill Factor = 29200%

Process Engineenng
CH2M HILL

Mathcad v2000+
BX-6-5
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OUTPUT SUMMARY:
Perniod 1
Inibaf Flow Rate flow = 1 000 x 10‘5-& Time Pumped at Inital Flow Rate tume = 1 000 hr
mm

ol

inibal Fill Factor - ';“‘ = 29200% Final Fill Factor fif = 29 200%
(8

Inial Fill Volume  tvol,,; = 24820 gal Final Fill Volume ffv = 24820 gal

Inthal H2 Concentration (%1 FL) ih2¢ = 0000%

Final H2 Concentration (%LFL) fh2c = 5078 x 103% Final Flammable Gas Concentration (%LFL) ffgc = 14 665%

Ulimate (ss) H2 Concentration (%LFL) uhh2el = 13 545%

Ulbhmate (ss) Flammable Gas Concentration (%LFL)  ubfgel = 28 205%

Penod 2
Second Flow Rate flow, = 1000 x 10“"'ﬂ Time pumped at Second Flow Rate ~ lim2 = 1 000hr
min
tvol,niz
Inthaf Fill Factor = 29200% Final Fill Factor fif2 =29200%
0.
intbal Fill Volume  tvol,,,. = 24320 gal Final Fill Volume ffv2 = 24820 gal

inibal H2 Concentration (%LFL)  1h2¢2 = 5078 x 1073%
Final H2 Concentration (%LFL)  th2¢2 = 0010% Final Flammable Gas Concentration (%LFL) ffge2 = 14 670%

Uttimate (ss) H2 Concentration (%LFL) uhh2¢2 = 13 545%
Ultimate (ss) Flammable Gas Concentration (%LFL) uhfge2 = 28 205%
Maximum %LFL with Loss of Ventlation  LFL,..t preattung == 28 994 %

Time to Reach 25% LFL with Loss of Ventilation Timey ps0q51, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilation Time, sonrpr, = 10 000 x 10%day
Time to Reach 100% LFL with Loss of Ventlation Tumne, joosrer, = 10 000 x 10° day

Process Engineering

Vault-BY-106 to 244 BX DCRT-hf med CH2M HILL
BX-6-6 Mathcad v2000+
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SUMMARY:
DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105
CASE 1 and S-107 dissolved hydrogen
- the inihal condition of the tank 1s 0% full
- this model calulates the remainder until filled
to 80% full with pumping rate of 4 gpm
(Ventlation rate of 5 cfh)
INPUT SUMMARY:
General Data

i mole

DCRT Ventilation Rate vr=35 OOOE Nitrate Concentration NO; = 2 660 m
ier
Saltwell Waste Specific Gravity p = 1 468 mole

Ib Nitrte Concentration NO; = 3 100
Radiolytic Power of Waste wastepower = 1 218 — liter
ft sec

mole

Inibal DCRT H, Inventory V°1}120 = 0000 Aluminum Concentration Al=1 630Er-
Hz Inventory Based on CGM?  flag.gy, = "no TOC Concentration TOC = 3228 %

1

CGM Measurement

CONCY FT, cgmo = 0 000 %LFL

Ammonia Concentration NH; = 0 000 %LFLyys

DCRT Waste Temperature T=348150K Methane Concentration CH,4 = 0 000 %LFL
Period 1
Iniial Flow Rate flow=4 000ﬂ Time Pumped at Inital Flow Rate  time = 34 000 hr
putiinl
tvol
Hydrogen Carryover Rate gr; jopr = 1471 x 1074 molo iniial Fill Factor - ‘;“t = 0000%
= 0
ﬁ3
or  gry=0 135§
Period 2
Second Flow Rate flow, = 4 (}(}Og—al Time pumped at Second flow rate L2 = 35 000 hr
min
ﬂ3 tVOlmltz
Hydrogen Carryover Rate  gr, , = 0135 ™ Inial Fili Factor = 39825%
tvo
-1 Process Engineering
Case 1 Worst Case H2-5X-105 & S 107 5-1-2 CH2M HiLL
dissolved H2 to 244-8 hf med Mathcad v2000+
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OUTPUT SUMMARY:
Peniod 1
gal
inihal Flow Rate flow = 4 000 —
min
0111\11’.
Inthal Rl Factor = 0000%
tvol
Inial Fill Volume  tvol,,,, = 0 gal

inthal H2 Concentrabon (%LFL) 1h2c¢=0000%

Final H2 Concentraton (%LFL) fh2c = 5855%

Time Pumped at Intal Flow Rate time = 34 000 hr
Final Filt Factor fif = 39825%
Final Fill Volume ffv = 8160 gal

Final Flammable Gas Concentration (%LFL) ffgc = 5855%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 16 812%

Ultimate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 16 812%

Penod 2

Second Fiow Rate flow, = 4 000 2l
min

tvol yt?

Inthal Fill Factor =39825%

tvol
Inhal Fill Volume  tvol,,; = 8160 gal

th2¢2 = 5855%
fh2c2 = 20221 %

Inttal H2 Concentration (%LFL)
Final H2 Concentration (%LFL)

Time pumped at Second Flow Rate hm2 = 35000hr
Fmnal Fill Factor fif2 = 80 821%
Final Fill Volume fiv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) ffge2 = 20221%

Ultimate (ss) H2 Concentration (%LFL) uhh2¢2 = 33 072%

Uitimate (ss) Flammable Gas Concentration (%LFL)

Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Ventilation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventilabon

ubfge2 = 33072%

LFLayat brosthung = 1 012 % 10°%

Time; 5051, = 0 000day
Time; spop, = 2 306 day
TlmeQ_loo%LFL = 9 361 d&y

Case 1 Worst Case H2-SX-105 & S 107
dissolved H2 to 244-S hf med

Process Engineenng
CH2M HILL
Mathcad v2000+

S-1-3



RPP-4941 Rev 0 Appendix G

Authorgiﬁ_z{&&?._ Pate _I7Lﬁz_;e‘é Do

SUMMARY:
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DCRT 244-S Time to get to 95% of SS LFL following fill Calculatons based on worst

CASE 1 case hydregen tank 241-8X-105 and $-107 dissoived hydrogen
- the inttial condition of the tank is 0% full
- this model calulates the remainder untl filled to 80% full with pumping
rate of 4 gpm (Ventlation rate of 5 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate =5 000-1;; Nitrate Concentraticn NO;=2 66OTt;-r-
1
Saliwell Waste Specific Gravity p = 1468 mole
b Nitrite Concentration NO; =3 100—
Radiolytic Power of Waste wastepower = 1 218—; liter
ft sec
mole
inttial DCRT H, Inventory volgy = 0000 e Aluminum Concentration Al =1630 e
0
H; inventory Based on CGM?  flag ,, = “no' TOC Concentration TOC = 3 228 8%
hter

CGM Measurement COLCLF, ggmo = O 000 %LFL
- Ammonia Concentration NHj = 0 000 %LFLyg3
DORT Weste Temperaturs T =348 150K Methane Concentration CHj = 0 000 %LFLcyyq
Period 1
Inihal Flow Rate flow =4 000-55-‘1- Time Pumped at Inttal Flow Rate  time = 69 000 hr
min
ol
Hydrogen Carryover Rate  gr,; mopsr = 1 471 x 107° mole Inthal Fill Factor o 0000%
= tier tvol
3
or  gry=0135 .
Period 2
Second Flow Rate  flow, = 1 000 x IO‘GEL Time pumped at Second flow rate  Iim2 = 212 000 hr
min
3 tvol
Hydrogen Carryover Rate  gr,p = 3 369 x 10”8-15; Inthal Fill Factor w"i'a =80821%
0

Case 1-4-gpm-Worst Case H2-SX-105 & S-107
dissolved H2 to 244 S-hf med

S-1-4

Process Engineenng
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OUTPUT SUMMARY:
Peniod 1
Iniial Flow Rate flow = 4 000 % Time Pumped at Intal Flow Rate time = 69 000 hr
iniial Fill Factor tv::;“t = 0000% Final Fili Factor fif = 80821%
Intial Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 16560 gal

Inthal H2 Concentration (%LFL) 1ih2c = 0 000%

Final H2 Concentration (%LFL) fh2c=20221% Final Flammable Gas Concentration (%LFL) ffgc = 20221 %

Ulbmate (ss) H2 Concentration (%LFL) uhh2c] = 33 072%

Ultmate (ss) Flammable Gas Concenfration (%LFL)  uhfgel =33072%

Period 2
Second Flow Rate flow, = 1 000 x 10‘63—ﬂlI Time pumped at Second Flow Rate hm2 =212 000 hr
min
tVOlmla
Inttal Fill Factor ool =80821% Final Fill Factor fif2 = 80 821%
0,
Indat Fill Volume  tvol,,0 = 16560 gal Final Fill Volume ffv2 = 16560 gal

Inthal H2 Concentrabon (%LFL) th2c2 = 20221%
Final H2 Concentration (%LFL)  fh2c2 = 31 409% Final Flammable Gas Concentration (%LFL) ffge2 = 31 409%

Ulimate (ss) H2 Concentration (%LFL) uhh2c2 = 33 072%
Ultmate (ss) Flammable Gas Concentration (%LFL) uhfge2 = 33072%
Masimum %LFL with Loss of Ventlation  LFLy, reatiung = 1 012 % 10°%

Time to Reach 25% LFL with Loss of Ventilation Timey 5o 51, = 0 000 day
Time to Reach 50% LFL with Loss of Venblation Time; sgoqpr = 2 306 day
Time to Reach 100% LFL with Loss of Ventlation Time; ygpopr, = 9 361 day

Process Engineenng

Case 1-4-gpm-Worst Case H2-8X-105 & $-107 CH2M HILL
dissolved H2 to 244 S-hf med S-1-5 Mathcad v2000+
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SUMMARY:
DCRT 244-S Calculations based on worst case hydrogen tank 241-8X-105 and
CASE 2 $-107 dissolved hydrogen
- the inihal condiion of the tank 1s 0% fuli
- this model calulates the remainder until filled to 80% full with
pumping rate of 4 gpm (Ventlahon rate of 5 cfh)
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate vr = 5000 v Nitrate Concentration NO; =2 660 e
Saltwell Waste Specific Gravity p = 1468 mole
b Nitnte Concentration NO, =3 100
Radiolytic Power of Waste wastepower = 1218—— liter
ft sec
mole
Intial DCRT H, Inventory volggy = 0000 W Aluminum Concentration Al = 1630 -
0
H; Inventory Based on CGM?  flag,,,, = 'no" TOC Concentration TOC = 3228 _fl_n
ter
CGM Measurement CONCYFy, cpmo = 0 000 %LFL
- Ammoma Concentration NH; = 0 000 %LFLy
DCRT Waste Temperature T =348 150K Methane Concentration CH, = 0 000 %LFL g
Peniod 1
inthal Flow Rate flow = 4 000 el Time Pumped at Inttal Flow Rate  time = 34 000 hr
min
_4 mole oyt
Hydrogen Carryover Rate  gr, motar = 1471 x 1077 —— Inial Fill Factor =0000%
- liter tvol
#
OF g =0135—
Period 2
Second Flow Rate  flow, = 4 Ooo_ga__l_ Time pumped at Second flow rate  I'm2 = 35 000 hr
min
ﬁ3 tVOquQ
Hydrogen Carryover Rate  gr, =0 135E Inthal Fill Factor R 39825%
0

Process Engineering
Case 2-Worst Case H2-SX-105 & S-107 CH2M HILL
dissolved H2 to 244 S-hf med S-2-2 Mathcad v2000+
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OUTPUT SUMMARY:
Pernod 1
gal
inhal Flow Rate flow = 4 000 =
min
tvol e
Inttral Fill Factor =0000%
tvol
Inbal Fifl Volume  tvol,,, = O gal

Time Pumped at Inital Flow Rate

Final Fill Factor

Final Fill Volume

Inthal H2 Concentraton {%LFL) 1h2ec = 0000%

Final H2 Concentration (%LFL) fh2c = 5855%

Utbmate (ss) H2 Concentration (%LFL) uhh2cl = 16812%

Ultimate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 16 812%

fif =39825%

ffv = 8160 gal

Period 2
gal
Second Flow Rate  flow, = 4 000 =—
min
tvol
Inttal Fill Factor 2 _39825%
tvol

Intal Fifl Volume  tvol, ¢y = 8160 gal

Inhal H2 Concentration {%LFL)

Time pumped at Second Flow Rate

Final Fil} Factor

Finat Fill Volume

th2c2 = 5855%
Finai H2 Concentration (%LFL) fh2c2=20221%

Ultimate (ss) H2 Concentration (%LFL) uhh2¢2 = 33072%

Uitmate (ss) Flammable Gas Concentration (%LFL)

Maximum %LFL with Loss of Ventilahon

Time to Reach 25% LFL with Loss of Ventilahon
Time to Reach 50% LFL with Loss of Venhlation
Tune to Reach 100% LFL with Loss of Venhlaton

uhfge2 = 33072%

LFL gyt breathung = 1012 x 10°%

Tlm%_zs%LFL = 0000 day
Tunez_m%LFL = 2 306 day

Time, yopoerr, = 9 361 day

fif2 = 80 821 %

ffv2 = 16560 gal

Case 2-Worst Case H2-SX-105 & S-107
dissolved H2 to 244-8 hf med

§-2-3

Checked byW Date _//2&/ 02

time = 34 000 hr

Final Flammable Gas Concentration (%LFL) ffgec = 5855%

Im2 = 35000 br

Final Flammable Gas Concentraton (%LFL) ffge2 = 20221%

Process Engineering
CH2M HILL
Mathcad v2000+
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Authorw%_ Date lzagoo Checked by, Wme /20

DCRT 244-S
Case
Table $3-1 Henry's Law Constant Calculation for Tank S-107 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet
244-S
Source Tank 5-107
Dilutron Ratio 01 Correction Factor for Schumpe Model 1
Recewing Tank 244 S
Liquid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; pg/mi 1| |Percent Fill of Recewving Tank % 80
Na*' pg/mi 126749| {Volume of Vapor Space L 15359
Al g/l 7731/ [Length of Waste Fall ft 31
Fe* ug/ml 20( |Inside Diameter of Receving Tank ft 15
cr pgfmi 1220, jFlow Rate of Waste gpm 4
Ni*2 pg/ml 8| |Total Pressure in Vapor Space atm 1
K* po/ml 1285} [Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 0| [Total Ventidation Flow Rate for Stack cfm 005
NO, ' ng/ml 93425| |Total Bubbler Flow Rate cth 3
NO, ' ng/ml 46735/ [Temperature of Air in Vapor Space °F 107 8
CO,32 pg/mi 0| |Stream Diameter inches 1
PO, pg/ml 3854 (Tortuosity Factor unitless 1
80, ° pg/ml 3642] {Initial Congentration of NH; in the Vapor Phase |mole/m® 0
F1 ug/ml 327| |Surface Area of Still Waste m? 16 417
cl’ pg/ml 3542| |Fumigation Divisor at 100 meters unitiess 1
L+ pgfml 0| INon Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 01 {Correction Factor for Schumpe Model unitless 1
%H,0 % 68 21
Specific Gravity unifless 1238
Total Organic Carbon g/t 0
Cs-137 pCi/ml 0
Temperature °F 106

S-3-2
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bo  Hhdliai ou [ fof 0
Author, ﬂ%« Date 4;/7»’(/ Checked by, Date

PCRT 244-5
Case 3
Table 83-1 (Cont'd) Henry's Law Constant Calculation for Tank $-107 (2 pages)

Source Tank {S 107 INPUT DATA [Date 36547 33921 Revision O{NH;

Dilution Ratio [0 1 ug/mi

lon MW ¢l {moles/L} hi hi*et 1

Na*! 2298 b5132231 01143] 0630161405|From Weisenbsrger & Schumpe (1996) molesiL

AI? 26 98 0 29 02174] 0062295011 5 87175E-05

Fe™ 55 85 0 00 01161] 4 15756E-05

cr 52 2 2346E 02 00648| 0 001520308|Gas h(T) h (G 0)

Ni* 5871 1431E04 01654| 2 36648E-05

K 3909 3 287E 02 00922| 0003030877 |Ammonia 0 00481

OH' 17 0074 0 00 0 0839 O |Hydrogen -0 209 00218

NO, 1 62 0049 181 00128| 0019286218{Methane -0524 00022

NO, 1 46 0055 t 02 00795 0080760616

CO,* 60 0092 000 01423 0

PO4'3 94 9676 004 02119| 0008599381

S0, 2 96 0576] 3 791E 02 01117 0004235078

F! 19| t 721E 02 0092 0001583368

cr’ 35453| 9 991E 02 00318] 000317704

L+ 894 0 00 00754 0

Br' 79 916 0 OOCE + 00 0 0269 0
Average

8 57481132 0 814714542

Mass fraction water in g 068 Temperature

Liquid density (kg/m3) 1238 GO0 deg F

T(C) 41 106
Temperature
deg C
41 11111111

PNL 10785
Schumpe Schumpe pure water K _|mol/L{lq) atm |NH3
gmoles/L (Iiq )|h (G} Kwater/Ksalt  [{mol/kgwir at |Henrys K Part P _atm

Ammonia 5 87175E-05 -0 0481| 2 525027532| 29 44631257 | 9 847670167 | 5 D6258E-06

Hydrogen 2 662E-02 3 859E+00 7 371ED4 1 613E-04} 0 0OOE+00

Methane -5 242E-03 5 770E+00 1 131E-03 1 655E-04] 0O 000E+00

S-3-3
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DCRT
Case

Table §3-2 Henry's Law Constant Calculation for Tank $X-102 (2 pages)

2448

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX-102
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244.5

Liguid Waste Characternstics (Source Tank) Tank Characternistics {(Receiving Tank)
Parameter Units Value Parameter Units Value
NH; pg/ml 1370] |Percent Fill of Recenving Tank % 80
Na*' ug/mi 2350001 |Volume of Vapor Space . 15359
Al ng/mi 45600| [Length of Waste Fall ft 31
Fe pg/mi 36| |Inside Diameter of Receving Tank ft 15
cr'® pg/ml 2770| |Flow Rate of Waste gpm 4
NIt pg/ml 15| [Total Pressure in Vapor Space atm 1
K pna/ml 3550| |Ventilation Flow Rate for Receving Tank cfm 005
OH'! pg/mi 50050| |Total Ventilation Flow Rate for Stack cfm 005
NO3 ! pg/mi 158001]| |Total Bubbler Flow Rate cfh 3
NO, ! pg/mi 151000| | Temperature of Air in Vapor Space °F 143 8
CO;2 ng/mi 8800/| [Stream Diameter inches 1
PO, pg/ml 3490| | Tortuosity Factor unitiess 1
S0,* pg/mi 3330/ |Inttial Concentration of NH; in the Vapor Phase [mole/m” 0
F! pg/mi 78| |Surface Area of Still Waste m* 16 417
cl' pg/mi 10200| [Fumigation Divisor at 100 meters unitiess 1
L+t png/ml 0] INon Fumigation Divisor at 100 meters unitiess 1
Br' ug/mi 0] |Correction Factor for Schumpe Model unitless 1
%H0 % 48 03
Specific Gravity unitless 145
Total Organic Carbon |g/l 151
Cs-137 nCimil 438
Temperature °F 142

S-3-4
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/

DCRT 244-8
Case 3
Table 53-2 (Contd) Henry s Law Constant Calculation for Tank S$X 102 {2 pages)

Source Tank |$X 102 INPUT DATA |Date 36547 34767 Revision 0{NH;

Diluton Ratio [0 1 ug/ml

len MW ot (moles/L) ht hi*ei 1370

Na*! 2289| 10221838 01143 1168356055 |From Weisenberger & Schumpe (1996) moles/L

Al 26 98 169 02174 0367436802 0 080442865

Fe" 55 85 000 01161| 7 58755E-05

cr® 52| 5 327E 02 00648 0003451837|Gas h(T) h(G 0}

Ni* 5871| 2 470E 04 01654| 4 08499E-05

K 3809 9 082E 02 00922 0008373255|Ammenia 0 -0 0481

OH' 17 0074 2 94 00839) 0 246903995 |Hydrogen -0 289 00218

NO, T 62 0049 26b 00128| 0 032616922 |Methane 0524 00022

NO, ' 46 0055 328 00795 0260936365

COo,° 60 0092 015 01423 0020867482

PO 94 9676 004 02119| 0007787204

80, 2 96 0576 3 467E 02 01117 0003872267

F' 19 4 10BE 03 0092 0000377684

cr! 35453 2 877E 01 00318{ 0009149011

L 694 000 0 0754 0

gr! 79 916| 0 OOCE+00 00269 0
Average

21 34008819 2 130245706

Mass fraction water in lig 048 Temperature

Liquid density (kg/m3) 1460 000 deg F

T(C) 61 142
Temperature
deg C
61 11111111

PNL 10785
Schumpe Schumpe pure water K [mol/L{lig) atm |NH3
gmoles/L (Iig )|h {G) Kwater/Ksalt  [(mol/kgwir at |Henrys K Part P atm

Ammonia 0 080442065 00481 1269952459] 13 11687776| 0 71932242 | 0 111831583

Hydrogen 3 260E-02 2 720E+01 7 293E-04 1 867E-05| 0 000E+G0

Methane 1 672E-02 5 935E+01 9 547E-04 1 120E-05] 0 000E+00
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DCRT 2445
Case
Table $3-3 Henry's Law Constant Calculation for Tank SX-103 (2 pages)
Input Data for Henry s K calcutation and the Dynamic Spreadsheet
244-S
Source Tank SX-103
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8
Liquid Waste Characteristics {Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH3 pg/mi 1800| |Percent Fill of Receiving Tank % 80
Na*! pg/ml 237393) |Volume of Vapor Space L 15359
Al pg/mi 44121| {Length of Waste Fall ft 31
Fe* pug/mi 32| |Inside Diameter of Receiving Tank ft 15
cr'? ugfmi 84| {Flow Rate of Waste gpm 4
Ni*? pg/mt 13| [Total Pressure In Vapor Space atm 1
K" pngfml 4242] |Ventifation Flow Rate for Recerving Tank cfm 005
OH' png/mi 41517 [Total Ventilation Flow Rate for Stack cfm 005
NO, pg/ml 158629| Total Bubbler Flow Rate cfth 3
NO,* pg/mi 158479 | [Temperature of Air in Vapor Space °F 162 8
CO,5° pg/ml 12750| |Stream Diameter inches 1
PO, ng/mi 3329| |Tortuosity Factor unitless 1
S0,% pg/mi 2014/ {Imbial Concentration of NH3 in the Vapor Phase |mole/m® 0
F' ng/mil 101| |Surface Area of Still Waste m?* 16 417
cl' pg/mi 109961 |Fumigation Divisor at 100 meters Unitless 1
L pg/mi 0] |[Non-Fumigation Divisor at 100 meters unitless 1
Br! pgfml 0} [Correction Factor for Schumpe Model unitiess 1
%H,0 % 46 95
Specific Gravity unitiess 147
Total Organic Carbon |g/l 3 051
Cs-137 pCiimil 440
Temperature °F 161
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44-S

DCRT 2
Case 3
Table §3-3 (Cont'd) Henry s Law Constant Calculation for Tank SX-103 (2 pages)

Source Tank |SX 103 INPUT DATA |Date 36547 34508 Rewvision O|NH;

Dilution Ratio |0 1 ug/ml

lon MW ¢l {moles/L) hi hi*cr 1800

Na*! 2299| 10 325936 0 1143| 1 180254342 From Weisenberger & Schumpe (1896) moles/L

Al 26 98 1 64 02174| 0355519272 0 106691487

Fe® 55 85 000 01161| 667289E-05

crt® 52 1 608E 03 00648 0 000104178|Gas h (T) h (G 0)

Ni* 58 71] 2 180E 04 0 1654| 3 60606E-05

K 3909| 1 OBBE O1 00922] 0 010005419|Ammonia 0 -0 0481

OH' 17 0074 2 44 00839 0204809454 [Hydrogen -0 289 00218

NO; 1 62 0049 2 b6 00128 0 03274666 | Methane 0524 00022

NO,’ 46 0055 344 00795 0273860708

CO;»,2 60 0092 021 01423 0030234116

F‘O.,'3 94 9676 004 02119 0007427969

S0,° 96 0576| 2 097E 02 01117 0002341971

Fl 19| & 316E 03 0092] 0000489053

crt 35453 3 102E 01 00318] 0009862993

L 6 94 000 00754 0

Br! 79 916| 0 OOOE +00 0 0269 0
Average

21 10037354 2107758925

Mass fraction water in liq 047 Temperature

Liquid density (ka/m3} 1470 000 deg F

T(C) 72 161
Temperature
deg C
71 66666667

PNL 10785
Schumpe Schumpe pure water K Imol/L{lq) atm |[NH3
gmolesiL (Iq )(h (G} Kwater/Ksalt _ [(mol/kgwir at [Henrys K Part P_atm

Ammonia 0 105691487 -0 0481 12 38314497| 8 863887473| 0 494021907 | 0 21394083

Hydrogen -3 575E-02 2 266E+01 7 432E-04 2 273E-05] 0 QQ0E+D0

Methane 2 225E-02 4 347E+01 9 109E-04 1 446E-05| 0 000E+00
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DCRT 2448
Case 3

Table $3-4 Henry's Law Constant Calculation for Tank $X-105 (2 pages)
input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-S

Source Tank SX-105
Bilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-8

Liquid Waste Charactenstics {Source Tank) Tank Characternstics (Receving Tank)
Parameter Units Value Parameter Units Value
NH; ug/ml 1210| |Percent Fill of Receiving Tank % 80
Na"’ pg/mi 235679| |Volume of Vapor Space L 16359
Al pg/mi 44040| |Length of Waste Fall ft 31
Fe* pgéml 30| |Inside Diameter of Receiving Tank ft 15
cr*® pg/ml 338/ |Flow Rate of Waste gpm 4
NI*2 pg/ml 12| |Total Pressure In Vapor Space atm 1
K ug/ml 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/ml 40939| [Total Ventilation Flow Rate for Stack ¢fm 005
NO, ' pg/mi 164776 | Total Bubbler Flow Rate cfh 3
NO, ' ng/mi 142805 | | Temperature of Air in Vapor Space [°F 168 8
CO,° pg/mi 14131] {Stream Diameter Inches 1
PO," pg/ml 32686{ |Tortuosity Factor unitless 1
80,2 ug/ml 4194/ [inhial Concentration of NH; in the Vapor Phase [mole/m® 0
F' pg/mi 104/ |Surface Area of Still Waste m? 16 417
c’ pg/ml 8998| jFumigation Divisor at 100 meters unitless 1
Lt pa/mi 0! INon Fumigation Divisor at 100 meters unitless 1
Br' ugfmik 0} [Correction Factor for Schumpe Model unitless 1
%HMH,0 % 42 87
Specific Gravity unitless 1 468
Total Organic Carbon |g/l 3228
Cs-137 uCiiml 384
Temperature °F 167
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Amor&%@&; Date_{ /24/00 Checked by_%é/[ﬂ_ Date_{/26/7

DCRT 244-8
Case 3
Table $3-4 (Cont'd) Henry s Law Constant Calculation for Tank SX-105 (2 pages)
Source Tank |SX 105 INPUT DATA [Date 36547 34508 Rewvision O[NH,
Dilution Raho [0 1 ug/ml
lon MW ¢l {moles/L) hi hi*ct 1210
Na*' 2299| 10 251362 01143} 1 171728581 |From Weisenberger & Schumpe (1996) moles/L
Al* 2698 163 02174 035486642 0 071048166
Fe™ 55 85 0 00 01161 6 24862E-05
e 52| 6 491E 03 00648 0000420627 |Gas h{(T) h{G0)
Ni*2 5871] 2041E04 01654| 3 37609E-05
K" 3909] 8 636E 02 00922 0007961423 Ammonia 0 -0 0481
OH' 17 0074 24 00839 0201958095 |Hydrogen -0 299 00218
NO; 1 62 0049 2 66 00128| 0034015512]Methane 0524 Q0022
NO, T 46 0055 310 00795| 0246775523
CO,; 2 60 0092 024 01423| 0033508286
PO‘,'3 94 9676 003 02118| 0007286383
§0,° 960576 4 366E 02 01117} 0004877295
F' 19| B 466E 03 0092] 0000502894
cr’ 35453 2 B3SE O1 00318 0008070632
Lt 694 000 0 0754 0
Br' 79 916] 0 OOOE + 00 00269 0
Average
20 71872705 2 0720688917
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3) 1468 €00 deg F
T(C) 75 167
Temperature
deg C
75
PNL 10785
Schumpe Schumpe pure water K_[mol/L{lig) atm [NMH3
gmoles/L (I )|k (G) Kwater/Ksalt  {(mol/kgwir at |Henrys K Part P atm
Ammonia 0 071048166 00481 11 89866249{ 7 867518994| 0 416120578 [ 0 170735371
Hydrogen 3 675E-02 2 045E+01 7 489E-04 2 308E-05] 0 O00E+00
Methane 2 400E-02 3757E+01] 9021E-04] 1511E-05] 0 000E+00
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Case

244-S

Table S3-5 Henry's Law Constant Calculation for Tank SX-102 (2 pages)

Input Data for Henry

s K calculation and the Dynamic Spreadsheet

244-$
Source Tank SX-102
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Recewing Tank 244-8

Liqud Waste Charactenstics (Source Tank) Tank Characternistics (Receiving Tank)

Parameter Units Vailue Parameter Units Value

NH; ug/mi 1370/ |Percent Fill of Receving Tank % 80
Na*? pg/mi 235000] {Volume of Vapor Space L 153569
Al ng/mi 45600| |Length of Waste Fall ft 31
Fe* ug/ml 36| [Inside Diameter of Receving Tank ft 15
cr pg/ml 2770/ [Flow Rate of Waste pm 4
NI pg/mil 15| |Total Pressure th Vapor Space atm 1
K ug/mi 3550]| |Ventilation Flow Rate for Receiving Tank cfm Q05
OH' png/ml 50050} [Total Ventilation Flow Rate for Stack cfm 005
NO; ! pg/ml 168001 | |Total Bubbler Flow Rate cfh 3
NO, pg/mi 151000| | Temperature of Air in Vapor Space F 143 8
CO;° pg/mi 8800| |Stream Diameter inches 1
PO, ng/mi 3490| |Tortuosity Factor unitless 1
80,° ug/mi 3330| |Initial Concentration of NHj in the Vapor Phase |[mole/m® 0
F' pg/ml 78| |Surface Area of Still Waste m? 16 417
ct’ pg/ml 10200/ |Fumigation Diviser at 100 meters unitiess 1
L pg/ml 0| |Non Fumugation Divisor at 100 meters unitless 1
Br' ug/mi 0| jCorrechion Fastor for Schumpe Model unitless 6
%H0 % 4803

Specific Grawvty unitless 145

Total Organic Carbon |g/i 151

Cs-137 pCi/ml 438

Temperature °F 142
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Case 3
Table §3-5 (Contd) Henry s Law Constant Calculation for Tank SX-102 (2 pages)

Source Tank [SX-102 INPUT DATA |Date 36547 37592 Revision DO[NH;

Dilution Ratio |01 ug/ml

lon MW c1 {moles/L) hi hi*cl 1370

Na"' 2298| 10221838 0 1143] 1 168356055|From Weisenberger & Schumpe (1996) moles/L

Al 26 68 169 02174] 0367436902 0 080442965

Fe® 55 85 0 00 01161| 7 58755E-05

cr? 52| B 327E 02 0 0648| 0003451837 |Gas h(T) h (G 0)

Ni*2 5871| 2 470E04 01654| 4 08499E-05

K 3909 9 OB2E 02 00922 0 008373255|Ammornia 0 -0 0481

OH' 17 0074 2 94 00839 0 246903995 Hydrogen -0 299 00218

NO; 1 62 0049 2 6B 00128 0032616922|Methane 0524 00022

NO, T 46 0055 328 00795 0260936365

CO,° 60 0092 016 01423 0020867482

PO 04 9676 004 02118] D 007787204

SO.;2 96 0576{ 3 467E 02 01117 0003872267

F! 19| 4 10BE 03 0092] 0000377684

cr! 35453| 2 877E 01 00318] 0009149011

Li*! 6 94 0 00 00754 0

Br' 79 916| 0 00OE+00 0 0269 0
Average

21 34008819 2 130245706

Mass fraction water in lig 048 Temperature

Liquid density (kg/m3) 1450 000 deg F

T(C} 61 142
Temperature
deg C
61 11111111

PNL 10785
Schumpe Schumpe pure water K _[mol/L{liq} atm |NH3
gmeles/L (g )b (G) Kwater/Ksalt  |(mol/kgwir at |Henrys K Part. P atm

Ammonia 0 080442965 00481 2116587432| 13 11687776| 4 315934518 | 0 018638597

Hydrogen -3 260E-02 2 720E+01 7 293E-04 1867E-05| 0O0C0E+HOOQ

Methane 1 672E-02 5 935E+01 9 547E-04 1 120E-05] 0 O00E+00
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SUMMARY: DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and

mole

CASE 3 $-107 dissolved hydrogen
- the inital condrion of the tank i1s 0% full
- this model calulates the remainder unti filled to 80% full with
pumping rate of 4 gpm (Venhiaton rate of 5 cfh) Includes ammoma
from $X-102 and methane from $-107
INPUT SUMMARY:
General Data
3
DCRT Ventilaton Rate vw=5 OOOFh-r- Nrtrate Concentration

Saltwell Waste Specific Gravity p =1 468

Radiolytic Power of Waste

Inhial DCRT H; Inventory volmo = 0 0008°

H Inventory Based on CGM?  flag,,,, = no"

CGM Measurement

Ib

wastepower = 1 218 ——
ft sec®

CONOLET, cqmp = 0 000 %LFL

NO; =2 660 —
liter

Nitrite Concentration NO, =3 100 mole
hter
Alurminum Concentration Al=1630 I:m]e
1ter

TOC Concentration TOC =3228 £
hter

Ammonia Concentration NH; = 72 150 %LFLy

DCRT Waste Temperature T=348 150K Methane Concentration CH, = 1 890 %LFLy,
Peniod 1
Inthal Flow Rate flow = 4 {')()Og—al Time Pumped at Intal Flow Rate  time = 34 000 hr
min
1
Hydrogen Carryover Rate gr.| motar = 1 471 x 10"‘&le Intial Fill Factor Pt _ 0000%
- Iiter tvol
2
OF  grg=0135—
Period 2
Second Flow Rate flow, =4 {)Oog—al Time pumped at Second flow rate  Im2 = 35000 hr
min
3 tvol
Hydrogen Carryover Rate  gr, =0 135% Intal Fill Factor tvmlla =39825%
0]

Case 3-Worst Case H2-SX-105 & S-107
dissolved H2 and SX 102 NH3 to 244 S-hf med

$-3-16

Process Engineertng
CH2M HiLL
Mathcad v2000+
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OUTPUT SUMMARY:
Perniod 1
gal
Inihal Flow Rate flow = 4 000 =—
min
tVOInut
Inihal Fill Factor = 0 000%
tvol
Intial Fill Volume  tvol,,, = O gal

Inihial H2 Concentration (%1LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c = 5855%

Time Pumped at Inital Flow Rate time = 34 000 hr
Final Fill Factor fif =39825%
Final Fill Volume ffv = 8160 gal

Final Flammable Gas Concentration (%LFL) fifgc = 79 895%

Ulbmate (ss) H2 Concentration (%LFL} uhh?2cl = 16 812%

Ulhmate (ss) Flammable Gas Concentrahon (%LFL)

uhfgel = 88 962 %

Period 2
gal
Second Flow Rate  flow, = 4 000—
Imn
tvol
Intial Fili Factor 2 39825%
tvol

Inthal Fill Volume  tvol, 4, = 8160 gal

th2c2 = 5855%
th2e2 =20221%

Inihal H2 Concentration (%IFL)
Final H2 Concentration (%LFL)

Time pumped at Second Flow Rate hm2 = 35 000 hr
Final Fill Factor fif2 = 80821 %
Final Fill Volume ffv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) ffgc2 = 94 261%

Ultmate (ss) H2 Concentration (%LFL) uhh2c2 = 33 072%

Ulhimate (ss)} Flammable Gas Concentration (%LFL)

Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Venhlaton
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventilation

uhfge2 = 105 222%

LFLyat breathung = 1 023 x 10°%

Tm%_zsuﬂ, = 0000 day
Time, sgour, = 0 000 day
Tﬂnez_loo%Ll;L = 0000 day

Case 3 Worst Case H2-8SX-105 & 8-107
dissolved H2 and SX-102 NH3 to 244 S hf med

Process Engineenng
CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-8 Calculations based on worst case hydrogen tank 241-SX-105 and $-107
CASE 3 dissolved hydrogen
- the inhal condihion of the tank 1s 0% full
- this model calutates the remainder untl filled to 80% full with
pumping rate of 4 gpm (Ventilation rate of 5 cfh)—Includes ammonia

from SX-102 (WSU model) and methane from S-107
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate vr=35 000-1; Nitrate Concentration NO; =2 660—]-1-t;r~
Saltwell Waste Specific Gravity p =1 468 mole
b Nitrte Concentration NO, =3 100
Radiolytic Power of Waste wastepower = 1218 " liter
ft sec
mole
Inttal DCRT H, Inventory volggy = 0000 W Aluminum Concentration Al=1630 e
) R
0 1
Hz Inventory Based on CGM?  flageyy, = 'no TOC Concentration TOC = 3228 f‘i‘“—
iter
CGM Measurement CONOY FT, ogmo = 0 000 %LFL
- Ammonia Concentration NH; = 12 000 %LFLyqy3
DCRT Waste Temperature T =348 150K Methane Concentration CH, = 1 890 %LFLoyys
Period 1
Inhal Flow Rate flow = 4 000ﬂ Time Pumped at Inital Flow Rate  time = 34 000 hr
min
ol
Hydrogen Carryover Rate gr.; ot = 1 471 x 10_4% Inthai Fill Factor 2 = 0000%
= liter tvol
P
OF gy =0135-—
Period 2
Second Flow Rate flow, = 4 000ﬂ Time pumped at Second flowrate  Im2 = 35 000 hr
min
ﬁ3 WOIlmt:Z
Hydrogen Carryover Rate  gr 1, =0135 o Inthal Full Factor = 39825%
tvo
Process Engineering
Case 3 Worst Case H2 3X-105 & 8 107 CH2M HILL
dissolved H2 and §X-102 NH3-WSU to 244-8 Mathcad v2000+

hf med 5"3-18
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OUTPUT SUMMARY:
Period 1
gal
Inihal Flow Rate fiow = 4 000 =—
min
OImlt
Inthal Fill Factor =0000%
tvol
Inhal Fill Volume ol = 0 gal

inial H2 Concentration (%LFL) 1h2c= 0000%

Final H2 Concentration (%LFL) fh2c = 5855%

Time Pumped at Inttal Flow Rate time = 34 000 hr
Final Fill Factor fif =39825%
Final Fill Volume ffv = 8160 gal

Final Flammable Gas Concentration (%LFL) ffge = 19745%

Ultmate (ss) H2 Concentration (%LFL) uhh2c] = 16 812%

Ultimate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 28 812%

Penod 2

Second Flow Rate flow, = 4 000-E2-
min

WOInutZ
tvol

Inthal Fill Factor =39825%

Inthal Fill Volume  tvol,;» = 8160 gal

th2¢2 = 5855%
th2c¢2 = 20221%

Inihal H2 Concentraton (%LFL)
Final H2 Concentration (%LFL)

Time pumped at Second Flow Rate lim2 = 35000 hr

Final Fill Factor 2 =80821%

Final Fill Volume fiv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) fige2 =34 111%

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

Ultimate {(ss) Flammable Gas Concentration (%LFL)
Maxirmum %LFL with Loss of Ventlation

Time to Reach 25% LFL with Loss of Venhlation
Time to Reach 50% LFL with Loss of Ventilaton
Time to Reach 100% LFL with Loss of Ventilation

uhfge2 = 45072%

LFLyat broathung = 1 014 x 10°%

TlIIl?Q_stFL = 0000 day
Tnnez_so%LFL = 0667 day
Tume; yop0rr, = 7 633 day

Case 3 Worst Case H2-8X-105 & 8-107
dissolved H2 and SX-102 NH3 WSU to 244 S-
hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and
CASE 4 £-107 dissolved hydrogen
- the iniial condrtion of the tank i1s 0% full
- this mode! calulates the remainder undl filled to 80% full with
pumping rate of 4 gpm (Ventilation rate of 5 cfh) Includes ammonta
from SX-102 and methane from $-107

INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate r=35 OOOE Nitrate Concentration NO; = 2660 .
1
Saltwell Waste Specific Gravity p = 1 468 mole
b Nitrite Concentration NO, =3100
Radiolytic Power of Waste wastepower = 1218 ; liter
ft sec
mole
Intbal DCRT H, inventory volygy = 0000 & Aluminum Concentration Al=1630 —
[4
Hz Inventory Based on CGM?  flag, gy, = "no” TOC Concentration TOC = 3228 fg;_:r'
1
CGM Measurement CONCp gy, ogmo = 0 000 %LFL
- Ammonia Concentration NH; = 72 150 %LFLygy3
DCRT Waste Temperature T=348150K Methane Concentration CHy = 1 890 %LFLcyyq
Perniod 1
Inthal Flow Rate flow=4 000-5-"’ll Time Pumped at Inital Flow Rate  time = 34 C00hr
min
ol
Hydrogen Carryover Rate  gr; o = 1 471 x 1074 m::e Indral Fill Factor - ';“t =0000%
- T (o]
8
ar Lol = 0135 —h;.
Penod 2
Second Flow Rate  flow, = 4 000 gl Time pumped at Second flowrate  1im?2 = 35 000 hr
min
ﬁ3 WOILmt’z
Hydrogen Carryover Rate  gr,.;, = 0135 - Intbal Fill Factor = 39825%
tvo
Process Engineering
Case 4 Worst Case H2 $X-105 & 8-107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244 S-4gpm- Mathcad v2000+
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OUTPUT SUMMARY:
Period 1
gal
Inthal Flow Rate flow = 4 000 =
min
Oqut
Inthial Fill Factor =0000%
tvol
Intial Fill Volume  tvol,,, = 0 gal

Inhal H2 Concentrafion (%LFL) 1h2c = 0000%
Final H2 Concentration (S6LFL) fh2c =5855%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 16812%

Ulimate (ss) Flammable Gas Concentration (%LFL)

Time Pumped at Inital Flow Rate time = 34 000 hr
Final Fill Factor fif = 39 825%
Final Fill Volume fiv = 8160 gal

Final Flammable Gas Concentration (%LFL) ffgc = 79895%

uhfgel = 88 962 %

Period 2
gal
Second Flow Rate flow, = 4 000 =—
min
tvol
Inthal Fill Factor w2 _ 39825%
tvol

Inbal Fill Volume  tvol,,;, = 8160 gal

th2¢2 = 5 855%
th2c2 = 20221 %

Inthal H2 Concentration (%LFL)
Final H2 Concentration (%LFL)

Ultimate (ss) H2 Concentration (%LFL) uhh2¢2 = 33072%
Utbmate (ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventlahon

Time to Reach 25% LFL with Loss of Ventilahon
Time to Reach 50% LFL with Loss of Ventilahon
Time to Reach 100% LFL with Loss of Ventitabon

Time pumped at Second Flow Rate hm2 = 35000 hr
Final Fili Factor fif2 =80821%
Final Fill Volume ffv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) ffgc2 = 94 261%

uhfge2 = 105 222%
LFLpat breathung = 1 023 x 10°%

Tlln%_zs%LFL = 0000 day
Tln’l&z_su ALFL = 0 000 day
Timey jggorrr = 0 000 day

Case 4-Worst Case H2-SX 105 & 8-107
dissolved H2 and SX-102 NH3 to 244 S-4gpm-
hf med

Process Engineenng
CH2M HiLL
Mathcad v2000+
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SUMMA_RY: DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and
CASE 4 $-107 dissolved hydrogen
- the inthal condition of the tank is 0% full
- this model calulates the remainder until filled to 80% full wath
pumping rate of 8 gpm (Ventilation rate of 5 ¢fh) Includes ammonia
from SX-102 and methane from S-107

INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate =35 000-h-r- Nitrate Concentration NO;=2 660-1—t——
Ier \
Saltwell Waste Specific Gravity p = 1468 mole
b Nitrite Concentration NO, =3100
Radiolytic Power of Waste wastepower = 1 218 ; iter
ft sec
mole
Inttial DCRT H,, Inventory volg, = 0000 & Aluminum Concentraton Al = 1630 ter
i
i —_ N
H, Inventory Based on CGM flag.gn = "no TOC Concentration TOC = 3 228 Ig:i
ier
CGM Measurement concpyy, cgmo = 0 000 %LFL
B Ammonia Concentration NHj; = 72 150 %LFLygs
DCRT Waste Temperature T=348150K Methane Concentration CHy = 1 890%LFLcyy
Penod 1
Inthal Flow Rate flow = 8 ogo_gi Time Pumped at Inttal Flow Rate  time = 17 000 hr
nmun
ol
Hydrogen Carryover Rate  gr,.; ope = 1 471 x o4 Tole Inthial Fll Factor 2~ 0000%
- hiter tvol
iy
or  gr=0 269-1;
Penod 2
Second Flow Rate flow, =8 ooo-g—a-'- Time pumped at Second flow rate  1Im2 = 18 000 hr
nun
ﬁ3 tVOilth
Hydrogen Carryover Rate  gr.;, = 0 269 ™ Intral Fill Factor — = 39825%
Q
Process Engineering
Case 4 Worst Case H2-8X-105 & § 107 CH2M HILL,
dissolved H2 and $X 102 NH3 to 244 S 8gpm- Mathcad v2000+
hf med

S-4

4



RPP-4941 Rev 0 Appendix G

Author&ﬁﬁé&e?azr__ pate  [26/60 Checked "VW Date _f/26/ev

OUTPUT SUMMARY:
Perniod 1
Inttal Flow Rate flow = 8 000 % Time Pumped at Intal Fiow Rate tune = 17 000 hr
Inttial Fill Factor W:i‘;‘“ = 0000% Fial Fill Factor fif = 39 825%
inttal Fill Volume  tvol,, = Ogal Final Fill Volume fiv = 8160 gal

Initral H2 Concentration (%LFL) 1h2¢c = 0 000%

Final H2 Concentrabion (%LFL) fh2c = 5595% Final Flammable Gas Concentration (%LFL) ffgec = 79635%

Ultimate (ss) H2 Concentration (%LFL) ubh2cl = 16 812%

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 88 962%

Pernod 2
Second Flow Rate flow, = 8 000—331-— Time pumped at Second Flow Rate Ihm2 = 18 000 br
min
tVOI.l.tuth
Inthal Fill Factor — 39825% Final Fill Factor fif2 =81992%
s
indral Fill Volume  tvol,,,» = 8160 gal Final Fill Volume fiv2 = 16800 gal

inhal H2 Concentration (%LFL) th2¢2 = 5 595 %
Final H2 Concentration (%LFL)  fh2¢2 = 19 555% Final Flammable Gas Concentration (%LFL) ffgc2 = 93 595%

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 33 533 %
Utbmate (ss) Flammable Gas Coencentrabion (%LFL) uhfge2 = 105683 %
Maximum %LFL with Loss of Ventilation ~ LFL,4 preattung = 1 070 x 10°%

Time to Reach 25% L.FL with Loss of Ventifation Time, s 5y, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilation Time, sgoqpr, = 0 000 day
Time to Reach 100% LFL with Loss of Ventlaton Time; 19055 = 0 000 day

Process Engineering

Case 4 Worst Case H2 SX-105 & S 107 CH2M HILL
dissolved H2 and SX-102 NH3 to 244 S-8gpm- Mathead v2000+
hf med
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SUMMARY: DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and

CASE 4 S-107 dissolved hydrogen

- the initral condihon of the tank s 0% full
- this model calulates the remainder untl filled to 80% full with
pumping rate of 12 gpm (Ventilaton rate of 5 cfh) Includes ammonia
from $X-102 and methane from S-107

Inthal DCRT H, Inventory

H, Inventory Based on CGM?

INPUT SUMMARY:
General Data
3
DCRT Ventilation Rate vr=35 OOO-Er-
Saltwell Waste Specific Gravity p =1 468
Radiolybc Power of Waste wastepower = 1 218 b
ft sec

volg, = 0000
0

flagegm = "o’

Nitrate Concentration NO; =2 660 mole
liter

Nitrite Concentration NG, =3 loom—012
hter

Aluminum Concentration Al=1 6301—1][11-0—lti
ter

TOC Concentration

TOC =3 228 2%
iter

NHj = 72 150 %LFLyys

CH4 = 1 890 %LFLCH4

CGM Measurement CONCLEY, egmo = 0 000 %LFL
B Ammonia Concentration
DCRT Waste Temperature T =348 150K Methane Concentration
Period 1
Inthal Flow Rate flow = 12 000 2l Time Pumped at Inttal Flow Rate  tume = 11 000 hr
mm
_4 mole tvol,y,
Hydrogen Carryover Rate gr, . potar = 1 471 x 10 Intial Fill Factor = 0000%
- Iiter tvol
#
or  grg=0404 P

Period 2

Second Flow Rate flow, = 120008

min

Time pumped at Second flowrate  1m2 = 12 000 hr

Hydrogen Carryover Rate  gr,,=0 404{-

Case 4-Worst Case H2-SX-105 & S-107
dissolved H2 and SX-102 NH3 to 244 S-
12gpm-hf med

Inthal Fill Factor

tvol rat?

= 38654%
tvol

Process Engineering
CH2M HILL
Mathcad v2000+
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OUTPUT SUMMARY:
Penod 1
gal
Inthal Flow Rate flow = 12 000 =—
min
tvolmlt
Inibal Fill Factor = 0000%
tvol
inthal Fill Volume  tvol,, = 0 gal

Inial H2 Concentration (%LFL) 1h2¢c = 0000%

Final H2 Concentration (%LFL) fh2c =5293%

Time Pumped at Intal Flow Rate time = 11 000 hr
Finat Fill Factor fif = 38654%
Fnal Fill Volume fiv = 7920 gal

Final Flammable Gas Concentration (%LFL) figc = 79333%

Ulbmate (ss) H2 Concentration (%L.FL) vhh2cl = 16 344%

Ultmate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 88494 %

Period 2
gal
Second Fiow Rate  flow, = 12 000 =
mim
tvol
Inthal Fili Factor e o 38654%
tvol

Inibial Fill Volume  tvol,,» = 7920 gal

th2e2 = 5293%
fh2e2 = 18329%

Inihal H2 Concentration (%LFL)
Final H2 Concentration {(%LFL)

Time pumped at Second Flow Rate hm2 = 12 000 hr

Final Fili Factor fif2 == 80821 %

Final Fill Volume fiv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) fige2 = 92 369%

Ulhimate (sg) H2 Concentration (%LFL) uhh2e2 = 33072%

Ultimate (ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL with L.oss of Venhlation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventilation

uhfge2 = 105222 %
LFLyst preathng = 1 023 x 10°%

Tunefz_zsmn =0 000 day
Tﬂn&lﬁso%l'm’ = 0 000 day
Tlmeﬁ_mom = 0000 day

Case 4 Worst Case H2 SX-105 & 8§ 107
dissolved H2 and SX-102 NH3 to 244-8
12gpm-hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-S Calculations based on worst case hydrogen tank 241-SX-105 and
CASE 4 S5-107 dissolved hydrogen
- the inthal condition of the tank 1s 0% full
- this model calulates the remainder until filled to 80% fuli with
pumping rate of 16 gpm (Ventilahon rate of 5 cth) Includes ammonia
from SX-102 and methane from S-107

INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate =35 OOOE Nitrate Concentration NO; = 2660 ”
1er
Saltwell Waste Specific Gravity p = 1468 mole
b Nitrite Concentration NO, = 3 100
Radiolytic Power of Waste wastepower = 1 218 : hiter
ft sec
mole
Inttal DCRT H,, Inventory volggy = 0000 & Aluminum Congcentration Al= 1630 -
[]
Hz Inventory Based on CGM?  flagegy, = "no" TOC Concentration TOC = 3228 lgIl
tter
CGM Measurement CONCLyY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 72 150 %LFLygy3
DCRT Waste Temperature T =348 150K Methane Concentration CH, = 1 890 %LFLyyq
Period 1
Inttal Flow Rate  flow = 16 000 221 Time Pumped at Inital Flow Rate  time = 8 000kr
min
0l
Hydrogen Carryover Rate  gr., motr = 1 471 x 10"4559& Intial Fill Factor o~ 0000%
- liter tvol
3
or =0539—
0l hr
Period 2
Second Fiow Rate flow, = 16 ooo-ﬁl- Time pumped at Second flow rate  hm2 = 9 000hr
min
f tvol, 0
Hydrogen Carryover Rate  gr,;,=0 539§ Intial Fill Factor ol - 37482%
)
Process Engineering
Case 4-Worst Case H2-8X 105 & 8-107 CH2ZM HILL
dissolved H2 and SX-102 NH3 to 244-3- Mathcad v2000+

16gpm hf med 5-4-8



RPP-4941 Rev 0 Appendix G

AUthOra&CMaa?qm_ Date ..4[2.%1:2 o

Checked by Mw Date / L6/«

OUTPUT SUMMARY:
Period 1
gal
Initial Flow Rate flow = 16 000 =—
nmin
tvol
Inhal Fill Factor = 0 000%
tvol
Inthal Fill Volume  tvol,,,, = 0 gal

Inhal H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentraton (%LFL) fh2c = 5045%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 15877 %

Ultimate (ss) Flammable Gas Concentration (%LFL)

Time Pumped at Inital Flow Rate time = 8 000 hr
Final Fill Factor fif = 37 482%
Final Fill Volume ffv = 7680 gal

Final Flammable Gas Concentration (%LFL) ffgc = 79 085%

uhfgel = 88027 %

Period 2
gal
Second Flow Rate flow, = 16 000 =—
min
tvel
Intial Fill Factor 2 o 37482%
tvol

Intial Fill Volume  tvol,,,, = 7680 gal

th2¢2 = 5045%
h2e2 = 17 420%

inhal H2 Concentration {%LFL)
Final H2 Concentration (%LFL)

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 32610%

Ultimate (ss) Flammable Gas Concentration (%LFL)

LFLugt breatiung = 979 195%

Maxamum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Ventlation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL wath Loss of Ventilation

Time pumped at Seconhd Flow Rate Iim2 = 9 000hr

Final Fill Factor fif2 = 79 650%

Finai Fill Volume fiv2 = 16320 gal

Final Flammable Gas Concentration (%LFL) ffgc2 = 91 460%

uhfge2 = 104 760 %

T]Inez_zs ALFL = 0000 day
Time; spoqpr, = 0 000day
Tll’nez_mo%LFL = 0000 day

Case 4 Worst Case H2 SX-105 & 8 107
dissolved H2 and S$X-102 NH3 to 244 S
16gpm hf med

Process Engineening
CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-8 Calculations based on worst case hydrogen tank 241-SX-105 and

CASE 4 $-107 dissolved hydrogen

- the intbal condition of the tank 1s 0% full

- this model calulates the remainder until filled to 80% full with

pumping rate of 20 gpm (Mentilahion rate of 5 ¢fh) Includes ammonia
from §X-102 and methane from S-107

INPUT SUMMARY:
General Data_
DCRT Ventlation Rate vr=5 OOO-E;
Saltwell Waste Specific Gravity p = 1468
Radioiyhc Power of Waste wastepower = 1 218 . o 3
ScC

Intial DCRT H; Inventory volyy =0 000 f®
0

Hz Inventory Based on CGM?  flag..,, = no

Nitrate Concentration

NO, = 2 660 2%
nter

Nitnte Concentration NO, =3 100 mole
hter
Aluminum Concentrafion Al=1630 mole
liter
gm

TOC Concentrafion

Ammonia Concentration

Methane Concentrahon

TOC =3228 =—
liter

NH; = 72 150 %LFLyg3

CH, = 1 890 %LFLcyy

CGM Measurement CONCLEY, cgmo = 0 000 %LFL
bl
DCRT Waste Temperature T =348 150K
Peniod 1
gal
Inial Flow Rate flow = 20 000 -=mv
min

mole

Hydrogen Carryover Rate  gro mope = 1471 x 1074 ”
- iter

ﬂS
or =0674—
50l hr

Time Pumped at Intal Flow Rate  time = 7 000hr

(v)

Inthat Fill Factor

tvol

= 0000%

Period 2

Second Flow Rate flow, = 20 000 2l
min

3

Time pumped at Second flowrate  Iin2 = 7 000hr

Hydrogen Carryover Rate  gr,, =0 674%1_-

Case 4 Worst Case H2-SX-105 & S-107
dissolved H2 and SX-102 NH3 to 244-S
20gpm hf med

Inital Fill Factor

tvol t?
tvol

= 40996 %

Process Engineering
CH2M HILL
Mathcad v2000+
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OUTPUT SUMMARY:

Period 1

Inttal Flow Rate  flow = 20 000 -
min

Olmxt
Inhial Fill Factor =0000%
tvol
Intial Fill Volume  tvol,,,; = 0 gal

Inital H2 Concentratton (%LFL) 1h2e = 0 000%

Final H2 Concentration (%LFL) fh2c = 5 648%

Ultimate (ss) H2 Concentration (%LFL} uhh2c1 = 17 280%

Ultimate (ss) Flammable Gas Concentration (%LFL)

Time Pumped at inital Flow Rate tume = 7 000 hr
Final Fill Factor fif = 40996%
Final Fill Volume ffv = 8400 gal

Final Flammable Gas Concentration (%LFL) ffgec = 79 688 %

uhfgel = 89 430%

Period 2
gal
Second Flow Rate  flow, = 20 000 =—
min
tvol
Intial Fill Factor mt o 40996%
tvol

Inthal Fill Volume  tvol,,» = 8400 gal

1th2¢2 = 5648%
th2¢2 = 18603 %

Inhal H2 Concentration (%LFL)
Final H2 Concentraton (%LFL)

Ultmate (ss) H2 Concentration (%LFL) uhh2c2 = 33 533%

Ultimate (ss) Flammable Gas Concentration {(%LFL)
Maxtmum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Ventitation
Time to Reach 50% LFL with Loss of Ventlation
Time to Reach 100% LFL. with Loss of Ventilation

Time pumped at Second Flow Rate hm2 = 7 000 hr
Final Fill Factor fif? =81 992%
Final Fill Volume ffv2 = 16800 gal

Final Flammable Gas Concentration (%LFL) ffge2 = 92643%

uhfge2 = 105 683%
LFLuyg preatiung = 1 070 x 10°%

Tlm%_zs ALFL = 0000 day
Tlmeq_so%LFL =0000 day
Time; yo000r, = 0 000 day

Case 4-Worst Case H2-SX 105 & S-107
dissolved H2 and SX~102 NH3 to 244-S-
20gpm-hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-S Calculations based on pumping 222-S Lab waste to 244-8

CASE 5 - the inihal condiion of the tank s 13% full
- this model calulates the remainder until filled to 80% full with
pumping rate of 115 gpm {(Ventlahon rate of 3 cfh)--No
dissolved hydrogen or methane
INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate vr=3 OOOE Nirate Concentration NO; =1 000-1-—
iter
Saltweil Waste Specific Gravity p = 1100 1
b Nitrte Concentration NO, = 0000 e
Radiolytic Power of Waste wastepower = 0 030 — hter
1t sec
mole
Intial DCRT H,, Inventory V°1mo = 00008 Alurminurn Concentration Al=0000 e
H, inventory Based on CGM?  flag,gy = "no” TOC Concentration TOC = 1 000 £~

Iiter

CGM Measurement CONCLFL, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 480 %LFLyy3
DCRT Waste Temperature T=293150K Methane Concentration CH, = 0 000 %LFLy4
Penod 1
Inthal Flow Rate flow = 115 000 gl Time Pumped at Inital Flow Rate  time = 1 000hr
min
ol
Hydrogen Carryover Rate  gr,,; morar = 0 000 mole Inthal Fiil Factor 2 = 13000%
= hter tvol
e
OF  gr=0000—
Period 2
Second Flow Rate  flow, = 115 0600 2l Time pumped at Second fiowrate  Lm?2 = 1 000hr
min
ﬂ3 tVOllmtz
Hydrogen Carryover Rate  gr.;, =0 OOOE Intral Fill Factor = 46675%
tvol

Case 5-222-5 Lab to 244 S-hf mcd

$-5-2

Process Engineenng
CH2M HILL
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OUTPUT SUMMARY"
Peniod 1
Inhal Flow Rate flow = 115 000 -ri—ali- Time Pumped at Intal Flow Rate time = 1 000hr
Inbal Fill Factor W:L‘;“t = 13 000% Final Fill Factor iF = 46 675%
Intial Fill Volume  tvol,,, = 2664 gal Final Fill Volume fiv = 9564 gal

Intha H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2¢c =4 144 x 10%% Final Flammable Gas Concentration (%LFL) ffgc = 0484%

Ultimate (ss) H2 Concentratton (%LFL) uhh2cl = 3331%

Ultimate (ss) Flammable Gas Concentration (%LFL)  uhfgcl = 3811%

Peniod 2
Second Flow Rate flow, = 115000 &l Time pumped at Second FlowRate  1m2 = 1 000hr
min
tvola
Intial Fill Factor e 46 675% Final Fill Factor fif2 = 80351%
0
Inthal Fill Volume  tvol,,.» = 9564 gal Final Fill Velume fiv2 = 16464 gal

Inihial H2 Concentration (%LFL) 1h2c2 = 4 144 x 1073%
Final H2 Concentration (%LFL) h2c2=0017% Final Flammable Gas Concentration (%LFL) flge2 = 0497 %

Ulimate (ss) H2 Concentration (%LFL) uhh2c2 = 4 912%
Uttimate (ss) Flammable Gas Concentration (%LFL)  ubfge2 = 5392%
Maximum %LFL with Loss of Ventlation LFLyat breattung = 138 296 %

Time to Reach 25% LFL with Loss of Ventlation Time; zsoq 51 = 33 399 day
Time to Reach 50% LFL with Loss of Ventilahon Time, sgoa 51, = 85 525 day
Time to Reach 100% LFL with Loss of Ventilation Time, yopsLpr, = 259 638 day

Process Engiheering

Case 5-222 S Lab to 244 S-hf mcd CH2M HILL
Mathcad v2000+
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SUMMARY:
DCRT 244-S Calculatons based on pumping Active Calch Tanks to 244-S
CASE 6 - the inthal condition of the tank i1s 10% full
- this model calulates the remainder unhl filled to 80% full
with pumping rate of 120 gpm (Ventilation rate of 3 cfh) No
dissolved hydrogen or methane
INPUT SUMMARY"
General Data
i mole
DCRT Ventilation Rate vr=13 OOOE Nitrate Concentration NO; = 0000 m
T
Saltwell Waste Specific Gravity p = 1015 mole
b Nitrite Concentration NG, = 0000
Radiolyic Power of Waste wastepower = 8339 x 1073 — hiter
ft sec
mole
Inthal DCRT H, Inventory volgy = 0000 & Alumihum Concentration Al=0000 o
[+]
Ha Inventory Based on CGM?  flagegy, = "no” TOC Concentration TOC = 40 000%
1
CGM Measurement CONCLEY, ogmo = 0 000 %LFL
- Ammonia Concentration NH; = 2 500 x 1072 %LFLyyys
DCRT Waste Temperature T=293150K Methane Concentration CH, = 0 000 %LFL gy
Peniod 1
Intal Flow Rate flow = 120 000 &l Time Pumped at Intal Flow Rate  time = 1 000hr
min
mole tvol,, .
Hydrogen Carryover Rate gr,; motar = 0 000 Initral Fill Factor = 10000%
- liter tvol
2
or gr,,=0000 -hT
Penod 2
Second Flow Rate  flow, = 120 000 -53‘1— Time pumped at Second flow rate  1Iim2 = 1 00Chr
min
ﬁ3 tv°1m1t2
Hydrogen Carryover Rate  gr, , =0 OOO-EI- Inthal Fili Factor el 45140%
(¢]
Process Engineering
Case 6-Active Catch Tanks to 244-S-hf med CH2M HILL

Mathead v2000+
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OUTPUT SUMMARY:

Period 1

flow = 120 000 £
man

Intral Flow Rate

Oim“

= 10000 %

Iniial Filt Factor
tvol

Inhial Fill Volume  tvol,,,, = 2049 gal
Intial H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c =3912x 1073%

Time Pumped at Indal Flow Rate tune = 1 000 hr
Final Fill Factor fif = 45 140%
Final Fili Volume fiv = 9249 gal

Final Flammable Gas Concentration (%LFL) ffgc = 6412 x 1073%

Ultmate {ss) H2 Concentraton (%LFL) uhh2cl = 3 314%

Ultmate {ss) Flammable Gas Cencentration (%LFL)

ubfeel = 3316%

Period 2
gal
Second Flow Rate  flow, = 120 000 —
min
tvol
Inibal Fill Factor ™2 45 140%
tvol

Iniial Fill Volume  tvol,,,» = 9249 gal

Inthial H2 Concentration (%LFL)

Final H2 Concentraton (%LFL) fh2¢2=0017%

Time pumped at Second Flow Rate  lim2 = 1 000hr
Final Fill Factor fif2 = 80279%
Final Fil Volume fiv2 = 16449 gal

th2c2 = 3912 x 1073%

Final Flammable Gas Concentration (%LFL) ffge2 = 0020%

Ultmate (ss) M2 Concentration (%LFL) uhh2c2 = 5 006%

Ulttmate (ss) Flammable Gas Concentrahon (%LFL)
Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Ventilation
Time to Reach 50% LFL with Loss of Venhlation
Time to Reach 100% LFL with Loss of Ventlation

uhfge2 = 5 008%

LFL pat broathung = 140237 %

Tlﬂl@z_zs%u:L =33 556 day

Tlmea_so%LFL = 84 851 day
Tml%_loo%]'_,m = 254 255 day

Case 6-Active Catch Tanks to 244-S hf med

Process Enginesring
CH2M HILL
Mathcad v2000+
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SUMMARY:

DCRT 244-S Calculations based on heel in 244-S
CASE 7 - the iniyal condiion of the tank is 0% full
- this model calulates the remamder untl filled to 80% full with
pumping rate of 4 gpm (Ventilation rate of 3 cfh)—-No dissolved
hydrogen or methane

INPUT SUMMARY:

General Data

3
DCRT Ventlation Rate vt = 3000 % Nitrate Concentration NO; = 1 260 ':‘fle
1er
Saliwell Waste Specific Grawly p = 1150 mole
b Nitrite Concentration NO, =1030
Radiolytic Power of Waste wastepower = 0 422 —— liter
ft sec
mole
Inttal DCRT Hj, tnventory voly, = 000083 Alumnum Conoentration  Al= 0000 ~=
[)]
Hz Inventory Based on CGM?  flag,,,,, = "no" TOC Concentration TOC = 1380 _l_gr_g_
iter
CGM Measurement CONCy gy, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0290 %LFLyy3
DCRT Waste Temperature T=313150K Methane Concentration CH, = 0 000 %LFLee
Period 1
Inihal Flow Rate flow = 4 ooo_gfl_ Time Pumped at Inttai Flow Rate  time = 35 000hr
min
mole tVo}nm
Hydrogen Carryover Rate  gr.; 1. = 0 000 Inthal Fill Factor = 0000%
- Iiter tvol
Pe
O gryy=0000—
Penod 2
Second Flow Rate  flows, = 4 OOO-g—al- Time pumped at Second flowrate  Iim2 = 34 000 hr
min
3 tvol
Hydrogen Carryover Rate  gr, ;=0 000% Inthal Fill Factor “’1"2 =40996%
tvo
Process Engineenng
Case 7-Heel In 244-S DCRT hf med CH2M HILL

Mathcad v2000+
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OUTPUT SUMMARY:
Penod 1
initial Flow Rate flow = 4 OOOfl-;na-l— Time Pumped at Inifal Flow Rate time = 35 000 hr
Intial Fill Fator Wt:l‘;““ = 0000% Final Fill Factor £F = 40 996 %
Inbal Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 8400 gal

Intial H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c=0114% Final Flammable Gas Concentration {(%LFL) ffgc = 0404 %

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl = 3 326%

Ultmate (ss) Fiammable Gas Coencentration (%LFL) uhfgel = 3616%

Penod 2
Second Flow Rate flow, = 4 000ﬂ Time pumped at Second Flow Rate hm2 = 34 000 hr
min
tVO],mQ
Inttal Fill Factor — = 40 996 % Final Fill Factor fif2 = 80 821 %
(¢]
Inibal Fill Volume  tvol,,» = 8400 gal Final Fili Volume fiv2 = 16560 gal

Inibal H2 Concentration (%LFL) 1h2¢2=0114%
Final H2 Concentration (%LFL)  fh2¢2 = 0558% Final Flammable Gas Concentration (%I.FL) ffgc2 = 0 848%

Ulimate (ss) H2 Concentration (%LFL) uhh2c2 = 5374%
Uttmate {ss) Flammable Gas Concentration (%LFL)  uhfge2 = 5664%
Maximum %LFL with Loss of Ventlation LFL st breattung = 153 972%

Time to Reach 25% LFL with Loss of Ventiiation Time, gsourr, = 29 080 day
Time to Reach 50% LFL with Loss of Ventlation Time, sovers, = 73 919 day
Time to Reach 100% LFL with Loss of Ventlation Timey 1005rrr = 210 193 day

Process Engineering

Case 7 Heel In 244-S DCRT-hf med CH2M HILL
Mathcad v2000+
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DCRT 244-S
Case 8 (Story 1)

Worst Case Tank Waste SX-106 1/13/00 14 27
Ammoma in hquid waste in $X-105--256%, 50%, and 100% LFL
at vanous temperatures between 70 and 170 deg F

Table $8-1 Shumpe Model for SX-105 Ammonia Values

Temperature Ammonia in Ammonma
Model ©F) Vapor Space | in hguid waste
(% LFL) (pg/mL)
Schumpe 70 25 2555
Schumpe 70 50 5111
Schumpe 70 100 10221
Schumpe 80 25 1962
Schumpe 80 50 3925
Schumpe 80 100 7850
Schumpe 90 25 1521
Schumpe 90 50 3041
Schumpe 80 100 6083
Schumpe 100 25 1188
Schumpe 100 50 2377
Schumpe 100 100 4754
Schumpe 110 25 036
Schumpe 110 50 1873
Schumpe 110 100 3745
Schumpe 120 25 743
Schumpe 120 50 1487
Schumpe 120 100 2974
Schumpe 130 25 594
Schumpe 130 50 1189
Schumpe 130 100 2378
Schumpe 140 25 478
Schumpe 140 50 057
Schumpe 140 100 1915
Schumpe 150 25 388
Schumpe 150 50 776
Schumpe 150 100 1552
Schumpe 160 25 316
Schumpe 160 50 633
Schumpe 160 100 1266
Schumpe 170 25 259
Schumpe 170 50 519
Schumpe 170 100 1039
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DCRT 244-5
Case 8 (Story 1)

Worst Case Tank Waste S$X-106 1/22/00 11 16

Ammonia in hquid waste in $X-105-25%, 50%, and 100% LFL
at various temperatures between 70 and 170 deg F

Table $8-2 WSU Model for $X-105 Ammonma Values

Temperature Ammoma in Ammonia
Model CF) Vapor Space | In liquid waste
{% LFL) (ng/mt.)
wsu 70 25 15325
wsuU 70 50 30650
wWSUu 70 100 61300
wsu 80 25 11770
wsuU 80 50 23535
wsu 80 100 47070
wsuU 90 25 9118
wsu g0 50 18235
WsuU 90 100 36474
wsu 100 25 7125
WSU 100 50 14250
WSU 100 100 28500
wsu 110 25 5612
WSU 110 50 11225
WsU 110 100 22451
wsU 120 25 4455
wsU 120 50 8911
WsU 120 100 17822
wWsuU 130 25 3563
WsU 130 50 7125
WwsU 130 100 14250
wsuU 140 25 2868
wsu 140 50 5736
wsuU 140 100 11473
wsu 150 25 2324
wsu 150 50 4649
wsuU 150 100 9297
wsuU 160 25 1895
wWsuU 160 50 379
WsuU 160 100 7582
wsu 170 25 1555
wsu 170 50 3110
WsU 170 100 6219

S-8-3



I —_——

—RPPA94T Rev 0 Appendix G—

Autnorach._zaLe.é?A. Date //R¢&/00  Checked by 6}\ Vﬁg/\» Date ]'Q(Jgg

DCRT 244-8
Case 8 (Story 1)

Table $8-3 S and SX Farms Ammoma Data

Ammonia Ammonia
in hquid | Temperature lonic Henry s Law in Vapor
Tank waste ©F) Strength | Constant, K[NH,] Space
(ug/mL) (molanty) | (mole/L jqus atm) (% LFL)
S 1M1 1 116 157 3511 001
8102 1700 105 2004 1 801 357
S 103 1410 86 1812 4 547 117
S 106 430 80 22 42 3863 42
8107 1 106 756 106 0
8-109 1550 85 1973 4 985 118
S-111 1500 80 18 49 4 24 13 4
SX-101 132 133 20 56 0 6021 83
SX-102 1370 142 2134 07193 72
8X 103 1800 161 211 0 494 1376
SX 104 793 144 22 36 0 954 314
SX 105 1210 167 2072 04161 109 8
SX-106 2500 105 208 2 154 439

Note 15 5% NH3 = 100% LFL
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DCRT 244-S
Case 8 (Story 1)

Table §8-4 Henry's Law Constant Calculation for Tank $-101 (2 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank S 101
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Charactenistics (Source Tank) Tank Charactenistics (Receiving Tank)
Parameter Units Valug Parameter Units Value
NH; ug/ml 1} |Percent Fill of Receiving Tank % 80
Na"' ng/mi 215000 [Volume of Vapor Space L 15359
Al™ pg/ml 24500] |Length of Waste Fall ft 31
Fe™ pg/mi 20| {inside Diameter of Receiving Tank ft 15
cr pg/ml 813| |Flow Rate of Waste gpm 4
Nt * pg/ml 8| {Total Pressure in Vapor Space atm 1
K pg/mi 2360( |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/ml 0| [Total Ventilation Flow Rate for Stack cfm 005
NO, * ng/ml 181000| | Total Bubbler Flow Rate cfh 3
NO, ng/mi 94000( [Temperature of Air in Vapor Space °F 117 8
CO; 2 ng/mi 5300| (Stream Drameter inches 1
PO,"° pg/mi 3861/ |Tortuosity Factor unitless 1
$0,° pg/ml 5650| [Initial Concentration of NH; in the Vapor Phase|mole/m® 0
F' pg/mil 106| |Surface Area of Still Waste m° 16 417
c’ ug/ml 7450] {Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| iNon Fumigation Divisor at 100 meters unitiess 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0C % 62 66
Specific Gravity unitless 136
Total Organic Carbon|g/l 0 267
Cs-137 uCi/mi 0
Temperature °F 116

S-8-5
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DCRT 244-5
Case 8 (Story 1)
Table $8-4 (Contd) Henry s Law Constant Calculation for Tank S 101 (2 pages)
Source Tank {S 101 INPUT DATA |Date 36538 62121 Rewvision O|NH;
Dilution Ratio [0 1 ug/mi
lon MW ¢l {moles/L) hi hi el 1
Na ' 2299 936518782 0 1143 1 068919672 |From Weisenberger & Schumpe (1996) molss/L
A" 26 98 0 91 02174 0 19741854 5 87175E 05
Fe® 55 85 0 00 01161] 417B35E 05
cr® 52| 1 BB3E 02 00848| 0001013123]Gas h (N h{G 0)
it 5871| 1 366E 04 01654| 2 25942E-05
K 3909 6 037E 02 00922| 0 005566423 Ammonia 0 0 0431
OH ' 17 0074 000 00839 0|Hydrogen 0299 00218
NO, ' 62 0049 292 00128| 0037364723 Methane 0524 00022
NO, ' 46 0055 2 04 00795] 0162436989
CO;* 60 0092 009 01423 0012567906
PO, 94 9676 004 02119; 0008615638
50,2 96 0576 b 882E 02 G1117| 0008570066
F' 19| 5 B79E 03 0092| 0000513263
cl’ 35453 2 101E O1 00318 0006682367
Lt 694 0 00 00754 0
Br' 79 916} 0 ODQE +00 0 0269 0
Average
15 70232786 1 507731093
Mass fraction water in iq 063 Temperature
Liquid density (kg/m3) 1360 000 deg F
T(C) 47 116
Temperature
deg C
46 66866667
PNL 10785
Schumpe Schumpe pure water K |maolfL(liq) atm {NH3
gmoles/L. (kg )[h (G) Kwater/Ksalt  [(mol/kgwir at |Henry s K Part P atm
Ammonia 5 87175E 05 00481| 5655215037F 23 3020728(3 511490548} 1 87215E 05
Hydrogen 2 828E 02 1 158E+01 7 300E 04 5372E 05| 0 O0Q00E+00
Methane -9 153E 03 2 312E+01 1 066E 03 3 929E 05| 0 OCDOE+OD
S-8-6
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DCRT 244-5 g

Case 8 (Story 1)

Table $8-5 Henry's Law Constant Calculation for Tank $-102 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank S 102
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S
-
Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Recewving Tank]
Parameter Units Value Parameter Units Value
NH; png/ml 1700] IPercent Fill of Receiving Tank % 80
Na ! ug/mi 231999 |Volume of Vapor Space L 15358
Al pg/mi 43500| |Length of Waste Fall ft 31
Fe* pg/mi 38| [Inside Diameter of Receving Tank ft 15
crt® pg/ml 97| |Flow Rate of Waste gpm 4
N2 pg/mil 16| | Total Pressure in Vapor Space atm 1
K ng/ml 3190( |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pug/mi 40850/ |Total Ventilation Flow Rate for Stack cfm 005
NO, ! ng/ml 158999| |Total Bubbler Flow Rate oth 3
NO, ' ng/ml 112000 |Temperature of Air in Vapor Space °F 106 8
CO,° pg/mi 26410| |Stream Diameter Inches 1
PO, pg/ml 4880 | [Tortuosity Factor unitiess 1
S0, * ng/mil 4610| |Initial Concentration of NHg In the Vapor Phase [mole/m” 0
F pg/mi 314{ {Surface Area of Still Waste m? 16 417
cl’ pg/mi 10200} (Fumigation Divisor at 100 meters unitless 1
L pg/mi (| {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H0 % 50
Specific Gravity unitiess 139
Total Organic Carbon |g/l 3906
Cs 137 pCi/ml 324
Temperature °F 105
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Table §8-5 (Contd) Henry s Law Constant Calculation for Tank S 102 (2 pages)

Source Tank |S 102 INPUT DATA |Date 36538 64032 Rewvision O{NH;
Ditution Ratio |0 1 ug/mil
lon MW ci (moles/L} hy hi*es 1700
Na*! 2299} 10 091316 01143| 1 153437345[From Weisenberger & Schumpe (1996) moles/L
A 26 98 161 02174 0350515599 0 099819737
Fe® 55 85 000 01161} 7 98252E 05
cr*? 52| 1 860E 03 00648 0000120503{Gas h(T) h (G Q)
Ni*? 5871] 2 674E 04 01654 4 42308E-05
K 3909 8 1681E 02 00922 0007524111 [Ammonia 0 00481
oH' 17 0074 2 41 00839] 0 202012358|Hydrogen 0 299 00218
NO, ' 62 0049 268 00128 0032823072{Methane 0524 00022
NO,* 46 0055 243 00795| 0193541981
CO,° 60 0092 0 44 01423| 0062626114
PO,° 94 9676 005 02119 0010888678
80, 2 96 0576| 4 799E 02 01117 0005360716
F' 19| 1 6B3E 02 0092 0001520419
cl’ 35453 2 877E01 00318 0009149015
L* 694 000 00754 0
Br’ 79 916| O OOOE +00 0 0269 0
Average
20 03832024 2 029643968
Mass fraction water in liq 050 Temperature
Liguid density (kg/m3) 1390 000 deg F
T({C) 41 105
Temperature
deg C
40 55555556
PNL 10785
Schumpe Schumpe pure water K |mol/L{kq) atm [NH3
gmoles/L (g }|h (G) Kwater/Ksalt  |(mol/kgwtr at |Henry s K Part P atm
Ammonia 0 099819737 0 0481 11 63592102} 30 15616267| 1 801192447 | 0 055418696
Hydrogen 2 845E 02 3 159E+01 7380E 04| 1623E 05| 0Q00E+00
Methane 5 951E 03 8 136E+01 1138E 03| 9723E 06{ 0O Q00E+00
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Case 8 (Story 1)
Table $8-6 Henry's Law Constant Calculation for Tank $-103 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet
244-S
Source Tank S 103
Dilution Ratio 01 Caorrection Factor for Schumpe Model 1
Receving Tank 244 8

Liquid Waste Characteristics {Source Tank) Tank Characteristics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; png/ml 1410| |Percent Fill of Receiving Tank % 80
Na*' ug/ml 215000| |Volume of Vapor Space L 15359
Al ug/ml 24500| |Length of Waste Fall ft 31
Fe® pg/mil 20{ {Inside Diameter of Receiving Tank ft 15
cr* pg/mi 269| |Flow Rate of Waste gpm 4
N ¢ pgfml 8| | Total Pressure in Vapor Space atm 1
K ug/mi 2360| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pa/mi 36467/ |Total Ventilation Flow Rate for Stack cfm 005
NO;* pg/mi 181000/ |Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 94000| |Temperature of Air in Vapor Space °F 878
CO,° pg/mi 22279 |Stream Diameter inches 1
PO, ° ng/mi 3861{ [Tortuosity Factor unitless 1
$0,° ug/mi 5650/ |Initial Concentration of NH; In the Vapor Phase |mole/m” 0
F? pa/ml 106/ |Surface Area of Still Waste m? 16 417
cl’ pg/ml 7450| |Fumigation Divisor at 100 meters unitless 1
Li Ho/mi 0] |Nen Fumigation Divisor at 100 meters unitiess 1
Br' ug/mi O[ |Correction Factor for Schumpe Model unitless 1
%H,0 % 498

Specific Gravity unitless 136

Total Organic Carbon |9/ 4 679

Cs-137 pCiiml 365

Temperature °F 86
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Table S8-6 (Contd) Henry s Law Constant Calculation for Tank S 103 {2 pages)

Source Tank |S 103 INPUT DATA (Date 36538 6412 Rewvision OfNH;
Dilution Ratio |0 1 ug/mi
lon MW ' c1 {moles/L} hi hi o 1410
Na*' 2299| 9 3518782 01143] 1 068919672|From Weisenberger & Schumpe (18968) moles/L
A" 26 98 o9 02174 0 19741654 0 082791664
Fe™ 55 85 000 01161] 4 17835E 05
crt? 52| 5 173E 03 00648] 0000335215(Gas h (T) h (G 0}
Ni* 5871| 1 366E 04 01654 2 25042E 05
K 3909| 6 037E 02 00822 0005566423 [Ammonia Y -0 0481
oH'! 17 0074 2 14 00839 0 179897062|Hydrogen 0299 00218
NO, T 62 0049 292 00128 0037364723|Methane 0524 0 0022
NO, ! 46 0055 204 00795| 0162436989
CO,° 60 0092 0 37 01423]| 0052830261
PO,° 94 9676 004 02119 0008615575
80,2 96 0576| & 882E 02 01117| 0008570066
F' 19{ b B72E 03 0092 0000513263
cl’ 35453 2 101E O 00318 0006682367
Lt 6 94 000 00754 0
Br' 79 916| O OOOE + 00 00269 0
Average
18 11899028 1727212542
Mass fraction water in iq 050 Temperature
Liguid density (kg/m3) 1360 000 deg F
T(C} 30 86
Temperature
deg C
30
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atr [NH3
gmoles/L (g b (G) Kwater/Ksalt  |{moltkgwtr at [Henrys K Part P atm
Ammonia 0 082791664 00481 7172806414 48 15160804 4 546633478 | 0 018209443
Hydrogen 2 330E 02 2 019E+M 7647E 04| 2565E 05 0 O000E+00
Methane 4 200E 04 5 243E+01 1315E 03] 1 698E 05| 0O OOOE+00
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DCRT
Case

244-8

8 (Story 1)

Table $8-7 Henry's Law Constant Calculation for Tank $-106 (2 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank S 108
Ditution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 8

Liguid Waste Charactenstics {Source Tank) Tank Characteristics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH; Hg/ml 430 |Percent Fill of Receving Tank % 80
Na * pg/mi 244000] |Volume of Vapor Space L 15359
Al pg/mi 37967| |Length of Waste Fali ft 31
Fe™* pg/ml 30| |inside Diameter of Receiving Tank ft 15
crt ug/ml 9410| {Flow Rate of Waste gpm 4
NI ug/ml 12| |Total Pressure in Vapor Space atm 1
K ug/mi 1840| [Ventilation Flow Rate for Receiving Tank cfm 005
OH' ng/ml 54865| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/mi 240000| | Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 109000| |Temperature of Air in Vapor Space °F 818
CO,52 pg/mi 15750| |Stream Diameter inches 1
PO ug/mi 6380/ |Tortuosity Factor unitless 1
50,2 pgfml 5730] liniial Concentration of NH; In the Vapor Phase |mole/m® 0
F' pg/mi 140/ |Surface Area of Still Waste m? 16 417
cl’ ug/mi 11100] |Fumigation Divisor at 100 meters unitless 1
Lt pg/m! 0| [Non Funmigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitiess 1
%H,0 % 5128

Specific Gravity unitless 145

Total Organic Carbon g/ 1525

Cs 137 pCvmt 267

Temperature °F 80
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Case 8 (Story 1)
Table S8-7 (Contd) Henry s Law Constant Calculation for Tank S 106 (2 pages)

Source Tank |S 106 INPUT DATA |Date 36538 6416 Revision O[NH;

Dilution Ratio j0 1 ug/mi

lon MW ¢1 {moles/L) hi hi ¢ 430

Na*! 2299 10613319 01143| 1213102343 {From Weisenberger & Schumps (1996) moles/L

A 26 98 141 02174) 0305931275 0 025248522

IFe™ 55 85 000 01161] 6 25713E 05

cr® 52| 1810EQ1 00648 0011726316|Gas h(T) h (G 0)

Ni* 58 71| 2 O44E 04 0 1654| 3 38068E 05

K' 3909 4 707E 02 008922| 0 004339949 Ammonia 0 0 0481

OH' 17 0074 323 0 0839 0 270657096|Hydrogen 0299 00218

NO, i 62 0049 387 00128; 0 049544399|Methane 0524 00022

NQO, ! 48 0055 237 00795 0188357879

CO,° 60 0092 0 26 01423 003734813

PO,® 94 9676 0 07 02119 0014235613

80, z 96 0576| B 965E 02 01117 0006663089

Fi 18] 7 368E 03 0082 0000677895

cr’ 35453 3 131E 01 00318| 0009956277

Lt 694 0 00 0 0754 0

Br' 78 916] © OOQE +00 0 0269 0
Average

22 42496069 2 112636639

Mass fraction water in lig 051 Temperature

Liquid density (kg/m3) 1450 0Q0 deg F

T(C) 27 80
Temperature
deg C
26 66666667

PNL 10785
Schumpe Schumpe pure water K |mol/L(iq) atm [NH3
gmolesiL (g )| h (G) Kwater/Ksalt  [(molikgwtr at {Henrys K Part P atm

Ammonia 0 025248522 00481 10 81424068| 56 176244531 3 862537344 | 0 008536771

Hydrogen 2 230E 02 4 Q98E+(1 7 771E 04 1 410E 05| 0 000E+00

Methane 1 327E 03 1 388E+02| 13BOE 03] 7 43%E 06| 0 00DE+DO
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Table §8-8 Henry's Law Constant Calculation for Tank $-107 (2 pages)

Input Data for Henry s K calculation and the Dyhamic Spreadsheet

244-S
Source Tank S 107
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH5 ug/mi 1| |Percent Fill of Receving Tank % 80
Na*' pgfmi 126749| |Volume of Vapor Space L 15359
Al pg/ml 7731] jLength of Waste Fall ft 31
Fe*? pg/mi 20| |inside Diameter of Receving Tank ft 15
cr* ug/mi 1220/ |Flow Rate of Waste gpm 4
Ni*4 pg/mi 81 {Total Pressure in Vapor Space atm 1
K+ pa/mi 1285] |Ventilation Flow Rate for Recetving Tank cfm 005
OH' pg/mi 0| [Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/mi 93425/ |Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 46735| [Temperature of Air in Vapor Space °F 107 8
CO;° pg/mi 0| |Stream Diameter tnches 1
PO,* png/mil 3854 |Tortuosity Factor unitiess 1
80,7 ng/ml 3642} |Inttial Concentration of NH; in the Vapor Phase |mole/m” 0
F' ug/mi 327| |Surface Area of Still Waste m? 16 417
ct! pg/mi 3542| [Fumigation Divisor af 100 meters unitiess 1
Lt pg/mi 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0i |Correction Factor for Schumpe Model unitless 1
%H,0 % 68 21

Specific Gravity unitiess 1238

Total QOrganic Carbon |g/| 0

Cs 137 pCi/mi 0

Temperature °F 106
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Table S8-8 {Contd)} Henry s Law Constant Calculabion for Tank S 107 (2 pages)

Date \\"vfa /@o

Source Tank |S 107 INPUT DATA {Date 36538 64239 Revision 0|NH3

Dilution Ratio (01 ug/mi

lon Mw ¢i {moles/L) hi hi ¢l 1

Na*! 2299 55132231 01143]| 0 630161405|From Weisenberger & Schumpe (1996) moles/L

AR 26 98 029 021741 0062295011 5 87175E 05

Fe' 55 85 000 01161 415756E 05

cr*? 52| 2 348E 02 00648 0001520308|Gas h (T) h (G0}

N2 5871| 1431E04 0 1654| 2 36648E 05

K! 3909| 3287E02 009221 0003030877 Ammonia 0 0 0481

OH' 17 0074 0 00 00839 O|Hydrogen 0299 00218

NO, T 62 0049 1 B1 00128| 0019286218|Methane 0524 0 0022

NO, ' 46 0055 102 00795| 0080760616

CO,° 60 0092 0 00 01423 0

PO,° 94 9676 004 02119 0008599381

80,2 960576 3 791E 02 01117| 0004235078

F' 19 1 721E02 0092 0001583368

cl' 35453 9 821E 02 00318 000317704

T 694 000 0 0754 0

Br' 79 816 0 O0OE +00 00269 0
Average

8 57481132 0 814714542

Mass frachon water in lig 068 Temperature

Liguid density (kg/m3) 1238 000 deg F

T{C) 41 106
Temperature
deg C
41 11111111

PNL 10785
Schumpe Schumpe pure water K |mol/L{hg) atm [NH3
gmoles/L (Iiq )|h (G) Kwater/Ksalt  {(mol/kgwtr at [Henry s K Part P atm

Ammonia 5 87175E 05 0 0481 2 525027532| 29 44631257 | 9 847670167 | 5 96258E 06

Hydrogen 2 662E 02 3 BSSE+00 7 371E 04 1613E-04; 0 Q0DE+00

Methane 6 242E 03 5770E+00) 1131E 03 1 655E 04| 0 000E+00
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Case

Table $8-9 Henry's Law Constant Calculation for Tank $-109 (2 pages)

Input Data for Henry s K calculation and the Dynamic Spreadshesat

244-S

Source Tank S-109
Dilution Ratio 01 Correction Factor for Schumpe Mode| 1
Receving Tank 244 8

Liguid Waste Characteristics {Source Tank) Tank Charactenistics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; png/mi 1650} {Percent Fill of Receiving Tank % 80
Na*' ng/ml 211750| |Volume of Vapor Space L 15359
Al ng/mi 34499| |Length of Waste Fall ft 31
Fe*? ng/mi 30; {Inside Diameter of Receiving Tank ft 15
cr'? pg/mi 7241| |Flow Rate of Waste gpm 4
Ni 2 pg/ml 11| | Total Pressure in Vapor Space atm 1
K ug/m! 17804 |Ventilation Flow Rate for Receving Tank cfm 005
OH* pa/ml 81883[ [Total Ventilation Flow Rate for Stack cfm 005
NO, ! ng/mi 237288 |Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 64455 | Temperature of Arr in Vapor Space °F 86 8
COz° ug/ml 9800/ |Stream Diameter Inches 1
PO,” ug/ml 1836/ | Tortuosity Factor unitless 1
80,° g/ 2502 |Inihial Concentration of NH; in the Vapor Phase {mole/m® 0
F pg/mi 89| |Surface Area of Stili Waste m? 16 417
ci' pg/ml 7147 | [Fumigation Divisor at 100 meters unitless 1
L pg/mi 0 {Non Fumigation Divisor at 100 meters unitless 1
Br' pug/mi 0| |Correction Factor for Schumpe Model unitless 1
%H0 % 52 94
Specific Gravity unitless 1463
Total Organic Carbon |g/l 1115
Cs 137 pCiiml 315
Temperature °F 85
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Table $8-9 {Contd) Henry s Law Constant Calculation for Tank S-109 (2 pages)

Source Tank |S 108 INPUT DATA |Date 36538 64205 Revision O|NH;
Diluton Ratio [0 1 ug/ml
lon MW ¢l (moles/L) hi hi*ci 1550
Na*’ 2299 9 2106263 01143| 1 052763158|From Weisenberger & Schumpe (1996} moles/L
Al® 26 98 128 02174 0277986753 0091012113
Fe*™ 55 85 0 00 011861 6 1532E 05
cr'® 52{ 1 393E 01 00648| 0000023712|Gas h (T) h{G 0}
Ni** 5871 1874E04 01654| 3 09896E-05
K" 3908| 4 BB4E 02 00822| 0004198414 (Ammonia 0 00481
oH'? 17 0074 4 81 00839| 0 403940855 |Hydrogen 0 299 00218
NO, T 62 0049 383 00128] 0048984516 |Methane 0524 00022
NO, ' 46 0055 140 00795 0111381737
€0, 2 60 0092 0186 01423 002323877
PO,* 94 9676 002 02119 0004096643
80, z 96 0576| 2 B0BE 02 01117 0002909438
F' 18| 4 684E 03 0082] 0000430947
cl’ 35453] 2 0O16E 01 00318 0006410589
L' 694 0 00 0 0754 0
Br' 79 916| 0 OCOE +00 0 0269 0
Average
21 1321802 1 945458051
Mass fraction water in lig 053 Temperature
Liquid density (ka/m3} 1463 000 deg F
T{C) 29 85
Temperature
deg C
28 44444444
PNL 10785
Schumpe Schumpe pure water K |mol/L{kq) atm |[NH3
gmoles/L {hg )|h (G) Kwater/Ksalt  [(mol/kgwir at |Henrys K Part P atm
Ammonia 0091012113 00481 8 4818083361 49 39378673| 4 505058159 | 0 020202206
Hydrogen 2 313E 02 2 862E+01 7 6G6E 04 2075E 05| 0 O00DE+00
Methane 1 289E 04 8 765E+01 1 326E 03 1172E 05{ 0 QQ0QE+00

S-8-16




RPP-4941 Rev 0 Appendlx G

Authorcél(‘_:,> %

2448
8 (Story 1)

PCRT
Case

Date //2 6/50 Checked by E DR g& Date_{ la(oZQQ

Table S$8-10 Henry s Law Constant Calculation for Tank $-111 (2 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-8

Source Tank S 111
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 8

Liquid Waste Characteristics (Source Tank) Tank Characteristics {Receiving Tank)
Parameter Units Value Parameter Units Value
NH; Hg/mil 1500| |Percent Fill of Receving Tank % 80
Na*! pgimi 217000/ |Volume of Vapor Space L 15359
Al2 pg/mi 255001 {Length of Waste Fall ft 31
Fe*® ng/mi 20| |inside Diameter of Receiving Tank ¢ ft 15
Cr? pg/mi 4380| |Flow Rate of Waste gpm 4
Ni*2 pgfml 8| |Total Pressure in Vapor Space atm 1
K pg/mi 1560| [Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/mi 47250| |Total Ventilation Flow Rate for Stack ¢fm 005
NO;.,1 pg/mi 190000( | Total Bubbler Flow Rate cfh 3
NO, ' pgfmi 64600 | Temperature of Arr in Vapor Space °F 918
COs° ug/ml 29200/ |Stream Diameter inches 1
PO,* pa/ml 2540| |Tortuosity Factor unitless 1
80, * ng/ml 4650 |Initial Concentration of NHs in the Vapor Phase |mole/m” 0
F! ug/ml 112 |Surface Area of Still Waste m? 16 417
cl' ug/mi 6020| [Fumigation Divisor at 100 meters unitless 1
Ly pg/mil 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitiess 1
%H;0 % 52 46
Specific Gravity unitless 139
Total Organic Carbon |g/] 1423
Cs 137 pCiml 275
Temperature °F 90
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Table 8 10 (Contd) Henry s Law Constant Calculation for Tank S 111 (2 pages)

33 2ol

Source Tank S 111 INPUT DATA [Date 36538 684257 Revision O|NHy

Dilution Ratio [0 1 ug/mi

lon M w ¢ {molas/L) h hia 1500

Na*' 2299| 94388799 01143 1078863978(From Weisanberger & Schumpe {1996) moles/L.

Al® 26 98 0 95 02174 0 20547416 0 088076239

Fe™ 55 85 0 00 01161| 4 17834E 05

cr 52| 8 423E 02 0 0648| 0 005458155|Gas h (T} h (G 0)

NI 5871| 1 366E 04 01664 2 25942E 05

K 3909 3 991E 02 00922 0 003679502[Amrnonia 0 -0 0481

OH' 17 0074 278 00839| 0233091184 (Hydrogen 0299 00218

NO, ' 62 0049 308 00128; 0039222808 |Methane 0524 0 0022

NQ, 1 46 0055 140 00795 0111632256

COs° 60 0092 0 49 01423 0069242069

PO,* 94 9676 003 02119 0005667476

S0, z 96 0576| 4 841E 02 01117 0005407218

F! 19| b5 89BE 03 0092| 0000542316

cl 35453] 1 698E 01 00318 0005399718

T 694 0 00 0 0754 0

Br' 79 916 © OOOE +00 0 0269 0
Average

18 49276578 1763745217

Mass fraction water in liq 052 Temperature

Liguid density (kg/m3) - 1320 000 deg F

T (C) 32 a0
Temperature
deg C
32 22222222

PNL 10785
Schumpse Schumpe pure water K imol/L{lig) atm [NH3
gmolesiL {(Iig ) h (G) Kwater/Ksalt | (mol/kgwtr at [Henrys K Part P atm

Ammonia 0 088076239 Q0481| 7 485885544 43 52508667 | 4 239743162 | 0 020773956

Hydrogen 2 396E 02 2 093E+01 7 576E-04] 2640E 05| 0 Q00E+QD

Methane 1 584E 03 5 426E+01 1271E Q3] 1 708E 05| 0OO000QE+00
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Table $8-11 Henry's Law Constant Calculation for Tank $X-101 (2 pages)
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RPP-494] Rev 0 Appéndix G

Authored € H%E%‘_AM_ Date 42-2@[&6 Checked by &b .‘KDL"‘-— Date \‘Q,(, '/ o0

Input Data for Henry s K caloulation and the Dynamic Spreadsheet

244-S
Source Tank SX-101
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S d

Ligutd Waste Characteristics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 132| |Percent Fill of Receving Tank % 80
Na*! ug/mi 242000| |Volume of Vapor Space L 15359
Al ug/mi 75600| |Length of Waste Fall ft 31
Fe™ ug/ml 36| |Inside Diameter of Recewving Tank ft 15
cr*® ugfml 12100/ {Flow Rate of Waste gpm 4
NIt pafmi 12| | Total Pressure in Vapor Space atm 1
K*! ugfmi 2520( |Ventilation Flow Rate for Receiving Tank cfm 005
OH ' ng/mi 48660 |Total Ventilahon Flow Rate for Stack cfm 005
NO,; ' pg/ml 105000{ |Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 78000| |Temperature of Air in Vapor Space °F 1348
COs 2 pgimi 8050 [Stream Diameter Inches 1
PO~ pug/ml 5180 |Tortuosity Factor unitless 1
$0,° ngfmi 1830] |Inttial Concentration of NH; in the Vapor Phase {mole/m® 0
F' ug/mi 71] [Surface Area of Still Waste m* 16 417
ci! na/mi 16700| |Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mil 0} {Correction Factor for Schumpe Model untless 1
%H,0 % 49 1

Specific Gravity unitless 1499

Total Organic Carbon |gh 0 335

Cs 137 pCi/ml 403

Temperature °F 133
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Table S8 11 (Contd) Henry s Law Constant Calculation for Tank SX 101 (2 pages)

Source Tank |SX 101 INPUT DATA Date 36538 67349 Revision 0|NH;

Diution Ratio |0 1 ug/mi

len MW ¢l {moles/L) hi hi*el 132

Na"' 2299 10626318 01143] 1 203158188|From \Wetsenberger & Schumpe {1996) moles/l.

Al® 26 98 2 80 02174] 0609170967 0 007750709

Fo* 55 85 0 00 01161| 7 40047E-05

cr? 52| 2 327E 01 0 0648] 0 015078465|Gas h(T) h{G Q)

N+ 5871| 2 O44E 04 01654| 3 38068E 05

K 3909 6 447E 02 00922 0 005943819{Ammonia 0 -0 0481

OH' 17 0074 2 86 00838 0240046921 [Hydrogen 0 289 00218

NO, T 62 0049 169 00128] 0021675707 |Methane 0524 0 0022

NO, 1 48 0055 170 00795 0134788258

CO,° 60 0092 013 01423| 0019089001

P04'3 94 9676 0 QB 02119} 0011558078

S0,°2 96 0576 1 9OBE 02 01117 0002127998

F' 18| 3737E03 0092 0000343789

cl’ 35 453 4 710E 01 00318] 0014979321

Li* 694 ¢ 00 0 0754 0

Br' 79 916| 0 OOOE +00 00269 0
Average

20 55889224 2 278068325

Mass fraction water in ligq 049 Temperature

Liquid density (kg/m3) 1499 000 deg F

T{C) B&§ 133
Temperature
deg C
56 11111111

PNL 10785
Schumpe Schumpe pure water K [mol/L{lig} atm [NH3
gmoles/L (g }h (G) Kwater/Ksailt {(moltkgwir at |Henry s K Part P atm

Ammonia 0 007750709 00481) 1946191664| 15 9189367| 0 602058723 | 0 012873676

Hydrogen 3 110E 02 4 352E+01 7 269E-04] 1229E 05 0 000E+00

Msthane 1 410E-02 9 731E+1 9854E-04f 7 453E 08| 0000E+00
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Table $8-12 Henry's Law Constant Calculation for Tank SX-102 (2 pages)

2448
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RPP-4941 Rev 0 Appendix G

Authoragg_i_%‘ﬂ__ Datelz.’eéZoc Checked by L\J,B, %ZJ?(A‘- Date__} .h(’ /00

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5
Source Tank SX 102
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Vaiue
NH, pg/mi 4370]| |Percent Fill of Receving Tank % 80
Na** pg/ml 235000| |Volume of Vapor Space L 15359
Al pg/ml 45600/ |Length of Waste Fall ft 31
Fe? pug/mi 36| |Inside Diameter of Recewving Tank ft 15
cr ug/mi 2770| |Flow Rate of Waste gpm 4
Ni*2 pg/ml 15| [Total Pressure \n Vapor Space atm 1
K pg/mi 35501 |Ventilation Flow Rate for Receiving Tank cofm 005
OH* pg/mi 50050} [Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/ml 158001| | Total Bubbler Flow Rate cfh 3
NO, ' ugfml 151000| [Temperature of Air in Vapor Space °F 143 8
CO,° Hg/ml 8800| |Stream Diameter inches 1
PO,* pg/ml 3490| |Tortuosity Factor unitiess 1
SO, pg/ml 3330 [Initial Concentration of NH; in the Vapor Phase [mole/m” 0
F! pg/mi 78| |Surface Area of Still Waste m? 16 417
cl! pa/mi 10200} {Fumigation Divisor at 100 meters unitless 1
Li*! pug/mi 0} [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 48 03

Specific Gravity unitless 145

Total Organic Carbon |g/| 181

Cs 137 nCrml 438

Temperature °F 142
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Table S8 12 (Contd) Henry s Law Constant Calculation for Tank SX 102 (2 pages)

P’vg"’ﬁate l\?(@/@b
0

Source Tank !SX 102 INPUT DATA |Date 36538 67349 Revision O[NH5
Dijution Ratio [0 1 ug/mt
lon MW ¢l [moles/L} hi hi ¢t 1370
Na*' 2288| 10 221838 01143| 1 168356055|From Weisenberger & Schumpe (1996) moles/L
Al 26 98 169 02174 0367436902 0 080442965
Fe* 55 85 0 00 0 1161| 7 58755E 05
cr® 52] B 327E02 00648 0003451837|Gas h (T) h(GO)
Ni* 5871| 2 470€ 04 01654] 4 08499E 05
K 3909/ 9 08ZE 02 00922: 0008373255|Ammonia 0 -0 0481
oH' 17 0074 2 94 00839; 0246903995 Hydrogen 0 299 -0 0218
NO, ! 62 0049 2 BB 00128] 0032616922|Methane 0524 0 0022
NO, ! 46 0055 328 00795| 0260936365
CO,* 60 0092 015 01423| 0020867482
PO, 94 9676 0 04 02119 0007787204
$0,° 96 0576| 3 467E 02 01117| 0 003872267
F' 19| 4 10BE 03 0092| 0000377684
cl’ 35453| 2877E01 00318 0009148011
L 694 000 00754 0
Br' 79916| 0 QOOE +00 00269 ]
Average
21 34008819 2 130245706
Mass fraction water in hg 048 Temperature
Liguid density (kg/m3) 1450 000 deg F
T (C) 61 142
Temperature
deg C
81 11111111
PNL 10785
Schumpe Schumpe pure water K |mol/L{q) atm [NH3
gmoles/L (g )b (G) Kwater/Ksalt  [(mol’kgwir at [Henrys K Part P atm
Ammonia 0 080442965 00481| 12069952459| 13 11687776| 071932242 [0 111831583
Hydrogen 3 260E 02 2 720E+01 7 203E 04 1 867E 05 0 000E+00
Methane 1 672E 02 5 935E+01 9547E 04| 1120E 05| 0 ODOE+00

S-8-22




Author QC_MV\M
7

DCRT
Case

Table $8-13 Henry's Law Constant Calculation for Tank $X-103 (2 pages)

2448
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D ‘

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX-103
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Charactenstics (Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH3 pg/mil 1800| |Percent Fill of Receiving Tank % 80
Na™' pg/mi 237393 | [Volume of Vapor Space L 15359
Al pg/ml 44121]| |Length of Waste Fall ft 31
Fe® pg/mi 32| |tnside Diameter of Receiving Tank ft 15
crr pg/mi 84| |Flow Rate of Waste gpm 4
Ni 2 ng/ml 13| |Total Pressure in Vapor Space atm 1
K pg/mi 4242! |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/ml 41517 |Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/mi 158629 | |Total Bubbler Flow Rate cth 3
NO, ' pgfmi 168479| | Temperature of Air in Vapor Space °F 162 8
CO5° ug/mi 12750| |Stream Diameter inches 1
PO,° ug/ml 3329/| |Tortuosity Factor unitiess 1
SO,° ng/mi 2014| [Imtial Concentration of NH; in the Vapor Phase [mole/m” 0
F! ug/ml 101/ |Surface Area of Still Waste m?* 16 417
o’ pg/mi 10996 | [Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |Non Fumigation Divisor at 100 meters unitiess 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 46 95

Specific Gravity unitless 147

Total Organic Carbon |gh 3 051

Cs-137 uCiml 440

Temperature °F 181
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Table S8 13 (Contd) Henry s Law Constant Calculation for Tank $X-103 (2 pages)

.%Kﬂ-— Date__| !?(,,__Loo

Source Tank [SX 103 INPUT DATA [Date 36538 67349 Rewvision O|NHa
Dilution Ratio 10 1 ug/mi
lon MW cl (moles/L) hi hi ¢ 1800
Na*! 2299| 10 32692356 01143| 1 180254342|From Weisenberger & Schumpe (1996) moles/L
Al 26 98 164 G 2174] (355519272 0 105691487
Fo® 5585 0 00 01161] 6 67289E 05
cr 52| 1 608E 03 00648| 0000104178|Gas h (T h(G0)
N 5871 2 180E 04 01654 3 60608E 05
K 3809| 1 O8BE 01 00922 0 0100054192|Ammonia 0 00481
OH' 17 0074 244 00838| 0204809454 |Hydrogen 0 299 00218
NO, ' 62 0049 256 co128 0 03274666 |Methane 0524 00022
NO, ' 46 0055 344 QO795| 0273860708
cO;° 60 0092 021 01423 0030234116
PO,* 94 9676 0 04 02119 0007427969
50,2 96 0576 2 Q97E 02 01117 0002341971
F' 19| B 3186E 03 0082 0000489053
cl’ 35453 3 102EO1 00318| 0009862993
L*! 5 94 0 00 00754 0
Br' 79 916| 0 OO0E +00 00269 0
Average
21 10037354 2 107758925
Mass fraction water in lig 047 Temperature
Liguid density (kg/m3) 1470 000 deg F
T(C) 72 161
Temperature
dag C
71 66666667
PNL 10785
Schumpe Schumpe pure water K imol/L{lig) atm [NH3
gmoles/L (g )lh (G} Kwater/Ksalt  |(molkgwtr at [Henry s K Part P atm
Ammonia 0 105691487 00481{ 12 38314497| 8 863887473 0 404021807 | 0 21394089
Hydrogen 3 575E 02 2 256E+01 7 432E 04; 2273E 05 0 O0O0Q0E+00
Methane 2 225E 02 4 347E+1 9 109E 04 1 446E 05| 0 0Q00E+Q0
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Table $8-14 Henry's Law Constant Calculation for Tank $X-104 (2 pages)

244-8

8 (Story 1}

Date lljzg th

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 104
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH,4 ng/mi 793] |Percent Fili of Receving Tank % 80
Na*' ug/mi 249800 Volume of Vapor Space L 156359
Al pg/mi 35574 | |Length of Waste Fall ft 31
Fe' pg/mi 34| iinside Diameter of Receiving Tank ft 15
crt pg/mi 939] {Flow Rate of Waste gpm 4
Nr*? pg/ml 14 i Total Pressure \n Vapor Space atm 1
KH ug/mi 2881 [Ventilation Flow Rate for Receiving Tank cfm 0 05
oH’ pg/mi 34150| |Total Ventilation Flow Rate for Stack cfm 005
NO; * pg/ml 291060/ | Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 117306 |[Temperature of Ar in Vapor Space °F 145 8
CQO; z ng/ml 24770| |Stream Diameter inches 1
PO,° pg/ml 12730| |Tortuosity Factor unitless 1
80, ¢ pg/ml 3896/ [Initral Concentration of NH5 In the Vapor Phase [mole/m” 0
F pg/mil 187 |Surface Area of Still Waste m? 16 417
ok ug/mi 8232| [Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0} |Non Fumigation Divisor at 100 meters unitless 1
Br' ng/fiml Q| |Correction Factor for Schumpe Model unitless 1
%H,0O % 5076
Specific Gravity unitless 147
Total Organtc Carbon |g/l 2195
Cs 137 pCiinl 283
Temperature °F 144
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Table $8-14 (Contd) Henry s Law Constant Calculation for Tank SX 104 (2 pages)

Source Tank |SX 104 INPUT DATA |Date 36538 67349 Rewvision 0|NH3

Dilution Ratio {0 1 ug/ml

lon MW ¢l (moles/L) hi hi*ci 793

Na' 2299| 10 869943 01143| 1 242434537 |From Weisenberger & Schumpe (1996) moles/L

AT 26 98 132 02174 0 28664891 0 046562972

Fo* 55 85 Q G0 01161| 7 02836E 05

cr® 521 1 BOSGE 02 0 0648 0 00117055 Gas h(T) h (G Q)

Ni*2 88711 2 301E 04 01654| 3 B0589E 05

KM 3909 7 371E02 00822 0 00679577 [Armmonia 0 0 0481

OH' 17 0074 201 00839 0 168466961 Hydrogen 0269 00218

NOy i 62 0049 4 69 00128| 0 080085058|Methans -0 524 0 Q022

NO, 46 0055 2 55 00795 0202711132

CO,° 60 0092 o041 01423 0058735091

PO,* 94 9676 013 02119 0028404734

S0,° 96 0576| 4 OBBE 02 C1117; 0004529859

F! 19| 9 826E 03 0092; 0000903973

cl 35453 2 322EQ1 00318] 0007383793

I 694 000 00754 0

Br' 79 918| 0 OOOE +00 00289 0
Average

22 36238608 2 068379609

Mass fraction water in lig 051 Temperature

Liguid density {kg/m3} 1470 000 deg F

T(C) 62 144
Temperature
deg C
62 22222222

PNL 10785
Schumpe Schumpe pure water K fmol/L{li)} atrm [NH3
gmoles/L {ig }|h {(G) Kwater/Ksalt {mollkgwir at |Henry s K Part P atm

Ammonia 0 046562972 00481| 9834421976 12 5733831[ 0 953986563 | 0 048808834

Hydrogen 3293E 02 2 148E+01 7 302E 04 2 537E 05 0 000E+00

Methane 1 73CE 02 4 802E+01 0 488E 04 1 474E 05| 0 OD0E+00
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Table S8-15 Henry's Law Constant Calculation for Tank $X-105 (2 pages)

244 S

8 (Story 1)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liquid Waste Charactenistics {Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 1210| |Percent Fill of Receiving Tank % 80
Na*! pg/ml 235679| |Volume of Vapor Space L 15359
Al pg/mi 44040 |Length of Waste Fall ft 31
Fe*® pg/m| 30] |Inside Diameter of Receving Tank ft 15
cr pg/mi 338| |Flow Rate of Waste gpm 4
Ni*2 ug/ml 12| | Total Pressure in Vapor Space atm 1
K pg/mi 3375| {Ventilation Flow Rate for Recelving Tank cfm 005
OH*! pa/mi 40939] |Total Ventilation Flow Rate for Stack cfm 005
NO, ' ng/mi 164776| |Total Bubbler Flow Rate cfh 3
NO, ' ug/ml 142805/ | Temperature of Arr in Vapor Space °F 168 8
CO,* pg/mi 14131} |Stream Diameter inches 1
PO, > pg/mi 3266| |Tortuosity Factor unitless 1
80,° pg/mi 4194/ [Intial Concentration of NH; in the Vapor Phase {mole/m” 0
F pg/ml 104| |Surface Area of Still Waste m? 16 417
cl' pg/ml 8998 |Fumigation Divisor at 100 meters unitless 1
T ug/iml 0} |Non Fumigation Diviser at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Qrganic Carbon |g/l 3228

Cs 137 uCi/ml 384

Temperature °F 167
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Table 88 15 (Contd) Henry s Law Constant Calculation for Tank 8X 105 {2 pages)

Source Tank [SX 105 INPUT DATA |Date 36538 67349 Revision O[NH,
Diution Ratio (01 ug/mi
lon MW ¢l (moles/L) hi hi ¢l 1210
Na*' 2299] 10 261362 01143 1171729581 |From Weisenberger & Schumpe (1836) moles/L
Al 26 98 163 02174 0 35486642 0 071048166
Fe 55 85 0 00 01161| 6 24862E 05
or® 52| 6 491E03 00848 0000420627|Gas h (T) h{GD)
Nit? 6871 2 O41E 04 01654| 3 37602E 05
K 3909| 8 63BE 02 00922| 0007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00832| 0201958095 Hydrogen 0299 00218
NO4 T 62 0049 2 66 00128 0©034015512|Methane 0524 00022
NO, 46 0055 310 00795 0 246775523
C05° 60 0092 024 01423 0033508288
PO4’3 94 9676 003 02119 0007286383
50,2 96 0576| 4 368E 02 01117 0004877285
F! 19| B 466E 03 0092| 0000502894
cl' 35453| 2 B38E 1 00318| 0008070632
U 694 0 00 00754 0
Br' 79 916{ 0 OOCE +00 0 0269 0
Average
20 71872705 2072088917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T{C} 75 167
Temperature
deg C
75
PNL 10785
Schumpe Schumpe pure water K [mol/l {lig} atm [NH3
grmolesiL (g ){h {(G) Kwater/Ksalt  {{mol/kgwir at [Henry s K Part P atm
Ammonia 0071048166 00481 11 89866249( 7 867518994| 0 416120578 | 0 170739371
Hydrogen 3 675E-02 2 045E+01 7499E 04| 2 308E 05| 0O OCO0E+00
Methane 2 400E-02 3 757E+01 9 021E 04 1511E 05| 0 000E+Q0
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Table S8-16 Henry's Law Constant Calculation for Tank S$X-106 (2 pages)

Input Data for Henry s K caloulation and the Dynamic Spreadsheet

244-S
Source Tank SX 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 S

Liguid Waste Characternistics {Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pa/mi 2500/ |Percent Fiti of Receiving Tank % 80
Na"' pg/ml 245000| |Volume of Vapor Space L 15359
Al pg/ml 25887 | |Length of Waste Fall ft 31
Fe*? pg/ml 30| |inside Diameter of Receiving Tank ft 15
crt pg/ml 130| [Flow Rate of Waste gpm 4
Ni*2 pg/ml 12| |Total Pressure in Vapor Space atm 1
K png/ml 3891 |Ventilation Flow Rate for Receiving Tank ofm 005
OoH' pg/ml 33117| |Total Ventilation Flow Rate for Stack cfm 005
NO; pg/mi 209656 | |Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 132044 | |Temperature of Air in Vapor Space °F 106 8
COs° pa/ml 25594 | {Stream Diameter inches 1
PO, > ng/ml 3514/ |Tortuosity Factor unitiess 1
S0,° pg/ml 7202| [Intiat Concentration of NH; in the Vapor Phase |mole/m® 0
F' ug/mi 311} {Surface Area of Still Waste m? 16 417
I’ ng/ml 11732} {Fumigation Divisor at 100 meters unitless 1
L ng/ml 0| {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mil 0{ |Carrection Factor for Schumpe Model unitless 1
%H0 % 4579

Specific Gravity unitless 142

Total Organic Carbon |g/l 3 951

Cs 137 pCi/ml 377

Temperature °F 105
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Table S8 16 (Contd) Henry s Law Constant Calculation for Tank SX 106 (2 pages)

Source Tank |SX 106 INPUT DATA |Date 36538 67349 Revision OiNH;
Dilution Rato |01 ug/ml
lon MW ¢l {moles/L) hi hi*ci 2500
Na*! 2299| 10 666794 01143] 1218071584 |From Weisenberger & Schumpe (1996) moles/L
Al 26 98 O 96 02174 0208596444 0 146793731
Fe* 55 85 000 01161| 625714E 05
cr?® 52] 2 492E 03 00848) 0000161455|Gas h{T) h (G0}
Ni*2 5871 2 044E 04 01654 3 38068E 05
K 3909 9 95BE 02 009221 0009178144|Ammonia 0 -0 0481
OH' 17 0074 1985 00839 0163371021 |Hydrogen 0 209 00218
NO; T 62 0049 338 00128 0043280378{Methane 0524 00022
NG, T 46 06055 287 007895 0228178871
CO; z 60 0092 043 01423 0080690647
PO, 3 94 9676 004 02119} 0007841637
80,2 96 0578| 7 497E 02 01117 Q008374652
F' 19 1 63BE 02 0092| 000150683
crt 35453 3 309E O1 00318 0010523043
Li*! 694 0 00 0 0754 0
Br' 79 916| 0 OOOE + 00 0 0269 0
Average
20 80351412 1 959870885
Mass fraction water in g 046 Temperature
Liguid density (kg/m3) 1420 000 deg F
T{C) 41 105
Temperaturs
deg C
40 55555556
PNL 10785
Schumpe Schumpe pure water K [mol/L(lig) atm [NH3
gmoles/L (g )|h (G) Kwater/Ksalt  {(mollkgwtr at [Henry s K Part P atm
Ammonia 0 1468793731 00481 9103782124 30 15616287| 2 153838868 | 0 068154463
Hydrogen 2 645E 02 2 568E+01 7 380E 04 1 869E 05| 0 000E+DO
Methane 5951E 03 6 856E+01 1138E 03 1 079E 05| O Q00E+Q0

S-8-30




Author&%og_«_ Date /Q_é,,{'go Checked by%r\?b%(w

DCRT
Case

244 S
8 (Story 1)

RPP-4941 Rev 0 Appendix G

Date i’ZG /00

Table $8-17 $X-105 Ammoma Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Charactenistics (Source Tank) Tank Charactenstics (Recelving Tank)

Parameter Units Value Parameter Units Value
NHg pg/mi 2555| |Percent Fill of Receving Tank % 80
Na pg/ml 235679/ |Volume of Vapor Space L 15359
AP pg/ml 44040| |Length of Waste Fall ft 31
Fe*? ug/ml 30| |Inside Drameter of Receiving Tank ft 15
crt pg/mi 338/ |Flow Rate of Waste gpm 4
Ni* pg/mi 12| |Total Pressure in Vapor Space atm 1
K" ug/ml 3375 |Ventilation Flow Rate for Receiving Tank ¢fm 005
OH' pg/mi 40939/| |Total Ventilation Flow Rate for Stack cfm 005
NO, pg/mil 164776} | Total Bubbler Flow Rate cth 3
NO, " pg/mi 142805/ | Temperature of Air in Vapor Space F 718
CO5° pg/mi 14131| |Stream Diameter inches 1
PO, 3 pgiml 3266/| |Tortuosity Factor unitless 1
80,7 pg/mi 4194] |Inihial Cencentration of NH; 1n the Vapor Phase mole/m” 0
F! Lo/mi 104} |Surface Area of Still Waste m? 16 417
cl' pg/mi 8998} [Fumigation Divisor at 100 meters unitless 1
Lt pg/mil 0] {Noen Fumigation Divisor at 100 meters unitless 1
Br' pg/mil 0| |Correction Factor for Schumpe Model unitless 1
%H-0 % 42 87

Specific Gravity unitiess 1468

Total Orgarc Carbon |g/l 3228

Cs 137 nCi/ml 384

Temperature °F 70
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Table $8-17 (Cont d} SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank [8X 105 INPUT DATA |Date 36538 70269 Revision O|NH;
Dilutien Ratio |0 1 ug/mi
lon MW ¢t (moles/L} hi hi*cl 2555
Na*! 2299| 10 25613862 01143| 1171729581 |From Weisenberger & Schumpe {1996} moles/L
Al 26 98 163 02174 0 35486642 0 150023193
Fe* 55 85 0 00 01161| 6 24862E 05
cr? 52| 6 491E 03 00648] 0000420627 |Gas h{T) h{G0)
N2 5871 2 041E 04 01654; 3 376089E 05
K? 3909 8 636E 02 00922] 0007961423|Ammonia 0 -0 0481
OH' 17 0074 24 € 0839{ 0201958095|Hydrogen 0299 00218
NO; 1 62 0049 2 66 00128 0034015512|Methane 0524 00022
NO, ' 48 0055 310 007951 0246775523
CO,;° 60 0092 024 01423] 0033508286
PO, 3 94 9676 003 02119] 0007288383
80,° 96 0576| 4 366E 02 01117] 0004877295
F! 19| & 466E 03 0092! 0000502804
ct’ 35453| 2 638EM 00318] 0008070632
Lt 894 000 0 0754 0
Br' 79 916| 0 OOOCE +00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T (C) 21 70
Temperature
deg C
21 11111111
PNL 10785
Schumpe Schumpse pure water K Imol/L{lig) atm |[NH3
gmoles/L {lig )[h (G) Kwater/Ksait (mollkgwtr at |Henrys K Part P atm
Ammonia 0 150023193 00481] 11 89866249 73 156835385 3 868415064 | 0 038771543
Hydrogen 2 064E 02 4 411E+)1 8025E 04 1145E 05| 0 Q0QE+OQ
Methane 4 238E 03 1 445E+02 1 537E-03 6 695E 06| 0 CO0E+Q0
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Table S8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc In Vapor Space YsNH3max 388 % Law Constant
Variable Vanable Variable
Delta C Deilta C Delta C
Tine hours T sec NH; mole/m® %NH2 % LFL NH3
0 0100 36 4 308E 02 010 067
00183 66 7 809E 02 019 122
0 0333 120 1 391E 01 034 218
0 0617 222 2 478E 01 060 388
01033 372 3 932E 01 095 615
01750 830 6 075E 01 147 9 50
0332 1194 9 525E 01 2 31 14 90
0 620 2232 1 305E+00 316 20 40
1035 3726 1 504E+00 365 2352
227 8154 1 595E+00 387 24 95
335 12060 1 588E+00 387 2499
538 19362 1 598E+00 387 2500
827 209784 1 588E+00 387 2500
g 68 34860 1 598E+00 387 25 00
109 39300 1 598E+00 387 2500
132 47640 1 598E+00 387 25 00
16 6 59580 1 588E+00 387 25 00
Time to fill from 0%
67 6| 243444 1 598E+00 387 25 00 |to 80% at 4gpm
Steady state with
27777 8| 100000000 1 598E+00 3 87 25 00 |continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-S
Source Tank 8SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH3 ng/mi 5111| |Percent Fili of Receving Tank % 80
Na** ug/ml 235679| |Volume of Vapor Space L 15359
Al pug/mi 44040| |Length of Waste Fall ft 31
Fe*? pg/mi 30| |Inside Diameter of Receiving Tank ft 15
crt? ug/mi 338/ |Flow Rate of Waste gpm 4
NI*2 pg/mil 12| [Total Pressure In Vapor Space atm 1
K pg/mt 3375| [Ventilation Flow Rate for Recelving Tank cfm 005
OH' pg/mi 40839| |Total Ventilation Flow Rate for Stack cfm 005
NO; ' ng/ml 164776/ | Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 142805/ | Temperature of Air in Vapor Space °F 718
CO3° pg/mi 14131] |Stream Diameter Inches 1
PO,° pg/ml 3266/ |Tortuosity Factor unitless 1
$0,° ug/mi 41941 {Initial Concentration of NH; in the Vapor Phase |mole/m’ 0
F! pg/mi 1041 {Surface Area of Stili Wasie m? 16 417
cl' pg/mi 8998/ iFumigation Divisor at 100 meters unitless 1
L ug/mi 01 iNon Fumigation Divisor at 100 meters unitless 1
Br' ugfmi 0! {Correction Factor for Schumpe Model unitless 1
%H,0O % 42 87

Specific Gravity unifless 1468

Total Organic Carbon |g/l 3228

Cs 137 uCi/ml 384

Temperature °F 70
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o[NHs

Source Tank {8X 105 INPUT DATA (Date 36538 7064 Rewvision

Dilution Ratio 10 1 ug/mi

ton M W ¢i {moles/L) hi hi ci 5111

Na ' 2299| 10 251362 0 1143 1171729581 |From Weisenberger & Schumpe (1296) moles/L

Al 26 98 163 02174 0 35486642 0300105104

Fe* 55 85 0 00 01161| 6 24862E-05

cr’ 52 6 491E 03 006848| 0000420627 |Gas h(T) h(G0)

Ni* 5871] 2 041E 04 01654) 3 37609E 05

K 3909] 8 63EBE 02 00922] 0007961423|Ammonia 0 0 0481

OH' 17 0074 241 00839| 0 201958095|Hydrogen 0289 00218

NO, ' 62 0042 2 66 00128 0034015512|Methane 0524 00022

NO, * 46 0055 310 00795 0246775623

COo,° 60 0092 0 24 0 1423| 0033508286

PO,° 94 9676 003 02119 0007286383

50,° 96 0576 4 386E 02 01117 0004877285

F' 19| b 466E 03 0092| 0000502894

cl’ 35453| 2 B38E 01 00318] 0008070832

Lt 694 0 00 00754 0

Br' 79916| 0 OOCE +00 0 0269 ]
Average

20 71872705 2 072068917

Mass fraction water In lig 043 Temperature

Liguid density (kg/m3) 1468 000 deg F

T(C) 21 70
Temperature
deg C
21 11111111

PNL 10785
Schumpe Schumpe pure water K |mol/L.{lg) atm |[NH3
gmoles/L (g )[h (G) Kwater/Ksalt  |[(mol/kgwtr at |Henrys K Part P atm

Ammonia 0 300105104 00481 11 89866249| 73 15835385| 3 868415064 | 0 077558261

Hydrogen 2 064E 02 4 M11E+01 8025E 04| 1 145E 05| 0 0ODE+00

Methane 4 238E 03 1 445E+02 1 537E 03 6 696E-06! 0 000E+00
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Table §8-17 (Cont'd) $X-105 Ammeonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc in Vapor Space %NHaimax) 776 % Law Constant
Varnable Variable Variable
Delta C Delta C Deilta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NH;
0 0100 36 8 618E 02 021 135
00183 66 1 662E 01 038 2 44
00333 120 2 783E 01 067 4 35
0 0617 222 4 958E 01 120 775
01033 372 7 865E 01 191 12 30
0 1750 630 1 215E+00 2 95 19 00
0332 1194 1 905E+00 462 29 80
0620 2232 2 610E+00 6 33 40 81
1035 3726 3 008E+00 7 29 47 05
227 8154 3 191E+00 773 49 90
335 12060 3 197E+00 775 50 00
538 19362 3 197E+00 775 50 00
827 20784 3 197E+00 775 50 00
068 34860 3 197E+00 775 50 00
109 39300 3 197E+00 775 50 Q0
132 47640 3 197E+00 775 50 Q0
16 6 59580 3 197E+00 775 50 00
Time to fill from 0%
67 6 243444 3 197E+00 775 50 00 |to 80% at 4gpm
Steady state with
27777 8| 100000000 3 197E+00 775 50 00 |continuous addition
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Table $8-17 (Cont'd) SX-105 Ammomnia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K ¢alcutation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receving Tank)
Parameter Units Value Parameter Units Value
NH3 na/mi 10221| |Percent Fill of Receiving Tank % 80
Na*' pg/ml 235679 | |Volume of Vapor Space L 15359
Al ug/mi 44040| |Length of Waste Fall ft 31
Fe* ug/ml 30| |inside Diameter of Receiving Tank fit 15
cr ng/ml 338| |[Flow Rate of Waste gpm 4
NI*2 ug/ml 12| |Total Pressure in Vapor Space atm 1
K*! ug/ml 3375/ |Ventilation Flow Rate for Receiving Tank cfm 005
OM' pg/ml 40939| [Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 164776 |Total Bubbler Flow Rate cth 3
NO, ' pg/mi 142805| [Temperature of Air in Vapor Space °F 718
CO,? pgimi 14131| | Stream Diameter inches 1
PO,* pg/mi 3266| | Tortuosity Factor unitless 1
50,° ng/mi 4194] |Initial Concentration of NH, In the Vapor Phase |mole/m” 0
F ug/mi 104} |Surface Area of Still Waste m? 16 417
cl' pgfmi 8998} |Furmigation Divisor at 100 meters unitless 1
L ug/mi 0! [Non Fumigation Divisor at 100 meters uniless 1
Br' pgiml 01 [Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87
Specific Gravity unitiess 1468
Total Organic Carbon |g/l 3228
Cs 137 pCifml 384
Temperature °F 70
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Table §8-17 (Contd) SX 105 Ammoma Calculations for Shumpe Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36538 70711 Revision ONH;

Dilution Ratio (0 1 ug/mli

lon MW ¢l {moles/L) hi [ 10221

Na*! 2299; 10 261362 01143| 1 171720581 [From Weisenberger & Schumpe (1996) moles/L.

Al 26 98 163 02174 0 35486642 0 600151491

Fe™ 55 85 000 01161| 6 24B862E 05

cr* 52| B491E 03 00648| 0 000420627 Gas h (T) h{G0)

N2 5871| 2 041E 04 01654| 3 37609E 05

K 3809| 8 635BE 02 00922] 0007961423|Ammonia 0 -0 0481

OH' 17 0074 241 00838 0201958095 |Hydrogen 0 209 00218

NO, 1 62 0049 2 66 00128| 0034015512|Methane 0524 00022

NO, ! 46 0055 310 00795 0246775523

CO,;° 60 0092 0 24 01423| 0033508286

PO,° 94 9676 003 02119 © 007286383

50, 2 96 0576 4 366E 02 01117 0004877295

F' 19| 5 466E 03 0092| 0000502894

ci' 35453| 2 B38E O1 00318 0 008070632

i’ 594 000 0 0754 0

Br' 79 916| 0 OOOE+ 00 00269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liguid density {(kg/m3) 1468 000 deg F

T{C) 21 70
Temperature
deg C
21 11111111

PNL 10785
Schumpe Schumpe pure water K [mol/L(lig) atm |[NH3
gmoles/L (g }h (G) Kwater/Ksalt  j(molikgwir at |Henrys K Part P atm

Ammonia 0 600151491 00481 11898662491 73 15835385| 3 869415064 | 0 155101348

Hydrogen 2 0B4E 02 4 411E+01 8025E 04| 1 145E 05| 0 0COE+00

Methane 4 238E 03 1 445E+02 1 537E 03 6 G96E 06 0 Q00E+Q0
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Cone tn Vapor Space YeNHamaxy 15 51 % Law Constant
Variable Variable Vanable
Delta C Delta C Deita C
Time hours| T sec  |[NHz mole/m®]  %NH; % LFL NH;
00100 36 1 723E 01 042 270
00183 66 3124E M 076 489
00333 120 5 566E 01 135 870
0 06817 222 9 914E M 240 15 51
01033 372 1 573E+00 3 81 24 60
01750 630 2 430E+00 589 38 01
0332 1194 3 810E+00 924 59 59
0620 2232 § 219E+00 12 65 8162
1035 3726 6 016E+00 14 58 94 08
227 8154 6 381E+00 15 47 8979
335 12060 6 393E+00 15 50 99 99
5 38 19362 6 304E+00 15 50 100 00
827 28784 6 394E+00 15 50 100 00
968 34860 6 394E+00 15 50 100 G0
109 39300 6 394E+00 15 50 100 00
132 47640 6 394E+00 15 50 100 00
16 6 59580 6 384E+00 15 50 100 00
Time to fill from 0%
67 6] 243444 6 394E+00 15 50 100 00fto 80% at 4gpm
Steady state with
27777 8} 100000000 6 394E+00 15 50 100 00|continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratio 01 Carrection Factor for Schumpe Model 1
Receing Tank 244 S

Liguid Waste Charactenstics {Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; ng/mil 19621 |Percent Fill of Receiving Tank % 80
Na*' pg/ml 235679 |Volume of Vapor Space L 15359
Al* ug/mi 44040| |Length of Waste Fall ft 31
Fe*3 pa/ml 30| [Inside Drameter of Receiving Tank ft 15
cr ug/m| 338/ [Flow Rate of Waste apm 4
Ny 2 po/mi 12| [Total Pressure in Vapor Space atm 1
K pgfimi 3375 |Ventilation Flow Rate for Receving Tank cfm 005
oH’ pa/mi 40939| | Total Ventilation Flow Rate for Stack cfm 005
NO; T pg/ml 164776| | Total Bubbler Flow Rate cth 3
NO, ' pg/mi 142805 |Temperature of Air in Vapor Space °F 818
COy 2 pgimi 14131] |Stream Diameter inches 1
PO,* ng/mil 32661 | Tortuosity Factor unitless 1
80,% pg/mi 4194 {imtial Concentration of NH; In the Vapor Phase |mole/m” 0
F! ug/mi 104! {Surface Area of Still Waste m* 16 417
cl' ngimi 8998; iFumigation Divisor at 100 meters unitless 1
U pg/mi 0! {Non Fumigation Divisor at 100 meters unitless 1
ar’ ng/mi 0y |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87
Specific Gravity unitless 1 468
Total Organic Carbon |g/l 3228
Cs 137 uCml 384
Temperature °F 80
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Table $8-17 (Cont d) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank {8X 105 INPUT DATA (Date 36538 70744 Revision 0O|NH,
Dilufion Ratio {0 1 ug/mil
fon MW ¢t {moles/L} hi hi ¢l 1962
Na" 2299] 10 261362 01143| 1 171729581 |From Weisenberger & Schumpe (1896) moles/L
Al* 26 98 163 02174 0 35486642 011520372
Fe* 5585 0 00 01161| 6 24862E 05
Cr3 52] 6 491E 03 00648| 0 000420627|Gas h(T) h (G 0)
Ni 2 5871] 2 041E 04 01654 3 37609E 05
K 3909] 8 63BE 02 00822 0007961423]Ammonia 0 0 0481
OH' 17 0074 241 00839 0201958085 [Hydrogen 0299 00218
NO4 1 62 0049 2 66 00128 0034015512 |Methane 0524 00022
NO, 46 0055 310 00795| 0 246775523
CO,° 60 0092 024 01423| 0033508286
PO,° 94 9676 003 02119 0007286383
80,° 96 0576y 4 366E 02 01117 0004877295
F! 19] & 466E 03 0092| 0000502894
cl’ 35453| 2 B38E 01 00318| 0008070632
Lt 694 0 00 00754 0
Br' 79 916| O 00OE + 00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in Iig 043 Temperature
Liguid density (kg/m3)} 1468 000 deg F
T(C) 27 80
Temperature
deg C
26 56666667
PNL 10785
Schumpe Schumpe pure water K [molfL{ig) atm [NH3
gmoles/L (g ) h {G) Kwater/Ksalt  |[(mol/kgwtr at |Henry s K Part P atm
Ammonia 011520372 00481 11 89866249| 56 17624453) 2 971215116 | 0 038773268
Hydrogen 2 230E 02 4 075E+01 7771E 04 1 200E 05| 0 Q00E+00
Methane 1 327E 03 1 258E+02 1 389E 03 6 949E 08| 0 000E+0D
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equl NH3 Conc In Vapor Space Yo NH3max 388 % Law Constant
Variable Variable Vanable
Deita C Delta C Deita C
Time hours| T sec |NH; molefm®]  %NH, % LFL NHj
00100 36 3 526E 02 0 09 0 56
00183 66 6 403E 02 016 102
00333 120 1 145E 01 028 182
0 0617 222 2 052E 01 051 327
0 1033 372 3 284E 01 0 81 523
0 1750 630 5 149E 01 127 820
0 332 1194 8 306E 01 205 13 23
0620 2232 1 185E+00 293 18 89
1035 3726 1 419E+00 351 2262
227 8154 1 560E+00 385 24 85
335 12060 1 568E+00 387 24 98
538 19362 1 569E+00 387 24 99
827 29784 1 569E+00 387 24 99
968 34860 1 569E+00 387 24 99
109 39300 1 569E+00 387 24 99
132 47640 1 569E+00 387 24 99
166 59880 1 569E+00 387 24 99
Time to fill from 0%
B7 6] 243444 1 569E+Q0 3 87 24 99 (to 80% at 4gpm
Steady state with
27777 81 100000000 1 569E+00 387 24 99 |continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Ditution Ratio 01 Correcfion Factor for Schumpe Model 1
Recelving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NHa pg/ml 3925| |Percent Fill of Receving Tank % 80
Na*' po/ml 235679| |Volume of Vapor Space L 15359
Al ug/mi 44040| |Length of Waste Fall ft 31
Fe* pg/ml 30| |Inside Diameter of Recewving Tank ft 15
cr® ug/mi 338/ |Flow Rate of Waste gpm 4
NI* pg/mi 12| |Total Pressure in Vapor Space atm 1
K pg/mil 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ng/ml 40939| [Total Ventilation Flow Rate for Stack c¢fm 005
NO; ' pg/mi 164776 |Total Bubbler Flow Rate cth 3
NO, ' pg/ml 142805 | [Temperature of Air in Vapor Space °F 818
CO3° pg/mi 14131/ |Stream Diameter inches 1
PO, ng/ml 3266| |Tortuosity Factor unitless 1
S0,° pg/ml 4194 |Initial Concentration of NH; in the Vapor Phase [mole/m” 0
F ug/ml 104| |Surface Area of Stll Waste m? 16 417
cl’ ug/ml 8998| |Fumigation Diviscr at 100 meters unitless 1
L pg/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0! iCorrection Factor for Schumpe Model unitless 1
%H0O % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 uCi/m| 384

Temperature °F 80
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Table S8 17 (Contd} SX 105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA [Date 36538 70766 Revision O[NH3

Dilution Ratio (01 ug/ml

lon MW ¢l {moles/L) hi hi ¢ 3929

Na*' 2299| 10 251362 01143| 1171729581 |From Weisenberger & Schumpe (1996) moles/L

AR 26 98 1863 02174 0 35486642 0 230466158

Fe'™ 55 85 0 00 01161| 6 24862E-05

cr'® 92| 6 491E03 00648 0 000420827{Gas h(T) h (G 0}

Ni*2 5871 2041E 04 01664 337609E 05

K" 3909| 8 83BE Q2 00922] 0007961423|Ammonia 0 00481

OoH’ 17 0074 2 41 00839] 0 201958095|Hydrogen 0299 00218

NO; 1 62 0049 266 00128] 0034015512|Methane 0824 00022

NO, ! 48 0055 310 00795 0246775523

COs° 60 0092 0 24 01423 0033508286

PO,° 94 9B76 003 02118 0007286383

50,7 86 0576] 4 366E 02 01417 0004877205

F' 19| B 466E 03 0092 0000502894

¢’ 35453| 2 B3SE O1 00318 0008070632

L+ 694 0 00 0 0754 0

Br’ 79 916 0 OOOE + 00 00269 0
Average

20 71872705 2 072068917
H

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3)} 1468 000 deg F

T(C) 27 80
Temperature
deg C
26 666656667

PNL 10785
Schumpe Schumpe pure water K [mol/L{hq) atm |NH3
gmoles/L (g }|h (G) Kwater/Ksalt  [(mol/kgwir at [Henrys K Part P atm

Ammonia 0 230466158 -0 0481( 11 89866249| 56 17624453( 2 971215116 | 0 077566288

Hydrogen 2 230E 02 4 Q75E+01 7771EQ4] 1200E05( OO0C0E+Q0

Methane 1 327E 03 1268E+02] 1 389E-03] 6949E 08| 0 0COE+D0
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equl NH3 Conc in Vapor Space % NHamag 776 % Law Constant
Variable Vanable Variable
Delta C Delta C Delta C
Time hoursi T sec NH, mole/m® %NH; % LFL, NH,
0 0100 36 7 053E 02 017 112
00183 66 1 281E 01 032 204
0 0333 120 2 290E 1 0 57 365
00617 222 4 105E 1 101 6 54
01033 372 6 570E 01 162 10 47
01750 830 1 030E+00 2 54 16 41
0332 1194 1 662E+00 410 26 48
0620 2232 2 372E+00 5 86 3779
1035 3726 2 840E+00 7 01 45 25
227 8154 3 120E+00 771 49 71
335 12060 3 137E+00 775 49 98
538 19362 3 138E+00 775 50 00
827 29784 3 138E+00 775 50 00
968 34860 3 138E+00 775 50 00
10 9 39300 3 138E+00 775 50 00
132 47640 3 138E+00 775 50 00
16 6 59580 3 138E+00 775 50 00
Time to fill from 0%
67 6| 243444 3 138E+00 775 50 00 [to 80% at 4gpm
Steady state with
27777 8| 100000000 3 138E+00 775 50 00 [continuous addition
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Table 8$8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-S
Source Tank 8X 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NHz ug/ml 7850| |Percent Fill of Receving Tank % 80
Na"' pg/ml 235679| [Volume of Vapor Space L 15359
A" ug/ml 44040| [Length of Waste Fall ft 31
Fe*® pg/ml 30| |Inside Diameter of Receving Tank ft 15
cr pg/ml 338| |Flow Rate of Waste gpm 4
N2 pg/ml 12| |Total Pressure in Vapor Space atm 1
K pg/ml 3375| |Ventlation Flow Rate for Receving Tank cfm 005
OH' pg/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO; * pg/ml 164776| | Tota! Bubbler Flow Rate cfh 3
NO, ' pg/mi 142805| |Temperature of Air in Vapor Space °F 818
COs* pg/mi 14131 | Stream Diameter inches 1
PO, pgimt 32661 [Tortuosity Factor unitless 1
S0, *? ug/mi 4194 |Initial Concentration of NH; in the Vapor Phase |mole/m” 0
F' pg/mi 104] {Surface Area of Still Waste m* 16 417
cl' ug/mi 89981 IFumigation Divisor at 100 meters unitless 1
Lot pgimi 0] iINon Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0] {Correction Factor for Schumpe Model unitless 1
%H0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |gi 3 228

Cs 137 uCi/mi 384

Temperature °F 80
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Table §8-17 (Contd) SX 105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |8X 105 INPUT DATA jDats 36538 70784 Revision 0|NHy
Dilution Ratio |01 ug/mi
lon MW ¢l {moles/L) hi hi ci 7850
Na™ 2298| 10 251362 01143| 1171729581 |From Weisenberger & Schumpe (1986)  |moles/L
A 26 98 163 02174 0 35486642 0 460932316
Fe™ 55 85 0 00 01161 6 24862E 05
cr 52| 6491E 03 00648| 0000420627 |Gas h (T) h (G 0)
Ni™ 5871 2 041E 04 0 1654] 3 37609E 05
K ! 3909| 8 63BE 02 00922 0007981423|Ammonia 0 0 0481
OoH' 17 0074 241 0 083%| 0201958005 [Hydrogen 0299 C 0218
NO; 1 62 0049 2 66 00128] 0034015512 |Methane 0524 00022
NO, ! 46 0055 310 00795 0246775523
CO,° 60 0092 024 01423} 0033508286
PO,° 94 9676 003 02119 0007286383
50,° 96 0576| 4 366E 02 01117 0004877295
F! 19| 5 466E 03 0092] 0000502824
cl’ 35453 2 B38E 01 00318| 0008070632
T 694 0 00 0 0754 0
Br’ 79 916| O 0OOE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in liq 043 Temperature
Liquid density {kg/m3) 1468 000 deg F
T (C) 27 80
Temperature
deg C
26 66666687
PNL 10785
Schumpe Schumpe pure water K [mol/L{hqg} atm [NH3
gmoles/L (g )| h (&) Kwater/Ksalt  [(mol/kgwir at |Henry s K Part P atm
Ammonia 0 460932316 00481 11 89866249] 56 17624453| 2 971215116 | 0 155132597
Hydrogen 2 230E 02 4 075E+1 7 771E 04 1 200E 05| 0 000E+00
Methane 1 327E 03 1 25BE+02 1 389E 03 6 949E 06| 0O Q0DE+00
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Table $8-17 {Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc In Vapor Space %N Haman 15 51 % Law Constant
Vanable Vartable Variable
Delta C Delta C Delta C
Time hours| T sec  |NH; mole/m®]  %NH, % LFL. NH;
0 0100 36 1 411E 01 035 225
00183 66 2 562E 01 063 4 08
00333 120 4 580E 01 113 7 30
0 0617 222 8 209E 01 203 1308
0 1033 372 1 314E+00 325 20 94
0 1750 630 2 060E+00 509 3282
0332 1194 3 323E+00 8 21 52 95
0620 2232 4 743E+0Q0 1171 7557
1035 3726 5 B79E+00 14 03 90 49
227 8154 6 240E+00 15 41 99 42
335 12060 6 273E+00 15 49 99 96
538 19362 6 276E+00 15 50 100 00
827 29784 B 276E+00 15 50 100 00
968 34860 6 276E+00 15 50 100 00
108 39300 6 276E+00 15 50 100 00
132 47640 8 276E+00 15 50 100 00
166 59580 6 276E+00 15 50 100 00
Time to fll from 0%
67 6| 243444 6 276E+00 15 50 100 Q0 |to 80% at 4gpm
Steady state with
27777 8| 100000000 6 276E+00 15 50 100 00 |continuous addition
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilutton Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Charactenistics (Receitving Tank)

Parameter Units Value Parameter Units Value

NH pg/mi 1521| |Percent Fill of Receving Tank % 80
Na*' png/mi 235679} |Volume of Vapor Space L 15359
Al ng/mil 44040| |Length of Waste Fall ft 31
Fe*® pg/mi 30| |Inside Diameter of Recewving Tank ft 15
cr? pg/ml 338/ |Flow Rate of Waste gpm 4
Ni # hg/mi 12| |Total Pressure in Vapor Space atm 1
K pug/mi 3375| [Ventilation Flow Rate for Recetving Tank ¢im 005
OH' png/mil 40939{ |Total Ventilation Flow Rate for Stack cfm 005
NO; ' ng/mi 164776 | Total Bubbler Flow Rate ¢fh 3
NO, ' ng/mi 142805| | Temperature of Aw 1n Vapor Space °F 918
COs° pg/mi 14131| |Stream Diameter inches 1
PO,° pg/ml 3266| |Tortuosity Factor unitiess 1
80,* ug/ml 4194] |Initial Concentration of NHs In the Vapor Phase |mole/m® 0
F! pg/ml 104 |Surface Area of Still Waste m? 16 417
cl’ ug/mi 8998/ |Fumigation Divisor at 100 meters unitless 1
Lt pgfml 0| [Nen Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitiess 1
%H-,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/! 3228

Cs 137 uCi/ml 384

Temperature °F 90
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Table S8 17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA [Date 36538 70817 Rewvision 0O{NH;
Dilution Ratio {01 ug/mi
lon MW ci {moles/L) hi hi*el 1521
Na*' 2299 10 261352 01143 1 171729581 |From Weisenberger & Schumpe (1996) moles/L
Al 2698 163 02174 0 35486642 0 089309308
Fe™ 55 85 0 00 01161| B 24862E 05
cr® 52| 6 491E 03 00648 0000420627 |Gas h (T) h (G 0)
Ni*2 5871 2 041E 04 01654| 337609E 05
KM 3909] 8 636E 02 00922 0007961423]Ammonia 0 0 0481
OH ' 17 0074 241 00839 0 201958095|Hydrogen 0209 00218
NO, f 62 0049 2 66 00128| 0 034015512|Methane 0524 00022
NO, 46 0055 310 00795| 0246775523
CO,° 60 0002 024 01423 0033508286
PO, 94 9676 003 02119 0007286383
80,°% 96 0576| 4 366E 02 01117 0004877295
F! 19| B 466E 03 0092| 0000502894
cl’ 35 453] 2 B3BE 0] 00318| 0008070832
Li*! 694 000 0 0754 0
Br' 79 916| 0 OOOE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in Iig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T{C) 32 90
Temperature
deg C
3222222222
PNL 10785
Schumpe Schumpe pure water K _|mol/L{liq} atm [NH3
gmolesiL (g )[h (G) Kwater/Ksalt  |{mclikgwir at [Henry s K Part P atm
Ammonia 0 089309306 00481 11 89866249] 43 52508667| 2 302083319 | 0 038724993
Hydrogen 2 306E 02 3 764E+01 7 576E 04 1 267€ 05| 0 O0DE+Q0
Methane 1 584E 03 1095E+02| 1271E 03| 7 308E 08| 0 O000E+00
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Table §8-17 {(Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc in Vapor Space %o NH3max 388 % Law Constant
Variable Variable Varniable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NH;
0 0100 36 2 B92E 02 007 047
00183 66 5 261E 02 013 0 85
00333 120 9 431E 02 024 153
0 0617 222 1 699E 01 043 276
0 1033 372 2 740E 01 069 4 45
0 1750 630 4 349E 01 109 7 06
0332 1194 7 189E 01 181 1167
0620 2232 1 065E+00 268 17 28
1 035 3726 1 324E+00 333 21 49
227 8154 1 520E+00 382 24 66
335 12060 1 538E+00 387 24 96
538 19362 1 541E+00 3 88 2500
827 29784 1 541E+00 388 25 00
968 34860 1 541E+00 388 2500
109 39300 1 541E+00 388 25 00
132 47640 1 S41E+00 388 2500
16 6 59580 1 541E+00 388 2500
Time to fill from 0%
67 61 243444 1 541E+00 388 25 00{to 80% at 4gpm
Steady state with
27777 8] 100000000 1 541E+00 3 88 25 00jcontinuous addition
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Table $8-17 (Cont'd} $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 106
Dilution Ratio 01 Correction Factor for Schumpe Mode! 1
Recewving Tank 244 S

Liguid Waste Characteristics {Source Tank) Tank Characteristics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; ugfmi 3041 |Percent Fill of Receving Tank % 80
Na'' ug/mi 235679( |Volume of Vapor Space L 15359
A pg/mi 44040/ |Length of Waste Fall ft 31
Fe* pug/ml 30| |inside Diameter of Receiving Tank ft 15
crt® pg/mi 338| |Flow Rate of Waste gpm 4
Nt pg/ml 12| {Total Pressure in Vapor Space atm 1
K pg/mi 3375| |Ventilation Flow Rate for Recelving Tank cfm 005
OH ' ug/ml 40939| {Total Ventilation Flow Rate for Stack cfm 005
NO, ! ug/ml 164776 |Tota! Bubbler Flow Rate cfh 3
NO, ' pg/ml 142805/ |Temperature of A in Vapor Space °F 918
COs* pg/mi 14131} |Stream Diameter inches 1
PO,° ug/mi 3266/ |Tortuosity Factor unitless 1
80,* pg/ml 4194/ |Inttial Concentration of NHs In the Vapor Phase |mole/m” 0
F! pg/ml 104| |Surface Area of Still Waste m? 16 417
cl' pg/mi 8998| |Fumigation Divisor at 100 meters unitless 1
Lt ug/mi 0] {Non Furmigation Divisor at 100 meters unitless 1
Br' ng/ml 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 uCiiml 384

Temperature °F 90
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Table $8-17 {(Cont d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA {Date 38538 70834 Revision O|NH,

Ditution Ratio [0 1 ug/ml

lon M W ¢l {moles/L) hi hi o1 3041

Na"! 22998 10261362 01143; 1171729581 |From Weaisenberger & Schumpe (1998) moles/L

AlP 26 98 163 02174 0 35486642 0 178559895

Fe* 55 85 000 01161 6 24862E 05

cr™ 52| 6491E 03 00648] 0000420627|Gas h (T} h(G0)

Thd 5871 2 041E 04 01654 3 37609E 05

K 3908 8 63BE 02 00922{ 0 007961423 |Ammonia 4] 0O 0481

OH' 17 0074 241 0 0839! 0 201958095 |Hydrogen 0 299 00218

NO, T 62 0049 2 66 00128] 0 034015512|Methane 0524 00022

NO, ! 45 0055 310 00795] 0246775523

CO,* 60 0092 0 24 01423] 0033508286

PO, 94 9676 003 02119] 0007286383

50,2 96 0576| 4 366E 02 01117] 0004877295

F! 19| 5 466E 03 0092| 0000502894

cr 35453| 2 B3BE O1 00318! 0008070632

L 6 94 0 00 0 0754 0

Br' 79 916| O OOOE + 00 0 0269 0
Average

20 71872705 2 072068917

Mass fracticn water in Iiq 043 Temperature

Ligusd denstty (ka/m3) 1468 000 deg F

T{(C) 32 an
Temperature
deg C
32 22222222

PNL 10785
Schumpe Schumpe pure water K [mol/L(hq) atm |NH3
gmoles/L (Iiq )ih {G) Kwater/Ksalt  |{mol/kgwtr at |Henrys K Part P atm

Ammoenia 0 178559895 00481| 11 89866249| 43 52508667 | 2 302083319 007756448

Hydrogen 2 396E 02 3 764E+01 7 576E 04 1 267E 05| 0 O00E+00

Methane 1 584E 03 1 095E+02 1271E 03| 7 308E 06} 0 000E+00
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc In Vapor Space Y%NH3max) 776 Y% Law Constant
Variable Variable Varnable
Delta C Delta C Delta C
Time hours| T sec  iNH; mole/m®|  %NH, % LFL NH,
0 0100 36 5 783E 02 015 094
00183 66 1 052E 01 026 171
0 0333 120 1 886E 01 0 47 306
00617 222 3 397E 01 085 551
0 1033 372 5 478E 01 138 8 89
01750 630 8 695E 01 219 14 11
0 332 1194 1 437E+00 362 23 33
0 620 2232 2 128E+00 536 34 55
1035 3726 2 B47E+00 6 66 42 96
227 8154 3 038E+00 7 64 49 31
335 12080 3 075E+00 774 49 91
538 19362 3 081E+00 775 49 99
827 29784 3 081E+00 775 49 99
968 34860 3 081E+00 T15 49 99
109 39300 3 081E+00 775 49 99
132 47640 3 081E+00 775 49 99
166 59580 3 081E+0Q0D 775 49 99
Time to fill from 0%
67 6] 243444 3 081E+00 775 49 99 |to 80% at 4gpm
Steady state with
27777 8} 100000000 3 081E+00 775 49 99| continuous addition
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Table S$8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 108
Dilution Ratio 01 Correction Factor for Schumpe Madel 1
Recewving Tank 244 S

Ligquid Waste Charactenistics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NHs pg/mi 6083| |Percent Fill of Receving Tank % 80
Na ' pg/mi 235679| IVolume of Vapor Space L 15359
Al ® pg/mil 44040; iLength of Waste Fall ft 31
Fe * pg/mi 30 fInside Diameter of Receiving Tank ft 15
Cr? pg/mi 338| [Flow Rate of Waste gpm 4
N2 pg/ml 12| | Total Pressure in Vapor Space atm 1
K? ng/ml 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/ml 164776 | Total Bubbler Flow Rate cfh 3
NO,* pug/ml 142805| {Temperature of Air in Vapor Space °F 918
CO;* ng/ml 14131] |Stream Diameter inches 1
PO,° pg/mi 3288| |Tortuosity Factor unitless 1
S0,° pg/mi 4194| {Inihal Concentration of NH; in the Vapor Phase [mole/m” 0
F! ug/mi 104} Surface Area of Still Waste m? 16 417
cl' ug/mi 8998| {Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| {Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0| |Correction Factor for Schumpe Model unitless 1
%H-0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/l 3228
Cs 137 uCr/ml 384
Temperature °F 90
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Table S8 17 (Contd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank 1SX 105 INPUT DATA {Date 36538 70853 Rewvision 0O[NH3

Dilution Ratio [0 1 ug/ml

lon MW ¢l (moles/L} hi hi e 6083

Na*’ 2299| 10 261352 01143; 1 171729581|From Wesenberger & Schumps {1936) moles/l.

Al 26 98 163 02174 0 35486642 0 357178507

Fe* 55 85 0 00 01161} 6 24862E 05

cr 52| 6 491E 03 00648| 0000420627 Gas h{T) h (G 0)

N2 5871] 2 041E 04 01654| 3 37609E 05

K 3909| 8 635E02 00922 0 007961423|Ammonia 0 -0 0481

OH' 17 0074 24 00839 0201958085 |Hydrogen 0299 -0 0218

NO; ' 62 0049 2 66 00128 0034015512(Methane 0524 0 0022

NO, ' 46 0055 310 Q0795 02468775523

CO,° €0 0092 024 01423 0033508286

PO, * 94 9676 003 02119| 0007286383

80,° 96 0576{ 4 366E 02 01117 0004877295

F 19| b5 466E 03 0092 0000502894

¢l 35453 2 B38E 01 00318] 0008070632

L 694 0 00 00754 0

Br’ 79 916| O 0OCE +00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liguid density {kg/m3) 1468 000 deg F

T(C}) 32 90
Temperature
deg C
32 22222222

PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm [NH3
grmoles/L. (Iiq }|h {G) Kwater/Ksalt  {{mol/kgwtr at |Henrys K Part P atm

Ammenia 0 3567178507 00481 11 89866249| 43 52508667| 2 302083319 | 0 155154466

Hydrogen 2 308E 02 3 764E+MM 7576E 04| 1267E 05/ 0 0Q0E+00

Methane 1 584E 03 1 095E+02 1271E 03 7 308E 06| 0 COOE+Q0

S-8-56




DCRT
Case

RPP-4941 Rev ¢ Appena;(—G

Authm&%‘ Date 4 _/Qg 56 Checked by\ &
o

244-S
8 (Story 1)

)&N Date I}QG/OD
v

Table $8-17 (Cont d} SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equit NH3 Conc_in Vapor Space | %NHgmay 15 52 % Law Constant
Variable Varniable Variable
Delta C Delta C Defta C
Time hours| T sec  |NH; mole/m®|  %NH, % LFL, NHg
00100 36 1157 1 029 188
00183 66 2 104E 01 0563 3
0 0333 120 3772E 01 095 612
00817 222 6 796E 01 171 11 03
01033 372 1 096E+00 276 17 78
0 1750 630 1 738E+00 437 28 22
0332 1194 2 875E+00 723 46 66
0620 2232 4 269E+00 10 71 69 11
1035 3726 5 205E+00 13 32 8593
227 8154 6 O78E+00 1529 98 63
335 12060 6 152E+00 15 47 99 83
538 19362 6 162E+00 15 50 100 00
827 29784 6 162E+00 15 50 100 00
968 34860 6 162E+00 15 50 100 00
108 39300 6 162E+00 15 50 100 00
132 47640 6 162E+00 15 50 100 00
16 6 59580 6 162E+00 15 50 100 00
Time to fill from 0%
67 6| 243444 6 162E+00 15 50 100 00 [to 80% at 4gpm
Steady state with
27777 8| 100000000 6 162E+00 15 50 100 00 continuous addition
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Table §8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Characterstics (Receiving Tank)

Parameter Units Value FParameter Units Value
NH, pg/mi 1188/ |Percent Fill of Receving Tank % 80
Na** ugiml 235679 [Volume of Vapor Space L 15359
Al ugiml 44040| [Length of Waste Fall ft 31
Fe'® pg/mi 30| |Inside Diameter of Receving Tank ft 15
cr® pg/mt 338/ [Flow Rate of Waste gpm 4
NI pgiml 12} jTotal Pressure in Vapor Space atm 1
K pgfnl 23751 |Ventilation Flow Rate for Receiving Tank cfm Q05
OH' ugimi 40939( [Total Ventilation Flow Rate for Stack cfm 005
NO, ! po/mi 164776/ |Total Bubbler Fiow Rate cfh 3
NO, ug/mi 142805/ |Temperature of Ar In Vapor Space °F 1018
COs5° [Weliegl 14131| [Stream Diameter Inches 1
PO, ng/mi 3266 | |Tortuosity Factor unitiess 1
80,4 Hg/ml 4194| [Intial Concentration of NH; In the Vapor Phase |[mole/m” 0
F' pa/mi 104 | |Surface Area of Still Waste m? 16 417
cl' ug/mi 8998 | |Fumigation Divisor at 100 meters unitless 1
L ng/mi 0| [Non Furmigation Divisor at 100 meters unitless 1
Br' pg/ml 0] [Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1 468

Total Organic Carbon g/l 3228

Cs 137 uCiimi 384

Temperature °F 100
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Table §8-17 (Cont'd) SX-105 Ammomia Calculations for Shumpe Worst Case (99 pages)
Source Tank |8X 105 INPUT DATA |Date 36538 70878 Reviston O|NH,
Dilution Ratio [0 1 ug/mi
lon Mw ci {moles/L} 3} hi*ct 1188
Na*! 2299 10 251352 01143 1 171729581 |From Weisenberger & Schumps (1996)  |moles/L
AP 26 98 1863 02174 0 35486842 0 069756381
Fa® 55 85 0 00 01161] 6 24862E 05
cr® 52| &491E 03 00648 0000420627 |CGas h (T) h{G Q)
N 2 5871 2041E04 01654 3 37609E 05
K 3909/ 8 6356E 02 00922| 0007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00839| 0 201958095 |Hydrogen 0 299 00218
NO, ! 62 0049 2 66 00128 0 034015512]Methane 0524 00022
NO, ! 46 0055 310 00795| 0246775523
Cco;° 60 0092 024 01423 0033508285
PO, 94 9676 003 02119] 0007286383
SO, : 96 0576| 4 366E 02 01117] 0004877295
F' 19| 6 4866E 03 0082{ 0000502894
¢l 35453| 2 B38E 01 00318{ 0008070632
Lt 694 0 00 00754 0
Br' 79 916] 0 OOQE + 00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 28 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K |mol/L{lIig) atm {NH3
grnotes/L (lig )fh (G) Kwater/Ksalt {mol/kgwtr at |Henrys K Part P atm
Ammonia 0 069756381 00481] 11 89866249| 34 01071777 | 1 798859279 | 003877812
Hydrogen 2 562E 02 3 477E+01 7 434E 04{ 1 345E 05| 0 OOOE+00
Methane 4 486E 03 g 526E+01 1178E 03 7 779E 06| 0 00Q0E+QD
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Conc in Vapor Space %NHsmax 388 % Law Constant
Vanable Variable Varnable
Delta C Delta C Delta C
Time hours| T sec  [NH; mole/m®|  %NH, % LFL NH,3
0 0100 36 2 379E 02 0 06 0 39
00183 66 4 333E G2 011 072
00333 120 7 785E 02 020 129
0 0617 222 1 409E 01 0 36 233
01033 372 2 286E 01 059 378
01750 630 3 664E 01 094 6 05
0332 1194 6 185E 01 158 10 22
0620 2232 9 465E 01 242 15 64
1035 3726 1 219E+00 312 2015
227 8154 1 471E+00 377 24 30
335 12060 1 505E+00 385 24 87
538 19362 1 512E+00 387 24 98
827 29784 1 512E+00 387 24 99
968 34860 1 512E+00 387 24 99
109 39300 1 512E+00 3 87 24 99
132 47640 1 512E+00 387 24 99
166 59580 1 512E+00 387 24 99
Time to fill from 0%
67 6| 243444 1 512E+00 387 24 99(to 80% at 4gpm
Steady state with
27777 8] 100000000 1 512E+00 387 24 99 |continuous addition
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewing Tank 244 S

Liguid Waste Characteristics {Source Tank) Tank Charactenstics (Recelving Tank)

Parameter Units Value Parameter Units Value
NH; Hg/ml 2377} [Percent Fill of Recerving Tank % 80
Na"' ug/mil 235679 |Volume of Vapor Space L 15359
Al pg/mt 44040/ |Length of Waste Fall 1t 31
Fe*® pg/mi 30{ [Inside Diameter of Recewving Tank ft 15
crt ug/ml 338| |Flow Rate of Waste gpm 4
Ni*? pg/ml 12| |Total Pressure in Vapor Space atm 1
K ug/m 3375! |Ventilation Flow Rate for Receving Tank cfm 005
OH'’ ng/mi 40939 {Total Ventilation Flow Rate for Stack cfm 005
NO,* pg/ml 164776] | Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 142805 | Temperature of Air in Vapor Space °F 1018
COs° pg/mi 14131| |Stream Diameter inches 1
PO,° pg/mi 3266/ | Tortuosity Factor unitless 1
S0, 4 ug/mil 4194/ |Inihal Concentration of NHj in the Vapor Phase |[mole/m” 0
F pg/ml 104| |Surface Area of Still Waste m? 16 417
cl' ng/mi 8998 | |Fumigation Divisor at 100 meters unitless 1
Li*! pg/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0] |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/! 3228

Cs 137 uCi/mi 384

Temperature °F 100
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Table S8-17 {Contd) S$SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [$X 105 INPUT DATA |Date 36538 71042 Revision 0fNH,
Dilution Ratio [0 1 ug/ml
lon MW ¢t (moles/L) hi hi ¢ 2377
Na*! 2299 10 281362 01143] 1171729581 |From Waisenberger & Schumpe (1996) moles/L
Al 26 98 163 02174 0 35486642 0 13957148
Fe* 55 85 Q00 01161| 6 24862E 05
cr 52 6491E 03 0 0648| 0000420627 |Gas h(T) h(G0)
Ni*2 5871| 2 041E 04 01654| 3 37609E 05
K 3909| 8 B3BE 02 00922 0007951423 |Ammonia 0 00481
OH' 17 0074 241 00839( 0 201958095{Hydrogen 0 299 00218
NO, T 62 0048 2 66 00128 0034015512{Methane 0524 00022
NO, T 46 0055 310 00795 0246775523
CO,*° 60 0092 024 01423 0033508288
PO,°® 94 9676 003 02118] 0007286383
50,2 96 05768| 4 386E 02 01117} 0004877295
F' 18| B 468E 03 0092] 0000502894
cr’ 354531 2 B38E 01 00318 0008070632
L 6 94 0 00 00754 o
Br' 79 916| 0 OOOE + 00 00269 0
Average
20 71872705 2 0720688917
Mass fraction water in Iig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 38 100
Temperature
deg C
3777777778
PNL 10785
Schumpe Schumpe pure water K Imol/L{kg) atm |NH3
moles/L (g }h (G) Kwater/Ksalt  [(mol/kgwitr at [Henry s K Part P atm
Ammonia 0 13957148 00481] 1189866248 34 01071777| 1 798859279 | O 077588882
Hydrogen 2 562E 02 3 477E+01 7 434E 04 1 345E-05] 0 00DE+00
Methans 4 496E 03 9 528E+01 1178E 03| 7 779E 06] O ODDE+00Q
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc 1n Vapor Space | %NHamaq 776 % Law Constant
Variable Vanable Vanable
Delta C Delta C Delta C
Time hoturs T sec NH, mole/m® %NH; % LFL NH3
0 0100 36 4 760E 02 012 079
00183 66 8 669E 02 022 143
0 0333 120 1 558E 1 0 40 257
0 0817 222 2818 1 072 4 66
01033 372 4 573E 01 117 7 56
0 1750 630 7332E M1 188 12 11
0332 1194 1 238E+00 317 20 45
0620 2232 1 894E+00 4 85 3129
1 035 3726 2 440E+00 6 25 40 31
227 8154 2 943E+00 7 54 48 62
335 12060 3 011E+00 771 4975
538 19362 3 026E+00 775 49 99
827 20784 3 026E+00 775 50 00
968 34860 3 026E+00 775 50 00
109 39300 3 026E+00 775 50 00
132 47640 3 026E+00 775 50 00
1686 59580 3 026E+00 775 50 00
Time to fill from 0%
87 61 243444 3 026E+00 775 50 00[to 80% at 4gpm
Steady state with
27777 8| 100000000 3 026E+00 775 50 00 |continuous addition
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Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 106
Dilution Ratio 01 Correction Factor for Schumpe Mode! 1
Recewving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Recetving Tank)

Parameter Units Value Parameter Units Value
NH3 ug/mi 4754} |Percent Fill of Receiving Tank % 80
Na*' ug/m! 235679 |Volume of Vapor Space L 15359
Al' pg/ml 44040| [Length of Waste Fall ft 31
Fe' pg/ml 30| |Inside Diameter of Receving Tank ft 15
cr*® pgimi 338/ {Flow Rate of Waste gpm 4
Ni*2 pg/mi 12} [Totat Pressure in Vapor Space atm 1
K ug/mi 3375| [Ventilation Flow Rate for Receving Tank cfm 0 05
OH’ po/m| 40939| |Total Ventilation Flow Rate for Stack ofm 005
NO, pgfmi 164776| |Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 142805| [Temperature of Air in Vapor Space F 1018
CO,° ng/mil 14131| [Stream Diameter inches 1
PO,* ng/mi 3266 | Tortuosity Factor unitiess 1
S0,° pg/mi 4194/ [Initial Concentration of NH; In the Vapor Phase jmole/m® 0
F ug/mi 104 | |Surface Area of Still Waste m? 16 417
ci pug/mi 8998| |[Funigation Divisor at 100 meters unitless 1
Tk pa/mi 0j iNon Fumigation Divisor at 100 meters unitless 1
Br! Hg/mi 0! [Correction Factor for Schumpe Model unitiess 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/t 3228

Cs 137 uCi/ml 384

Temperature °F 100
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Table $8 17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank {SX 105 INPUT DATA [Date 36538 71059 Revision OfNH;
Diution Ratio [0 1 ug/ml
lon MW ¢l {moles/L) ht hiai 4754
Na*! 2298 10 251382 01143t 1 171729581 |From Wesenberger & Schumpe {(1996) moles/L.
A 26 98 163 02174 0 35486642 0 279142859
Fe* 55 85 0 00 01161| 6 24862E-05
cr? 52} 6 491E 03 00648 0000420627 |Gas h(T) h(GO)
N2 5871 2 041E 04 01654 3 37609E 05
K" 3909| 8 63BE Q2 00822) 0007961423 (Ammonia 0 00481
oH'’ 17 0074 2 41 00839] 0 201958085 [Hydrogen 0 209 00218
NO, ' 62 0049 2686 00128| 0034015512{Methane 0524 00022
NO, T 46 0055 310 00795 0246775523
CO, z 60 0092 024 01423| 0033508286
PO,° 94 9676 003 02119] 0007286383
S0, 96 0576| 4 366E 02 011417] 0004877295
F? 19] B 486E 03 0092| 0000502894
cl' 35 458} 2 H38E 01 00318 00080708632
L 694 0 00 0 0754 0
Br' 79 916| 0 OOOE +00 0 0269 0
Average
2071872705 2 07206817
Mass fraction water n lig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 38 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K_[mol/L{liq) atm |[NH3
gmoles/L {liq )jh (G) Kwater/Ksalt  |[{mol/kgwir at |Henrys K Part P atm
Ammonia 0 279142059 00481] 1189866249 34 01071777 [ 1 798850279 | 0 165177763
Hydrogen 2 562E-02 3 477E+01 7 434E 04 1 345E 05| 0O 000E+0Q
Methane 4 496E 03 9 526E+01 1178E 03 7779E 06| 0 000E+00
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Cone n Vapor Space %N Hagaax 1552 % Law Constant
Varnable Variable Variable
Deita C Delta C Deita C
Time hours T sec NH; mole/m® Y%NH; % LFL NH,
0 0100 36 9 520E 02 024 157
0 0183 66 1 734E 01 0 44 286
00333 120 3 115E 01 0 80 515
0 0617 222 5 637E 01 144 9 31
0 1033 372 9 146E 01 234 15 11
{1750 630 1 466E+00 376 24 23
0332 1194 2 475E+00 6 34 40 89
0620 2232 3 788E+00 970 62 58
1035 3726 4 879E+00 12 50 80 62
227 8154 5 886E+00 15 07 97 24
3 35 12060 8 023E+00 15 42 99 50
538 19362 6 051E+00 15 50 99 98
827 29784 6 052E+00 15 50 100 00
968 34860 6 052E+00 15 50 100 00
109 39300 6 052E+00 15 50 100 00
132 47640 6 052E+00 15 50 100 00
166 59580 6 052E+00 15 50 100 00
Time to fill from 0%
67 6 243444 6 052E+00 15 50 100 00 |to 80% at 4gpm
Steady state wath
27777 81 100000000 6 052E+00 15 50 100 00 |continuous addition
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Table $§8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX-105
Dilution Ratto 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 936| |Percent Fill of Receving Tank % 80
Na*! pa/mi 2356879] {Volume of Vapor Space L 15359
Al Hg/mi 44040( [Length of Waste Fall ft 31
Fe * ug/mi 30| [Inside Diameter of Recetving Tank ft 15
cr ug/ml 338/ |Flow Rate of Waste gpm 4
Ni*2 pg/ml 12| [Total Pressure in Vapor Space atm 1
K pg/ml 3375 [Ventilation Flow Rate for Receving Tank cfm Q05
OH* pg/mi 40939 {Total Ventilation Flow Rate for Stack cfm 005
NO, pg/mi 164776} | Total Bubbler Flow Rate cfh 3
NO, ! ug/mi 142805 | | Temperature of Ar in Vapor Space °F 1118
CO,° pg/mi 14131/ |Stream Diameter inches 1
PO,” ugfmi 3266/ [Tortuosity Factor unitless 1
$0,° pg/ml 4194 [Initial Concentration of NH; in the Vapor Phase |mole/m® 0
F' png/ml 104 |Surface Area of Still Waste m’ 16 417
cl? png/mil 8998| |Fumigation Divisor at 100 meters unitless 1
L pg/mi 0} [Non Fumigation Divisor at 100 meters unitliess 1
Br' ug/mt 0| |Correction Factor for Schumpe Model uhitless 1
%H,0 % 42 87

Specific Gravity unitiess 1468

Total Organic Carbon |g/l 3228

Cs 137 pCi/mi 384

Temperature °F 110
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Table $8-17 (Cont d) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA, |Date 36538 71084 Revision OINH;5

Dilution Ratio 10 1 ug/mi

fon MW ¢1 {(moles/L) hi hi*cl 936

Na®' 2299 10261362 01143| 1171729581 |From Weisenberger & Schumpe (1896} moles/L

Al 26 98 163 02174 0 35486642 0 054953573

Fe™ 55 85 0 00 01181 6 24862E 05

cr® 52| 6 491E 03 0 0848| 0000420627 |Gas h(T) h{G 0}

Ni*2 5871 2 041E 04 01654 3 37609E 05

K 39 08| 8 635E 02 00922 0007961423 Ammonia 0 00481

OH ' 17 0074 241 00838 0 201958095|Hydrogen -0 299 00218

NO3 1 62 0049 2 66 00128 0 034015512|Methane 0524 00022

NO, ' 46 0055 310 00795 0246775523

CO;* 60 0092 024 01423 0033508286

PO,” 94 9676 003 02119| 0007286383

S0y z 96 0576] 4 366E 02 01117t 0004877295

F' 19| B 466E 03 0092 0000502894

cl! 35453 2 B38E 01 00318 0008070632

L 694 0 00 00754 0

Br' 79 916| O COOE + 00 00269 0
Average

20 71872705 2 072088917

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3} 1468 000 deg F

T(EC) 43 110
Temperature
deg C
43 33333333

PNL 10785
Schumpe Schumpe pure water K [mol/L(lig) atm [NH3
gmoles/L (Iiq }|h (G) Kwater/Ksalt  {(molikgwtr at |Henry s K Part P atm

Ammonta 0 054959573 00481 11 898662491 26 79087387| 1 416994854 | 0 038786007

Hydrogen 2 728E-02 3 212E+01 7 337E 04] 1437E 05| O0QO000E+Q0

Methane 7 407E 03 8 291E+01 1 103E 03 8373E 06| 0000E+00

5-8-68




DCRT
Case

RPP4941 Rev 0 Appendix G

Author&g@ék?g&_ Date 42{7{00 Checked byf\%&b ‘%Q"— Date ] {1@ / 2

244.8
8 (Story 1)

Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Conc tn Vapor Space Y%eNH3zmax 388 % Law Constant
Variable Variable Vanable
Delta C Delta C Delta C
Time hours T sec NH; mole/m?® %MNH, % LFL NH;3
0 0100 36 1 968E 02 0 05 033
00183 €6 3 589E 02 009 0 60
0 0333 120 6 461E 02 017 109
0 0617 222 1 173E 01 0 31 197
01033 372 1 913E 01 050 322
01750 630 3 093E 01 0 81 5 20
0 332 1194 5311E 01 138 § 93
0620 2232 8 359E 01 218 14 06
1035 3726 1 112E+00 290 18 70
227 8154 1 413E+00 368 2377
335 12060 1 4B9E+00 383 2470
538 19362 1 485E+00 387 24 97
8 27 29784 1 486E+00 3 87 24 99
968 34860 1 486E+00 387 24 99
109 39300 1 486E+00 3 87 24 99
132 47640 1 486E+00 387 24 99
16 6 59580 1 486E+00 387 24 99
Time to fill from 0%
67 6] 243444 1 486E+00 3 87 24 99 [to 80% at 4gpm
Steady state with
27777 8| 100000000 1 486E+00 387 24 99| continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratro 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 §

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 1873| |Percent Fill of Recenving Tank % 80
Na*' ug/mi 235679 |Volume of Vapor Space L 15359
AP pg/mi 44040| |Length of Waste Fall ft 31
Fe ° pg/ml 30| |inside Diameter of Receving Tank ft 15
crt pg/ml 338| |Flow Rate of Waste gpm 4
NIt ug/mil 12| |Total Pressure in Vapor Space atm 1
K1 pg/ml 3375| {Ventilatton Flow Rate for Receiving Tank cfm 005
OH ' pg/mil 40938} |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 164776| |Total Bubbler Flow Rate cfh 3
NO, pg/mil 142805| |Temperature of Air in Vapor Space °F 1118
CO5° pgiml 14131| |Stream Diameter inches 1
PO,? pa/mi 3266 {Tortuosity Factor unitless 1
SO, ° pg/mi 4194/ |inhal Concentration of NHz In the Vapor Phase [mole/m” 0
F! pg/ml 104| |Surface Area of Still Waste m? 16 417
cl’ ug/ml 8998| [Fumigation Divisor at 100 meters unitless 1
Li*t pg/mi 01 {Nen Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless 1
%H,O % 4287

Specific Gravity unitless 1468

Total Organic Carbon [g/l 3228

Cs 137 uCvml 384

Temperature °F 110
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Table $8-17 (Cont'd} $X 105 Ammoma Calculations for Shumpe Worst Case (29 pages)
Source Tank [SX 105 INPUT DATA |Date 36538 71274 Rewvision OjNH;
Dilution Ratio |01 ug/ml
lon MW ¢t (moles/L) hi hi*ci 1873
Na*' 2299] 10 26513562 01143| 1171729581 [From Weisenberger & Schumpe {1296) moles/L
A" 2698 163 02174 0 35486642 0 109977864
Fe™ 55 85 000 01161| 6 24862E 05
crt? 52 & 491E 03 r0648; 0000420627 |Gas h{(T) h{(G0Q)
Ni*? 5871 2 041E 04 0 1654| 3 37609E 05
K" 3909] 8 636E 02 00922 0 007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00839] 0 201958095|Hydrogen 0 299 00218
NO, ! 62 0049 266 00128| 0034015512|Methane 0524 0 0022
NO, ! 46 0055 310 00795| 0246775523
CO,° 60 0092 024 01423] 0033508286
PO, 3 94 9676 003 02119 0007286383
S0, z 96 0576| 4 366E 02 01117 0004877295
F! 18] B 466E 03 0092; 0000502894
cl’ 35453] 2 B3sE 01 00318| 0008070632
L 694 0 00 0 0754 0
Br' 79 916| 0 OCOE +00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in g 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm |NH3
gmoles/L (hg }h (G) Kwater/Ksalt {mol/kgwtr at [Henrys K Part P atm
Ammonia 0 109977864 00481| 11 85866249| 26 79087387 | 1 416994854 | 0 077613453
Hydrogen 2728E 02 3 212E+01 7337E 04| 1437E05[ 0 00C0E+00
Methane 7 407E 03 8 291E+01 1 103E-03 8373E 06| 0O000E+00
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc In Vapor Space | %NHymay 776 % Law Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH,
0 0100 36 3 8938E 02 010 0 66
00183 66 7 182E 02 019 121
00333 120 1 293E 01 034 217
0 0617 222 2 347E 01 0 61 395
01033 372 3 828E 01 100 6 44
01750 630 6 189E 01 161 10 41
0332 1194 1 0B3E+00 277 17 87
0620 2232 1 873E+00 4 36 28 13
1035 3726 2 226E+00 5 80 37 43
227 8154 2 828E+00 7 37 47 56
335 12060 2 930E+00 7 66 49 43
538 19362 2 971E+00 774 49 97
827 29784 2 973E+00 775 50 00
968 34860 2 974E+00 775 50 00
1089 39300 2 974E+00 775 50 00
132 47640 2 974E+00 775 50 00
16 6 59580 2 974E+00 775 50 00
Time to fill from 0%
67 6| 243444 2 974E+00 775 50 00 |to 80% at 4gpm
Steady state with
27777 8! 100000000 2 974E+00 775 50 00| continupus addition
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case {99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244.5
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewing Tank 244 S

Liquid Waste Charactenistics (Source Tank) Tank Charactenstics {Recewving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 3745/ {Percent Fill of Receiving Tank % 80
Na*' pg/mi 235679| {Volume of Vapor Space L 15359
Al ug/ml 44040 |Length of Waste Fall ft 31
Fe™ ug/mi 30| |Inside Diameter of Receiving Tank ft 15
crr pg/ml 338| |Flow Rate of Waste gpm 4
Ni*2 pg/mil 12| |Total Pressure in Vapor Space atm 1
K pg/ml 3375| |Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/mi 40939| | Total Ventilation Flow Rate for Stack cfm 005
NOs ' pg/ml 164776/ |Total Bubbler Flow Rate cth 3
NO, ' png/mi 142805| |Temperature of Air in Vapor Space °F 1118
CO; 2 ug/mi 14131 |Stream Diameter inches 1
PO,° pgfmi 32686/ |Tortuosity Factor unitless 1
S0, ° pg/mi 4194 |Inttial Concentration of NH; In the Vapor Phase [mole/m” 0
F ug/ml 104 | [Surface Area of Still Waste m? 16 417
cl’ pg/mi 8998| |Furmigation Divisor at 100 meters uhitless 1
L pug/mi 0! [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0! iCorrection Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1 468

Total Crganic Carbon |g/i 3228

Cs 137 uCirol 384

Temperature °F 110
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Table §8-17 (Cont d) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pa?is)
Source Tank ($X 105 INPUT DATA |Date 36538 7129 Revision O}NH;
Dilution Ratio {01 ug/ml
lon MW ci {moles/L) hi hi ci 3745
Na® 2292| 102561362 0 1143| 1171729581 From Weisenberger & Schumpe {1896} molas/L
Al 26 98 163 02174| 035486642 0 21989701
Fe* 55 85 0 00 D1161] 6 24862E 05
cr' 52| 6 491E 03 00648| 0000420627 |Gas h(T) h (G 0)
Ni*2 5671| 2 041E 04 0 1654] 3 37609E 05
k! 3909 8 63BE 02 00922] 0007961423 Ammonia 0 0 0481
OH' 17 0074 241 00839{ 0 201958095|Hydrogen 0299 00218
NO, | 62 0049 2 68 00128| 0034015512|Methane 0524 00022
NO, ! 46 0055 310 00795 0246775523
CO3° 80 0092 024 01423| 0033508286
PO, " 94 9676 003 02118 0007286383
80,° 96 0576 4 366E 02 01117] 0004877295
F' 19| B 466E 03 0092 0000502894
K 35453 2 638E 01 00318 0008070632
u't 694 0 00 0 0754 0
Br' 79 916| 0 O0OE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liquid density {(kg/m3) 1468 Q00 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 10785
Schumpe Schumpe pure water K |mol/L{kq) atm [NH3
gmoles/L {ig )|h (G} Kwater/Ksalt  |(mol/kgwtr at [Henrys K Part P atm
Ammonia 0 21989701 00481| 11 89886249| 26 79087387 1 416994854 | 0 155185468
Hydrogen 2 728E 02 3212E+01| 72337E 04| 1437E 05| 0 QCOE+00
Methane 7 407E 03 8201E+01| 1103E 03| 8373E 06| 0 ODOE+00
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc In Vapor Space % NHgpan 15 52 % Law Constant
Variable Vanable Variable
Deita C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH;
0 0100 36 7 876E 02 021 132
0 0183 66 1 436E 01 037 241
0 0333 120 2 585E 01 067 4 35
0 0817 222 4 894E 01 122 7 89
01033 372 7 653E 01 199 12 87
01750 630 1 237E+00 323 20 81
0332 1194 2 125E+00 554 3574
0620 2232 3 345E+00 8§72 56 24
1035 3726 4 450E+00 11 60 74 83
227 8154 5 655E+00 1474 85 10
335 12060 5 877E+00 15 32 98 83
538 19362 5 941E+00 15 49 99 90
827 20784 5 945E+00 15 50 99 98
968 34860 5 945E+00 15 50 99 98
109 39300 5 945E+00 15 50 99 98
132 47640 5 945E+00 15 50 99 98
16 6 59580 5 945E+00 15 50 99 98
Time to fill from 0%
67 6| 243444 5 945E+00 15 50 99 98 |to 80% at 4gpm
Steady state with
27777 8] 100000000 5 948E+00 15 50 99 98 [continuous addition
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Table 88-17 (Cont'd) S$X-105 Ammonta Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liguid Waste Characteristics (Source Tank} Tank Characternstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 743| [Percent Fill of Receiving Tank % 80
Na*' pg/ml 235679 |Volume of Vapor Space L 153569
A" pg/mi 44040| |Length of Waste Fall ft 31
Fe*® ue/iml 30| [Inside Diameter of Recetving Tank ft 15
cr*? pg/mi 338| |Flow Rate of Waste gpm 4
Ni*? ng/fmi 12| |Total Pressure in Vapor Space atm 1
K ng/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH"* pg/mi 409392| |Total Ventilation Flow Rate for Stack cfm 005
NO4 T pg/ml 164776 |Total Bubbler Fiow Rate cfh 3
NO, ! na/ml 142805! { Temperature of Air in Vapor Space °F 1218
CO3° pg/mi 14131| |Stream Diameter iInches 1
PO,’ ug/mi 3266| | Tortuosity Factor unitless 1
80,2 ug/ml 4194/ |Initial Concentration of NH; in the Vapor Phase [mole/m” 0
F1 pg/ml 104| |Surface Area of Still Waste m? 16 417
cil’ pg/mi 8998 {Fumigation Divisor at 100 meters unitless 1
Li*! pg/ml 0] {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H-0 % 42 87

Specific Gravity unitless 1468

Total Qrganic Carbon g/l 3228

Cs 137 pCi/mi 384

Temperature °F 120
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Table S8-17 (Contd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA [Date 36538 71323 Revision O|NH;

Dilution Ratio |01 ug/ml

lon MW ci {moles/L) hi hi ¢l 743

Na*! 2299} 10 261362 01143 1171729581 )From Weisenberger & Schumpe {1996) moles/L

A 26 98 163 02174 0 35486642 0 043627097

Fe* 55 85 0 00 01161| 6 24862E 05

crt® 52| 6491E 02 00848 0000420627 |Gas h (T) h{G0)

Ni*2 5871] 2 041E 04 01654| 3 37609E 05

K 3909] & 63BE 02 00922 0007961423 |Ammonia 0 -0 0481

OH' 17 0074 241 00839] 0 201958095{Hydrogen -0 299 00218

NO; | 62 0049 266 00128| 0 034015512|Msthane 0524 00022

NO, ' 46 0055 310 00795 0246775523

CO; 2 80 0092 024 01423 0033508286

PO, 94 9676 003 02119 0007286383

80,° 96 0576| 4 366E 02 01117 0004877295

F! 19| 5 466E 03 0092 0000502894

cl' 35453] 2 BISE O 00318 0 008070632

L 694 000 0 0754 0

Br' 79 916| O OOCE + 00 002869 0
Average

20 71872705 2 072068917

Mass fraction water in liq 043 Temperature

Ligurd density (kg/m3) 1468 000 deg F

T{C) 49 120
Temperatire
deg C
48 88888889

PNL 10785
Schumpe Schumpe pure water K |mol/L{Iiq) atm INH3
gmoles/L (hg }h (G) Kwater/Ksalt  |(molfkgwtr at |Henrys K Part P atm

Ammonia 0 043627027 00481 11 89866249| 21 2653246( 1 124743287 | 0 038788493

Hydrogen 2 884E 02 2 968E+01 7 283E 04 1544E 05 0 000E+00

Methane 1 032E 02 7 216E+01 1044E 03| 9 105E 08| 0 O00E~+D0D
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Table $8-17 (Cont'd)} SX-106 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc 1n Vapor Space | %NHzmax 388 % Law Constant
Variable Variable Variable
Delta C PeltaC Delta C
Time hours| T sec [NH; molefm®!  %NH, % LFL NH,
00100 36 1 6839E 02 004 028
00183 66 2 991E 02 008 051
0 0333 120 5 393k 02 014 082
00617 222 9 820E 02 026 168
01033 372 1 608E 01 043 275
01750 630 2 618E 01 069 448
0332 1194 4 561E 01 121 7 80
0620 2232 7 350E 01 195 12 58
1035 3726 1 006E+00 267 17 22
227 8154 1 347E+00 357 2305
335 12080 1 427E+00 378 24 41
538 19362 1 457E+00 386 24 93
827 29784 1 460E+00 3 87 24 98
968 34860 1 460E+00 387 24 98
109 39300 1 460E+00 387 24 98
132 47840 1 460E+00 3 87 24 98
166 59580 1 460E+00 3 87 24 98
Time o fill from 0%
676 243444 1 460E+00 387 24 98 [to 80% at 4gpm
Steady state with
27777 8| 100000000 1 460E+00 387 24 98 continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet
244-S
Source Tank SX-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S
Liquid Waste Characteristics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH, pug/ml 1487| |Percent Fill of Receiving Tank % 80
Na*' ug/ml 235679! iVolume of Vapor Space L 15359
Al*® ug/ml 44040/ |Length of Waste Fall ft 31
Fe'* pg/mi 30| |Inside Diameter of Receiving Tank ft 15
Cr 3 pg/mi 338] |Flow Rate of Waste gpm 4
NI pg/mi 12| |Total Pressure in Vapor Space atm 1
K pg/m! 3375| |Ventilation Flow Rate for Receving Tank cfm 005
OH' ng/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/mi 164776 |Total Bubbler Flow Rate cfh 3
NO, ng/mi 142805 i Temperature of Air in Vapor Space °F 1218
COs° ng/ml 14131| [Stream Diameter inches 1
PO,* pg/ml 3266/ |Tortuosity Factor unitiess 1
80,° pg/mi 4194| |intial Concentration of NHs In the Vapor Phase |[mole/m” 0
F' pg/mi 104/ {Surface Area of Still Waste m? 16 417
cl! He/mi 8998| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' Hg/mi 0/ [Correction Factor for Schumpe Model unitless 1
%H,0 Y% 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/l 3228
Cs 137 wCi/ml 384
Temperature °F 120
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Table S8-17 {(Contd) SX 105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA (Date 36538 71355 Revision O[NHg
Dilution Ratio |0 1 ug/mi
lon MW ci (moles/L) hi hi ci 1487
Ma*’ 2299 10 2813862 01143] 1 171728581 |From Weisenberger & Schumpe (1996) moles/L
AR 26 98 163 02174 0 35486642 0 087312811
Fe ® 55 85 0 00 01161| 624862E 05
cr 52! 6 491E 03 00848 00004206827 (Gas h{h) h{(GO)
NI*? 5871] 2 041E 04 01654| 3 37609E 05
K 3909 8 6356E Q2 00922] 0007961423|Ammonia 0 0 0481
oH? 17 0074 2 41 00839( 0201958005 |Hydrogen 0298 0 0218
N031 62 0049 2 66 00128| 0034015512|Methane -0 524 00022
NO'_;1 46 0055 310 00795 0246775523
co,’ 60 0092 024 01423| 0033508288
PO, 94 9676 003 C2119| 0007286383
50,7 96 0576| 4 366E 02 01117 0004877295
F' 19| & 466E 03 0092] 0000502894
cl’ 35 453 2 B3&E 01 00318] 00080706832
L 694 0 00 00754 0
Br' 79 916 0 OODE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in liq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T 49 120
Temperature
deg C
48 88888889
PNL 10785
Schumpe Schumpe pure water K [mol/L{li} atm [NH3
gmolesiL (g )|h (G) Kwater/Ksalt  |(mol/kgwir at |Henry s K Part P atm
Ammonia 0 087312911 00481| 1189866249 21 2653246(1 12474328710 077629191
Hydrogen 2 894E 02 2 968E+01 7 283E 04 1 544E 05{ 0 QQ0E+00
Methane 1 032E 02 7 218E+01 1 044E 03 9 105E 06! O OOCE+00
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Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Conc In Vapor Space % NHamax 776 % Law Constant
Variable Variable Varniable
Delta C Delta C Delta C
Time hours] T sec [NH; mole/m®]  %NH, % LFL NH,
00100 36 3 281E 02 0 09 0 56
00183 66 5 986E 02 016 102
00333 120 1 079E 01 029 185
0 0817 222 1 965E 01 052 336
01033 372 3 218E 01 085 551
01750 630 5 239E 01 139 8 96
0332 1194 9127E M1 242 15 62
0620 2232 1 471E+00 390 2517
1035 3726 2 014E+00 534 34 46
227 8154 2 B9BE+00 715 46 13
335 12060 2 886E+00 7 57 48 86
538 19362 2 916E+00 773 49 B9
827 29784 2 922E+00 775 50 00
968 34860 2 922E+00 775 50 00
109 39300 2 922E+00 775 50 00
132 47640 2 922E+00 775 50 00
16 6 59580 2 922E+00 775 50 00
Time to fill from 0%
67 6| 243444 2 922E+00 775 50 00ito 80% at 4gpm
Steady state with
27777 8| 100000000 2 922E+00 775 50 00 |continuous addition
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 8

Liquid Waste Charactenistics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 2974| |Percent Fill of Receiving Tank % 80
Na*' pg/mi 235679| |Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe™ ug/ml 30| {inside Diameter of Receving Tank ft 15
cr pgfmi 338] {Flow Rate of Waste gpm 4
Ni*2 pg/mi 12} [Total Pressure in Vapor Space atm 1
K ug/mi 3375| |Ventilation Flow Rate for Recewving Tank ¢fm 005
OH ' ug/mi 40939 [Total Ventilation Flow Rate for Stack cfm 005
NO, pg/mi 164776 | Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 142805] |Temperature of Air in Vapor Space °F 1218
CO,° pg/ml 14131| |Stream Diameter inches 1
PC,* pgfmi 3266 | |Tortuosity Factor unitiess 1
80,7 ng/mi 4194 [Imtial Concentration of NH, in the Vapor Phase [mole/m® 0
F' ug/ml 104} [Surface Area of Stilf Waste m* 16 417
cl' pg/ml 8988| |Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| [Non Fumigation Divisor at 100 meters unitiess 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 pCriml 384

Temperature °F 120
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Table $8-17 (Cont'd}) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |8X 105 INPUT DATA |Date 36538 71378 Revision ONH;y

Diluton Ratio {101 ug/mi

lon MW c1 (moles/L} hi hi el 2974

Na" 2299] 10 261362 01143 1171729581 |From Waeisenberger & Schumpe (1896) molesil.

Al 26 88 163 02174 0 35486642 0 174625823

Fe™ 55 85 0 00 01161] 6 24862E 05

crt 521 6 491E 03 006848] 0000420627 |Gas h {T) h(G0)

Ni* 5871] 2 041E 04 01654} 3 37609E 05

K 3909| 8 63B6E 02 00922! 0007961423|Ammonia 0 00481

OH' 17 0074 241 00839F 0 201958095|Hydrogen 0299 00218

NOy f 62 0049 2 66 00128] 0 034015512|Methane 0524 00022

NO, f 46 0055 3210 00795 0246775523

CO, 2 60 0092 024 01423] 0033508286

PG, 8 94 9676 003 02119 0007286383

80,° 96 0576| 4 366E 02 01117 0004877295

F' 19| 5 466E 03 0092 0000502894

cl! 35453] 2 B38BE O1 00318| 0008070632

L 694 0 00 0 0754 0

Br' 79 916| O OOOE +00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water in Iig 043 Temperature

Liquid density (kg/m3) 1468 000 deg F

T(C) 49 120
Temperature
deg C
48 88888889

PNL 10785
Schumpe Schumpe pure water K |mol/L(liq) atm |NH3
gmoles/L (g }|h (G) Kwater/Ksalt  |[(molikgwtr at [Henry s K Part P atm

Ammonia 0 174625823 00481 11 89866249] 21 2653246 1 124743287 | 0 155268382

Hydrogen 2 884E 02 2 968E+01 7 283E 04 1 544E 05| 0 0QOE+00

Methane 1 032E 02 7 216E+01 1 044E 03 9105 06| 0O 0Q0E+00
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Table S$8-17 (Cont'd) SX-105 Ammoma Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Conc in Vapor Space %NHamax 15 53 % Law Constant
Varnable Variable Vanable
Delta C Delta C Delta C
Time hours{ 7T sec NH; mole/m® %NH; % LFL NHj
0 0100 36 6 561E 02 017 112
00183 66 1 197E 01 032 205
00333 120 2 159E 01 057 369
00817 222 3 931E 01 104 673
01033 372 6 436E 01 171 1101
Q1750 630 1 048E+00 278 17 93
0332 1194 1 825E+00 484 3123
0 620 2232 2 942E+00 7 80 50 34
1035 3726 4 028E+00 10 68 68 92
227 8154 5 391E+00 14 30 92 25
335 12060 5 711E+00 1515 9773
5 38 19362 5 831E+00 15 46 99 77
827 29784 5 844E+00 15 50 99 99
968 348860 5 844E+00 15 50 100 00
10 9 39300 5 844E+00 15 50 100 00
132 47840 5 844E+00 15 50 100 00
16 6 59580 5 845E+00 15 50 100 00
Time to fill from 0%
67 6] 243444 5 845E+00 15 50 100 00 {to 80% at 4gpm
Steady state with
27777 8| 100000000 5 845E+00 15 50 100 00|continuous addition
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receaving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Recenving Tank)
Parameter Units Value Parameter Units Value
NH; pg/ml 594/ |Percent Fill of Receiving Tank % 80
Na*' pg/mi 235679 |Volume of Vapor Space L 15359
Al ug/mi 44040| |Length of Waste Fall ft 31
Fe*? pg/mi 30| [Inside Diameter of Receiving Tank ft 15
crt pgiml 338| |Fiow Rate of Waste gpm 4
Ni*? pg/mi 12! | Total Pressure In Vapor Space atm 1
K1 pg/mi 3375} [Ventitation Flow Rate for Receving Tank cfm 005
OH' pg/ml 40939| | Total Ventilation Flow Rate for Stack ¢fm 005
NOs ' ug/mi 164776 | Total Bubbler Flow Rate cfh 3
NO, ' ng/mi 142805 | |Temperature of Arr in Vapor Space °F 1318
CO;° pg/ml 14131/ |Stream Diameter inches 1
PO,° ug/mi 3266| |Tortuosity Factor unitless 1
80,2 ug/mi 4194/ |Inital Concentration of NH; In the Vapor Phase |mole/m® 0
F' pg/mi 104| |Surface Area of Still Waste m? 16 417
cl' pg/mi 8998 | jFumigation Divisor at 100 meters unitless 1
Lt pg/mi 0} iNon Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0 {Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87
Spectfic Gravity unitless 1468
Total Organic Carbon |g/| 3228
Cs 137 uCi/ml 384
Temperature °F 130
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA [Date 36538 71417 Revision O|NH;
Dilution Ratio |0 1 ug/mi
lon MW ¢l {moles/L) hi hi ci 594
Na"' 2299| 10 261362 0 1143{ 1 171729581 |From Warsenberger & Schumpe (1996)  molesi/L
Al 26 98 163 02174 0 35486642 0 034878191
Fo™ 55 85 0 00 01161| 6 24862E 05
crt? 52| 6491E 03 00648 0 000420627|Gas h(T) h(G Q)
N2 58711 2 041E 04 01654 3 37609E 05
K1 3909 8 636E 02 00922; 0007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00839 02019258095 |Hydrogen 0209 00218
NO, f 62 0049 2 66 00128| 0 034015512{Methane 0524 00022
NO, T 48 0055 210 00795| 0246775523
CO,° 60 0092 0 24 01423 0033508286
PO 94 9676 003 02119 0007286383
80, 2 96 0576| 4 366E 02 01117 0004877295
F' 19| B 466E 03 0092| 0000502824
ci 35453| 2 B38E 01 00318| 0008070632
L 6 94 000 0 0754 0
Br' 79 916{ 0 OQOE + 00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in iq 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T{C) B4 130
Temperature
deg C
54 44444444
PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm |[NH3
gmotesiL (Iiq )ih (G) Kwater/Ksalt (mollkgwtr at |Henry s K Part P atm
Ammonia 0034878191 0 0481 11 89866249 17 00210138 0 899257347 | 0 03878555
Hydrogen 3 060E 02 2 742E+1 7 267E 04 1 668E 05| 0 000E+00
Methane 1 323E 02 6 280E+(1 Q973E 04 9 994E 06| 0 Q0CE+00
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Cone in Vapor Space %NHamax 388 % Law Constant
Variable Vanable Variable
Delta C Delfa C Deita C
Time hours T sec NH; mole/m® %NH, % LFL NH;
00100 36 1 375E 02 004 024
0 0183 66 2 511E 02 007 044
0 0333 120 4 533E 02 012 079
0 0817 222 8 274E 02 022 144
01033 372 1 359E 01 037 237
01750 630 2 226E 01 0 60 387
0 332 1194 3 823E 01 106 6 83
0620 2232 6 451E 01 174 11 23
1035 3726 9 053E 01 244 15 76
227 8154 1 273E+00 343 2216
335 12060 1 378E+00 372 23 98
538 19362 1 427E+00 385 24 83
827 29784 1 434E+00 387 24 97
9 68 34860 1 435E+00 387 24 97
109 39300 1 435E+00 387 24 97
132 47640 1 435E+00 387 24 97
16 6 50580 1 435E+00 387 24 98
Time to fill from 0%
67 6| 243444 1 435E+Q0 387 24 98 [to 80% at 4gpm
Steady state with
27777 8| 100000000 1 435E+00 387 24 98 .continuous addition
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Table $8-17 (Cont'd) S$X-1056 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5

Source Tank SX 1056
Diution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Characternstics (Source Tank) Tank Characteristics (Receving Tank)
Parameter Units Value Parameter Units Value
NH; pg/ml 1189| |Percent Fill of Receving Tank % 80
Na*T pg/mi 236679| |Volume of Vapor Space L 16369
Al pgimi 44040| |Length of Waste Fall ft 31
Fe? pg/mi 30| |Inside Diameter of Receiving Tank ft 15
cr*? pg/mt 338} [Flow Rate of Waste gpm 4
Ni*? ug/mil 12| | Total Pressure in Vapor Space atm 1
K* pug/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' png/mi 40939 | |Total Ventilation Flow Rate for Stack cfm 005
NO; pg/ml 164776| |Total Bubbler Flow Rate cfh 3
NO, pg/ml 142805| |Temperature of Air in Vapor Space °F 1318
CO;° pg/ml 14131| |Stream Diameter inches 1
PO,° ug/mi 3266| | Tortuosity Factor unitiess 1
80, ug/mi 4194/ |Initial Concentration of NH, in the Vapor Phase [mole/m® 0
F' ug/ml 104| [Surface Area of Still Waste m? 16 417
cl’ ug/mi 8988| |Fumigation Divisor at 100 meters unitless 1
L+ ugfml G| [Non Fumigation Divisor at 100 meters unitiess 1
Br' ug/mil 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/l 3228
Cs 137 uCiml 384
Temperature °F 130
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Table S8 17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |[SX 105 INPUT DATA Date 36538 71446 Rewvision O|NH;
Dilution Ratio (01 ug/mi
ion Mw ot {moles/L) hi hi ci 1189
Na*! 2298 10 261362 01143] 1 171729581 |From Weisenberger & Schumpe (1296) moles/L
AP 26 98 163 02174 0 35486642 0 069815099
Fe* 55 85 000 01161| 6 24862E 05
cr’ 52{ 6 491E 03 00648 0000420627[Gas h (T) h(G0)
N2 58711 2 041E 04 01654| 3 37609E 05
K 3909 8 B63bE 02 00922| 0007961423|Ammonia t] 0 0481
OH' 17 0074 241 00839 0 201958095|Hydrogen 0 299 00218
NO, 62 0048 268 00128] 0034015512 |Methane 0524 00022
NO, T 46 0055 310 00795 0246775523
CO;° 60 0092 024 01423 0033508286
PO, 94 9676 003 02119 0007286383
30, 2 96 0576 4 366E 02 014117 0004877295
F' 19| & 466E 03 0092 0000502894
cl’ 35453 2 B38E 01 00318] 0 008070632
L 6 94 0 00 00754 0
Br' 79 916| O OOOE + 00 0 0269 0
Average
2071872705 2072068917
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3}) 1468 000 deg F
T{C) £4 130
Temperature
deg C
54 44444444
PNL 10785
Schumpe Schumpe pure water K [mol/L(hq) atm [NH3
gmoles/L {Iig )| h (G) Kwater/Ksalt  |(mol/kgwir at |Henrys K Part P atm
Ammonia 0 069815099 004815 11 89866249| 17 00210138] 0 899257347 [ 0 077636395
Hydrogen 3 060E 02 2 742E+01 7 267E-04] 1 668E 05] 0 Q00E+Q0
Methane 1 323E 02 6 280E+01 9 973E-04f 9994E 06| 0 O00E+O0
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equl NH3 Conc In Vapor Space %NHamax) 776 % Law Constant
Variable Vanable Variable
Delta C Delta C Deita C
Time hours| T sec  |NHs mole/m®|  %NH, % LFL NH,
0 0100 36 2 753E Q2 0Q7 048
00183 66 5 027E 02 014 0 87
00333 120 9 074E 02 024 158
00817 222 1 B56E 01 045 288
0 1033 372 2721E 0 073 474
0 1750 630 4 455E 01 120 775
0332 1194 7 853E 01 212 13 67
0620 2232 1 291E+00 348 22 48
1035 3726 1 812E+00 4 89 3154
227 8154 2 548E+00 6 87 44 35
335 12060 2 758E+00 7 44 48 01
538 19362 2 856E+00 771 49 71
827 29784 2 871E+00 775 49 97
068 34860 2 872E+00 775 49 99
109 39300 2 872E+00 775 49 99
132 47640 2 872E+Q0 775 49 99
166 59580 2 872E+00 775 49 99
Time to fill from 0%
676 243444 2 B72E+00 775 49 99 |to 80% at 4gpm
Steady state with
27777 8| 100000000 2 872E+00 775 49 99 |continuous addition
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Table $8-17 (Cont'd) SX-105 Ammonta Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liquid Waste Charactenistics (Source Tank) Tank Characteristics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/ml 2378| |Percent Fill of Receiving Tank % 80
Na ’ pg/mi 235679 |Volume of Vapor Space L 15359
AT pg/mi 44040| [Length of Waste Fall ft 31
Fe* pg/mil 30! |Inside Diameter of Receiving Tank ft 15
cr*? pg/mi 338] {Flow Rate of Waste apm 4
Ni 2 pg/mi 12| |Total Pressure in Vapor Space atm 1
K pgimi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pgiml 40939| [Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/ml 164776 | [Total Bubbler Flow Rate cfh 3
NO, ng/mi 142805| |Temperature of Air 1n Vapor Space °F 1318
CO;° ng/ml 14131| |Stream Diameter Inches 1
PO,"° ng/mi 3266| | Tortuosity Factor unitiess 1
S0,° ng/ml 4194/ |Inttial Concentration of NH; in the Vapor Phase |mole/m® 0
F pg/mi 1041 ;Surface Area of Still Waste m? 16 417
ci' pg/ml 8998| |Fumigahon Divisor at 100 meters unitless 1
Ly pg/ml 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/fml 0| [Correction Factor for Schumpe Model unitiess 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 puCiimi 384

Temperature °F 130
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Table $8-17 (Contd} SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |SX 105 INPUT DATA [Date 36538 71459 Rewvision 0O|NH;
Dilutton Ratio [0 1 ug/mi
lon Mw cl {moles/L} h hi*ci 2378
Na*! 2299 10 251362 0 1143| 1 1717209581|From Weisenberger & Schumpe (19986) moles/L
Al 26 98 163 02174 0 35486642 0 139830197
Fe® 55 85 0 00 G 1161 624862E 05
crt? 52| 8 491E03 00648] 0000420627 |Gas h (T) h{G 0)
NI SB71| 2 041E 04 01654 3 37609E 05
K 39 09| 8 63BE 02 00922 0 007961423|Ammonia 0 0 0481
OH' 17 0074 241 00838 0201958095 |Hydrogen -0 209 -0 0218
NO3 i 62 0049 266 00128 0034015512|Methane 0524 00022
NO, T 46 0055 310 00795] 0246775523
cOo,* 60 0092 024 01423 0033508286
PO 94 9678 003 02119 0007286383
50,° 96 0578| 4 366E 02 01117 0004877295
F' 19| 5 466E 03 0092 0000502894
ct! 35453| 2 B3SE 01 00318| 0008070632
L 6 94 0 00 0 0754 0
Br' 79 916| O OOOE +00 00289 0
Average
20 71872705 2072068917
Mass fraction water in g 043 Temperature
Liguid density (kg/m3) 1468 COQ deg F
T(C) B4 130
Temperature
deg C
54 44444444
PNL 10785
Schumpe Schumpe pure water K _[mol/L{lky} atm [NH3
gmoles/L (la }h (G) Kwater/Ksalt _ [(mal/kgwir at |Henry s K Part P atm
Ammonia 0 139630197 00481| 11 898662491 17 00210138 0 889257347 | 0 15527279
Hydrogen 3 060E 02 2 T42E+01 7 267E 04 1 668E-05] 0 O00E+CO
Methane 1 323k 02 6 280E+01 9 973E 04 9 994E 08] 0 O0OE+0Q
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Table $8-17 {Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc tn Vapor Space YeNHamax 15 53 % Law Constant
Varniable Variable Variable
Delta C Delta C Delta C
Time hours| T sec  [NH; mole/m®|  %NH, % LFL NH,
0 0100 36 5 506E 02 015 096
00183 66 1 005E 01 027 175
0 0333 120 1 815E 01 0 49 316
00617 222 3312EMM 089 576
0 1033 372 5 441E 01 147 9 47
01750 630 8 910E 01 240 15 51
0332 1194 1 571E+00 424 27 34
0620 2232 2 583E+00 6 97 44 95
1035 3726 3 624E+00 978 6308
227 8154 5 09B6E+00 1375 8870
335 12060 5 516E+00 14 88 96 01
538 19362 5 712E+00 15 41 99 42
827 29784 5 743E+00 15 49 99 95
968 34860 5 744E+00 15 50 99 98
109 39300 5 744E+00 15 50 99 98
132 47640 5 745E+00 15 50 99 98
166 59580 5 745E+00 15 50 99 98
Tirne to fill from 0%
B7 61 243444 5 745E+00 15 50 99 98 |to 80% at 4gpm
Steady state with
27777 8| 100000000 5 745E+00 15 50 99 98 |continuous addition
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Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX-106
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/ml 478| |Percent Fill of Recening Tank % 80
Na"' pg/ml 235679 | |Volume of Vapor Space L 15359
Al pg/ml 44040] {Length of Waste Fall ft 31
Fe*? pgimi 301 linside Drameter of Receiving Tank ft 15
cr'? pg/mi 338[ |Flow Rate of Waste apm 4
Ni*2 pg/mi 12| | Total Pressure in Vapor Space atm 1
K png/mi 3375| |Ventilation Flow Rate for Receiving Tank ¢fm 005
OH' ng/ml 40939/ [Total Ventilation Flow Rate for Stack cfm 005
NO,* ng/ml 164776/ |Total Bubbler Flow Rate cfh 3
NO, ' png/mi 142805/ |Temperature of Air in Vapor Space °F 1418
CO, % po/ml 14131| |Stream Diameter inches 1
PO, °? pg/ml 3268| |Tortuosity Factor unitless 1
$0,° pg/ml 4194/ |Intial Concentration of NH; in the Vapor Phase [mole/m” 0
F' ug/mi 104| |Surface Area of Still Waste m’ 16 417
cl' pa/mi 8998| |Furmigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |Non Fumigation Divisor at 100 meters uhitless 1
Br' pg/mil 0| |Correction Factor for Schumpe Model unitless 1
%H.0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 pCi/m| 384

Temperature °F 140
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Case 8 (Story 1)
Table $8-17 (Contd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |SX 105 INPUT DATA Date 36538 71491 Revision OfNH;
Dilution Ratio [0 1 ug/ml
lon MW ci {moles/L) ht hi ci 478
Na*' 2299| 10 261362 01143| 1 171729581 |From Weisenberger & Schumpe (1996) moles/L
Al 26 98 163 02174 0 35486642 0 028056961
Fe * 55 85 0 00 01161| 6 24862E 05
cr* 52| 6 491E 03 0 0648] 0000420627 |Gas h{T) h {G 0}
Ni*2 5871 2 Q41E 04 01654| 3 3760%E 05
KM 3909] 8 B63BE 02 00922 0007961423} Ammonia 5] 0 0481
OH' 17 0074 2 41 00839) 0 201958095|Hydrogen -0 289 00218
NO3 T 62 0049 2 66 00128| 0034015512|Methane 0524 00022
NO, ' 46 0055 310 00795 0246775523
CO, 2 60 0092 024 01423| 0033508286
PO, 94 9676 002 02119 0007286383
50, 2 96 0576] 4 366E Q2 01117 0004877295
F' 19/ 5 466E 03 0092| 0000502894
cr! 35453| 2 B38E 01 00318| 0008070832
Lt 694 000 00754 0
Br' 79916| 0 OO0E + 00 00269 0
Average
20 71872705 2 072088917
Mass fraction water in g 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 80 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm [NH3
gmales/L (g )ih (G) Kwater/Ksalt  |(moltkgwir at [Henrys K Part P atm
Ammonia 0 028066961 00481{ 11 89866249 13 68741| 0 723940161 | 0 038769726
Hydrogen 3227E 02 2 533E+01 7285E 04 1810E 05 0O00DE+QQ
Methane 1 614E 02 5 4886E+01 9 609E 04 1106E 05| 0 000E+00
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Table $8-17 (Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equif NH3 Conc In Vapor Space %NHamax) 388 % Law Constant
Varnable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH,
0 0100 36 1163 02 003 021
00183 66 2 125E 02 0 06 0 38
0 0333 120 3 84CE 02 011 068
00817 222 7 021E 02 019 124
01033 372 1 157E 01 032 205
0 1750 830 1 803E 01 052 337
0332 1194 3 387E 01 093 599
0620 2232 5 663E 01 155 10 02
1035 3726 8117E M 223 14 37
227 8154 1 194E+00 328 2113
335 12060 1 322E+00 363 23 40
538 19362 1 394E+00 382 24 67
827 29784 1 409E+00 3 86 24 93
968 34860 1 410E+00 387 24 95
10 & 36300 1 410E+00 387 24 95
13 2 47640 1 410E+00 387 24 96
16 6 59580 1 410E+00 387 24 96
Time to fill from 0%
67 8| 243444 1 410E+00 387 24 96 |to 80% at dgpm
Steady state with
27777 8| 100000000 1 410E+00 387 24 96 |continuous addition

5-8-96
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Table $8-17 (Cont'd) SX-105 Ammonta Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105 ~
Dijution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value

NH; pg/ml 957| |Percent Filf of Receiving Tank % 80
Na ' pg/mi 235679| |Volume of Vapor Space L 15359
Al® pug/mi 44040| Length of Waste Fall ft 31
Fe' pa/mi 30| linside Diameter of Receiving Tank ft 15
cr* pug/ml 338] IFlow Rate of Waste gpm 4
NI*2 ugimi 12} {Total Pressure in Vapor Space atm 1
K pa/mi 3375| |Ventilation Flow Rate for Receving Tank cfm 005
OH' ug/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/mi 164776 |Total Bubbler Flow Rate cfh 3
NO, ' ng/ml 142805 | Temperature of Air in Vapor Space °F 1418
COs* pg/ml 14131| |Stream Diameter inches 1
PO,* pg/ml 3266/ | Tortuosity Factor unttless 1
80,° ng/ml 4194| [Inttial Concentration of NH; In the Vapor Phase [mole/m” 0
F' pg/ml 104 | |Surface Area of Still Waste m? 16 417
cl! pg/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L ug/mi 0] {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitiess 1468

Total Organic Carbon |g/ 3228

Cs 137 uCiirni 384

Temperature °F 140
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DCRT 244-S
Case 8 (Story 1)
Table $8-17 (Contd) S$X-105 Ammonia Calculations for Shumpe Worst Case {99 pages)
Source Tank [SX 105 INPUT DATA [Date 36538 7152 Rewvision O|NH3
Dilution Ratio |01 ug/mil
lon MW ¢l {moles/L) ht hi ¢l 957
Na"' 2299 10 261362 01143| 1 171729581 [From Weisenberger & Schumpe (1996) moles/L
Al 26 98 1863 02174 0 35486642 0 05619264
Fe™ 55 85 000 01161| 6 24862E 05
cr 52| 6 491E 03 0 0648] 0 000420627 |Gas h(T) h (G 0)
Nt 5871 2 041E04 0 1654; 3 37609E 05
K" 3909| 8 636E 02 Q0 0922] 0 007961423{Ammonia 0 -0 0481
OH' 17 0074 241 00839] 0 201958085{Hydrogen 0 208 -0 0218
NO, ' 62 0048 266 00128 0034015512{Methane -0 524 00022
NO, ' 46 0055 310 00795 0246775523
C0,° 60 0092 024 01423] 0033508286
PO, 94 9676 003 02119 0007286383
80,° 96 0576| 4 366E Q2 01117 0004877285
F! 19| b 466E 03 0092| 0000502894
cl’ 35453| 2 B3BE O1 0 0318| 0008070632
U 6 94 0 00 00754 0
Br' 79 916| 0 000E + 00 0 0269 0
Average
2071872705 2 072068917
Mass fraction water in g 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 60 140
Temperature
deg C
80
PNL 10785
Schumpe Schumpe pure water K ]mol/L{iiq) atm |NH3
gmoles/L (g )(h (G) Kwater/Ksalt  |[(mol/kgwtr at |Henry s K Part P atm
Ammonia 0 05619264 00481] 11 89866249 13 88741{ 0 723040161} 0 07762056
Hydrogen 3 227E 02 2 533E+01 7 285E 04 1 810E-05f Q QDOE+00
Methane 1614E 02 5 466E+01 9 60SE 04 1 106E 05| O ODOE+C0
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equi NH3 Conc n Vapor Space YoNHaimax 776 % Law Constant
Variable Variable Vanable
PDelta C Delta C Delta C
Time hours| T sec NH, mole/m® %NH; % LFL NH,
00100 36 2 328€ 02 0 06 041
00183 66 4 254E 02 012 075
00333 120 7 688E 02 021 136
00817 222 1 406E 01 039 249
0 1033 372 2 316E 01 064 410
0 1750 630 3 809E 01 105 674
0 332 1194 6 781E 01 186 12 00
0620 2232 1 134E+00 31 20 07
1035 3726 1 625E+00 4 46 2876
227 8154 2 391E+Q0 6 56 42 31
335 12080 2 647E+00 7 26 46 85
538 19362 2 790E+00 765 49 39
827 29784 2 820E+00 774 49 91
9 68 34860 2 822E+00 774 49 95
109 39300 2 823E+00 774 49 96
132 47640 2 823E+00 774 49 97
166 59580 2 823E+00 774 49 97
Time to fill from 0%
67 6| 243444 2 823E+00 774 49 97 |to 80% at 4gpm
Steady state with
27777 8] 100000000 2 823E+Q0 774 49 97 {continuous addition

5-8-99
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 1915| |Percent Fill of Receiving Tank % 80
Na*' pg/mi 235679| |Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall fit 31
Fe* pg/mi 30| |Inside Diameter of Receiving Tank ft 15
cr*? ug/mi 338] |Flow Rate of Waste apm 4
NI+ prg/mi 12| {Total Pressure in Vapor Space atm 4
K pg/m! 3375| |Ventilation Flow Rate for Recelving Tank cfm 005
OoH* ug/ml 40938 | | Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/mi 164776 | |Total Bubbler Flow Rate cth 3
NO, ' pg/mi 142805 | |Temperature of Arr in Vapor Space °F 1418
CO;° pg/ml 14131 |Stream Diameter inches 1
PO,* pg/mi 3266 jTortuosity Factor unitless 1
80,° ng/mil 41941 |Initial Concentration of NH3 in the Vapor Phase |mole/m® 0
F ug/ml 104] ISurface Area of Stili Waste m? 16 417
ci’ pg/mi 8998{ {Furmgation Divisor at 100 meters unifless 1
L ug/ml 0] iNon Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0] |Correction Factor for Schumpe Model unitless 1
%H;0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/i 3228

Cs 137 uCvmi 384

Temperature °F 140
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Table $8-17 (Contd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank {SX 105 INPUT DATA |Date 36538 71817 Revision Q1NH,
Diution Rato {0 1 ug/ml
lon MW ¢l (moles/L) hi hi o 1915
Na*' 2299] 10 261362 01143| 1 171729581 |From Weisenberger & Schumpe (1996) moles/L
Al 2698 163 02174 0 35496642 0 112443908
Fe* 55 85 0 00 01161] 6 24862E 05
cr*® 52| 6 491E 03 00648; 0000420627 |Gas h (T} h{GO)
N2 5871F 2 041E 04 01654 3 37609E 05
K 3909} 8 63BE 02 00922 0007961423 Ammonia 0 0 0481
OH' 17 0074 241 00839| 0 201958095|Hydrogen -0 299 00218
NO, 1 62 0049 2 66 00128| 0 034015512{Methane -0 524 0 0022
NO, ' 46 0055 310 00795 0246775523
CO;° 60 0092 024 01423 0033508286
PO,? 94 9676 003 02119| 0007286383
80,2 96 0576| 4 366E 02 01117 0004877285
F! 19| B 466E 03 0092 0000502894
cl’ 35453 2 B3BE O 00318| 0008070832
L*t 6 94 0 00 00754 0
Br' 79 916| 0 000E +00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in Iig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K |mol/L{hg} atm [NH3
gmolesiL {lig }|h {G) Kwater/Ksalt {mol/kgwtr at |Henry s K Part P atm
Ammonia 0 1124430908 00481| 11 89866249 13 88741| 0 723940161 | 0 156322227
Hydrogen 3227E 02 2 533E+01 7 285E 04 1 810E 05| 0 C00E+Q0
Msthane 1 614E 02 5 466E+01 9 802E 04 1106E 05| O OO0E+00

S-8-101
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Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc In Vapor Space YoNHsmax) 15 53 % Law Ceonstant
Variable Variable Variable
Delta C Delta C Deita C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NH;
0 0100 36 4 660E 02 013 082
00183 66 8 513E 02 023 151
0 0333 120 1 538E 01 042 272
0 0617 222 2 813E 01 077 4 98
01033 372 4 634E 01 127 820
01750 630 7 623E 01 209 13 49
0332 1194 1 357E+00 372 24 02
0620 2232 2 268E+00 622 40 16
1035 3726 3 252E+00 892 57 56
227 8154 4 784E+00 1312 84 67
335 12060 5 297E+00 14 53 93 75
538 19362 5 583E+00 15 32 98 82
827 29784 5 643E+00 15 48 99 88
9 68 34860 5 647E+00 15 49 99 95
109 39300 5 648E+00 15 50 99 97
132 47640 5 649E+00 15 50 99 98
16 6 59580 5 B649E+00 15 50 99 98
Time to fill from 0%
67 61 243444 5 649E+00 15 50 99 98 to 80% at 4gpm
Steady state with
27777 8 100000000 5 649E+00 15 50 99 98 |continuous addition

S-8-102
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank 8X-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Liquid Waste Charactenstics (Source Tank) Tank Characterstics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 388| |Percent Fill of Receving Tank % 80
Na*' pg/ml 235679 |Volume of Vapor Space L 15359
Al pg/ml 44040/ |Length of Waste Fall fit 31
Fe ng/ml 30| [Inside Diameter of Receiving Tank ft 15
cr ug/mil 338| |Flow Rate of Waste gpm 4
Ni 2 pg/ml 12| {Total Pressure in Vapor Space atm 1
K ng/ml 33751 [Ventilation Flow Rate for Receiving Tank cfm 005
OH'* ug/mi 40938/ | Total Ventilation Flow Rate for Stack ¢fm 005
NO, ' ug/mi 164778| | Total Bubbler Flow Rate cfh 3
NO, ! pg/mi 142805 | | Temperature of Air in Vapor Space F 151 8
CO,° pg/mi 14131| [Stream Diameter mnches 1
PO, ® pg/ml 3266/ |Tortuosity Factor unitiess 1
80,° ng/mi 4194| |Intia! Concentration of NH, In the Vapor Phase [mole/m® 0
F' pg/mi 104| |Surface Area of Still Waste m? 16 417
Cl' pgimi §998| |Fumigation Divisor at 100 meters unitiess 1
L ug/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mil 0| |Correction Factor for Schumpe Mode! unitiess 1
%H,0 % 42 87

Specific Gravity unitiess 1 468

Total Crganic Carbon jg/l 3228

Cs 137 pCimi 384

Temperature °F 150

5-8-103
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DCRT 244-5
Case 8 (Story 1)
Table $8-17 (Cont'd) SX 105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |SX 105 INPUT DATA |Date 36538 71845 Revision O|NH;
Dilution Ratio {01 ug/mi
lon MW ¢l {molas/L) h hi*ct 388
Na*' 2299| 10 261362 01143 1171729581 |From Weisenberger & Schumpe {1396) moles/L
Al 26 98 163 02174 0 35486642 0 022782387
Fe®™ 55 85 0 00 01161| & 24862E 05
cr 52| 6 491E 03 00648] 0000420627 |Gas h (T} h{G0)
Ni* 5871] 2041E04 01654{ 3 37609E 05
K 3909] 863BEQ2 00922] 0007961423| Ammonia 0 0 0481
OH' 17 0074 241 008391 0 201958095|Hydrogen 0299 00218
NO; ! 62 0049 2 66 001281 0 034015512|Methane 0524 00022
NO, ' 46 0055 310 00795} 0246775523
CO, z 60 0082 024 01423| 0033508286
PO,* 94 9676 003 02119| 0007286383
50,2 96 0576] 4 366E 02 011417| 0004877205
F' 19 b 466E 03 0 092| 0 000502894
cr’ 35453| 2 B38E O1 00318 0008070632
Lt 694 0 00 0 0754 0
Br' 79 916| O OOOE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 66 150
Temperature
deg C
65 55555556
PNL 10785
Schumpe Schumpe pure water K {molfL{lig) atm [NH3
gmoles/L. {liq )|h (G} Kwater/Ksalt  |(mol/kgwir at {Henrys K Part P atm
Ammonia 0 022782387 004811 11 89866249| 11 091263071 0 586627475 | C 038836209
Hydrogen 3 393E-02 2 340E+01 7338E 04| 1874E 05| 0OO00E+00
Methane 1 905E 02 4 757E+01 9331E 04| 1 234E 05} 0 000E+00

5-8-104




DCRT
Case

RPP-4941 Rev 0 Appendix G

Author% Dateéz-?ééb Checked by % . &#Date l ’2,;[9,,

244 S
8 (Story 1}

Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Cone in Vapor Space Y%NH3max 388 % Law Constant
Variable Vartable Variable
Delta C Delta C Deita C
Time hours T sec NH; mole/m® %NH; % LFL NH;
00100 36 9 946E 03 003 018
00183 66 1 818E 02 005 033
0 0333 120 3 288E 02 009 059
00817 222 6 021E 02 017 108
0 1033 372 9 941E 02 028 179
01750 630 1641k 01 0 46 295
0 332 1194 2 946E 01 082 530
0620 2232 4 094E 01 139 8 99
1035 3726 7 288E 01 203 1311
227 8154 1 116E+00 311 20 08
335 12060 1 264E+00 352 2274
538 19362 1 360E+Q0 379 24 47
827 29784 1 385E+00 386 24 93
968 34860 1 388E+0Q0 3487 24 97
109 39300 1 388E+00 387 24 98
132 47640 1 389E+00 387 24 99
166 59580 1 389E+00 387 24 99
Time to fill from 0%
67 6| 243444 1 389E+00 387 24 99 |to 80% at 4gpm
Steady state with
27777 8| 100000000 1 389E+00 387 24 99 (continuous addition
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case {99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Charactenistics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/mi 776| |Percent Fill of Receiving Tank % 80
Na*' ug/ml 235679/ |Volume of Vapor Space L 15359
AP pg/ml 44040| |Length of Waste Fali ft 31
Fe* pg/ml 30| [Inside Diameter of Receving Tank ft 15
cr'® pg/ml 338| [Flow Rate of Waste gpm 4
Ni*? pg/ml 12| |Total Pressure in Vapor Space atm 1
K ug/mi 3375 [Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/ml 40939 [Total Ventilation Flow Rate for Stack ¢fm 005
NO; ' pg/mi 164776 | Total Bubbler Flow Rate ofh 3
NO,' ng/mi 142805| {Temperature of Air in Vapor Space °F 1618
€O, pg/ml 14131| Stream Diameter inches 1
PO, po/mi 3266 | | Tortuosity Factor unitless 1
80,° ng/mil 4194/ |Imtial Concentration of NHs in the Vapor Phase |mole/m” 0
Fi pg/mi 104 | |Surface Area of Still Waste m? 16 417
cl’ pa/mi 8998 |IFumigation Divisor at 100 meters unitless 1
L ng/ml 01 {Non Fumigation Divisor at 100 meters unitless 1
Br' pngfml 0| [Correction Factor for Schumpe Model unitless 1
%H50 % 42 87

Specific Gravity unitiess 1468

Total Organic Carbon |g/l 3228

Cs 137 pCimi 384

Temperature °F 150
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Case 8 (Story 1)
Table $8-17 (Contd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank [8X 105 INPUT DATA |Date 36538 71862 Revision O[NH;
Dilution Ratio |0 1 ug/ml
lon M W ¢l {moles/L) hi hi*ci 776
Na*! 2299| 10261362 01143} 1171729581 |From Waeisenberger & Schumpe (1596) moles/L
Al 26 98 163 02174 0 35486642 0 045564774
5 55 85 0 00 01161 6 24862E-05
cr* 52| 6491E 03 00648 0000420627|Gas h (T) h{G0)
N2 5871 2041E 04 0 1654| 3 37609E 05
K' 3909{ 8 636E 02 G 0922 0007961423|Ammonia 0 00481
OH' 17 0074 241 00839] 0 201958095|Hydrogen 0299 00218
NO, ' 62 0049 266 00128 0034015512|Methane 0524 0 0022
NO, T 46 0055 310 00795| 0246775523
CO, 2 60 0092 024 01423| 0033508286
PO,> 94 9676 003 02119) 0007286383
$0,° 96 0576| 4 368BE 02 01117 0004877205
F 19! b 466E 03 0092 0000502894
cr’ 35453| 2 B3SE 01 00318 0008070632
L 694 0 00 00754 0
Br' 79 918| 0 OOOE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (ka/m3) 1468 Q00 deg F
T(C) 86 150
Temperature
deg C
65 55555566
PNL 10785
Schumpse Schumpe pure water K jmol/L{lig) atm |[NH3
gmoles/L (g )|h (G) Kwater/Ksalt  {(mollkgwtr at |Henry s K Part P atm
Ammonia 0 045584774 00481 11 89866249} 11 09126307| 0 586627475 | 0 077872418
Hydrogen 3 393E 02 2 340E+01 7 338E 04| 1974E-05| 0O QDQE+QQ
Methane 1 905E 02 4 757E+01 9331E 04| 1 234E 05| 0 0Q0E+00
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Table $8-17 {(Cont'd) S$X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc In Vapor Space %N Hamax) 777 % Law Constant
Vanable Variable Varnable
Delta C Delta C DeltaC
Time hours| T sec  |NH; mole/m®|  %NH, % LFL NH,
0 0100 36 1 983k 02 006 036
00183 66 3 636E 02 010 0 65
0 0333 120 6 575E 02 018 118
0 0617 222 1 204E 01 034 217
0 1033 372 1 988E 01 055 3 58
01750 6830 3 283E 01 092 591
0332 1184 5 891E 01 164 10 60
0620 2232 9 988E 01 279 17 97
1035 3726 1 458E+00 407 26 23
227 8154 2 232E+00 623 40 17
335 12060 2 528E+Q0 705 45 48
538 19362 2 720E+00 7 58 48 94
827 29784 2 77T1E+00 773 49 85
968 34880 2 775E+00 774 49 94
109 39300 2 777E+00 774 49 96
132 47640 2 778E+00 775 49 938
1686 59580 2 778E+00 775 49 98
Time to fill from 0%
67 6| 243444 2 778E+00 775 49 98 |to 80% at 4gpm
Steady state with
27777 8| 100000000 2 778E+00 775 49 98 [continuous addition
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liguid Waste Characteristics {Source Tank) Tank Characteristics (Receving Tank)
Parameter Units Value Parameter Units Value
NH; ug/ml 15852 | |Percent Fill of Receiving Tank % 80
Na*' ug/ri 235679| |Volume of Vapor Space L 15359
Al pg/mi 44040| |Length of Waste Fall ft 31
Fe* ug/mi 301 {Inside Diameter of Recelving Tank ft 15
cr? pg/m| 338/ |Flow Rate of Waste gpm 4
NIt ug/mi 12| |Total Pressure in Vapor Space atm 1
K pg/ml 3375/ |Ventitation Flow Rate for Receiving Tank ofm 005
OH"* pg/mi 40938| |Total Ventilation Flow Rate for Stack cfm 005
NO, ! ng/ml 164776| |Total Bubbler Flow Rate cfh 3
NO, ' ng/mil 142805 |Temperature of Air In Vapor Space I°F 1518
COs° pgfml 14131] {Stream Diameter iInches 1
PO,” pug/mi 3266| |Tortuosity Factor unitless 1
S0, ? ug/mt 4194/ |Intial Concentration of NHg In the Vapor Phase [mole/m® 0
F! ug/mi 104 | |Surface Area of Stll Waste m? 16 417
cr pg/mi 8998| |Fumigation Divisor at 100 meters uniless 1
Lt ug/mil 0] [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0] |Correction Factor for Schumpe Model unitiess 1
%H.0 % 42 87
Specific Gravity unifless 1468
Total Organic Carbon |g/l 3228
Cs 137 nCrmi 384
Temperature °F 150
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Table $8-17 {(Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank (SX 1086 INPUT DATA jDate 36538 71878 Rewvision OINH;
Dilution Ratio [0 1 ug/mi
lon MW ¢l {moles/L} hi hi ai 1552
Na*! 2298| 10 251362 01143{ 1171729581 |From Waeisenberger & Schumpe (19986) moles/L
Al 26 98 163 02174 0 35486642 0 091129548
Fe* 55 85 0 00 01161} 6 24862E 05
cr'® 52| 6 491E 03 00648] 0000420627 |Gas h(T) h (G 0)
Ni 2 5871| 2 041E 04 01654 3 37609E 05
K 3909 8 63BE 02 00922 0007961423|Ammonia 0 -0 0481
OH' 17 0074 2 41 (0 0839| 0 201958085|Hydrogen 0 209 00218
NO, ! 62 0049 266 00128| 0 034015512|Methane 0524 00022
NO, ' 46 0055 210 00795| 0246775523
CO;° 60 0092 024 01423 0033508286
PO, 94 2676 003 02119 0007286383
50,7 960576 4 366E 02 01117| 0004877295
F' 19| b6 466E 03 0092 0000502894
cl’ 35453 2 B38E O1 00318 0 008070632
L’ 6 94 0 00 00754 0
Br' 79 916/ 0 OOOE + 00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3} 1468 000 deg F
T(C) 66 150
Temperature
deg C
65 55555556
PNL 10785
Schumpe Schumpe pure water K |mol/L{kq} atrn [NH3
gmolesiL {liq )|h (G) Kwater/Ksalt (mollkgwir at |Henry s K Part P atm
Ammonia 0 091128548 00481 11 89866249} 11 09126307| 0 586627475 | 0 155344835
Hydrogen 3 393E 02 2 340E+01 7 338E 04 1 974E 05| 0 O00E+00
Mathane 1 S05E 02 4 757E+01 9331E 04 1234E 05| 0 00DE+00Q
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc 1n Vapor Space Y% NHsimax 15 53 % Law Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours| T sec  |NH; mole/m®|  %NH, % LFL NH,
0 0100 36 3 978k 02 011 072
0 0183 66 7 272E 02 020 131
00333 120 1 315E 01 037 2 37
00617 222 2 408E 01 067 433
0 1033 372 3 976E 01 111 715
0 1750 630 6 566E 01 183 11 81
0332 1194 1 178E+00 329 2120
0620 2232 1 998E+00 557 3594
1035 3726 2 915E+00 8§13 52 45
227 8154 4 465E+00 12 45 80 34
335 12060 5 055E+00 14 10 90 96
538 19362 5 439E+00 1517 897 87
827 20784 5 541E+00 15 45 99 70
068 34860 5 550E+Q0 15 48 99 87
109 39300 5 553E+0Q0 15 49 99 93
13 2 47640 5 555E+00 15 49 99 96
16 6 59580 5 556E+00 15 49 29 96
Time to fill from 0%
67 6| 243444 5 556E+00 15 49 99 97 {to 80% at 4gpm
Steady state with
27777 8| 100000000 5 556E+00 15 49 99 97 |continuous addition
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5
Source Tank SX 105
Dilution Ratio g1 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liguid Waste Characterstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH, pg/mi 3161 {Percent Fill of Receiving Tank % 80
Na*' ug/ml 235679| |Volume of Vapor Space L 15359
Al* pg/ml 44040/ |Length of Waste Fall ft 31
Fe® ug/ml 30| |Inside Diameter of Receiving Tank ft 16
cr? pg/ml 338| |Flow Rate of Waste gpm 4
N2 pg/mi 12| [Total Pressure In Vapoer Space atm 1
K’ ug/mi 3375/ (Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/ml 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/mt 164776! | Total Bubbler Flow Rate cfh 3
NO,' nafm 142805/ {Temperature of Arr in Vapor Space °F 161 8
COs° pg/ml 14131| [Stream Diameter inches 1
PO,° pg/mi 3266/ |Tortuosity Factor unitiess 1
% ng/ml 4194| [Inttral Concentration of NH; In the Vapor Phase [mole/m® 0
F pg/mi 104 |Surface Area of Still Waste m* 16 417
ci! ug/m! 8998/ |Fumigation Divisor at 100 meters unitless 1
L po/mi 01 tNon Fumigation Divisor at 100 meters unitless 1
Br' ugimil 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 pCiml 384

Temperature °F 160
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Table S8-17 (Cont'd) S$X-105 Ammonia Caiculations for Shumpe Worst Case (99 pages)

Source Tank {SX 105 INPUT DATA |Date 36538 7197 Revision OiNHj3
Dilutson Ratio (0 1 ugfiml
lon MW c1 {moles/L} hi hi*er 318
Na*! 2299| 10 25613562 01143] 1 171729581 |From Weisenberger & Schumpe (1996) moles/L
A 26 98 1 63 Q 2174 ( 35486642 0 018554728
Fe™ 55 85 0 00 01161| 6 24862E-05
cr'® 52| 6491E 03 00648| 0000420627 |Gas h(T) h{G0)
Ni*2 5871 2 041E 04 01654| 3 37609E 05
K' 3909] 8 B3BE 02 00922 0007981423|Ammonia 0 00481
CH' 17 0074 241 008339| 0 201958095|Hydrogen 0 289 00218
NO, ' 82 0049 2 686 00128 0034015512[Methane 0524 00022
NO, ' 46 0055 310 00795 0246775523
€0, ° 80 0092 024 01423} 0033508286
PO, 3 94 9676 003 02119 0007286383
S0,° 96 0576 4 366E 02 01117| 0004877295
F' 19| 6 466E 03 0092| 0000502894
oK 35453 2 B38E 01 00318| 0008070832
L 694 0 00 00754 0
Br' 79 916| 0 OODE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T{C) 71 160
Temperature
deg C
7111111111
PNL 10785
Schumpe Schumpe pure water K [mol/L{lig) atm [NH3
gmoles/L (g ) h (G) Kwater/Ksalt  |(mallkgwir at JHenrys K Part P atm
Ammonia 0 018554728 00481] 11 89866249 9 043660443| 0 478327821 | 0 038790818
Hydrogen 3 559E 02 2 161E+01% 7 422E 04 2161E 05| 0 DOOE+00
Methane 2 196E 02 4 140E+01 9126E 04| 1 387E 05| 0 000E+00
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henrys

Equil NH3 Conc In Vapor Space %NH3max) 388 % LLaw Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours| T sec NH, mole/m® %NH; % LFL NH,
00100 36 8 560E 03 002 016
00183 66 1 565E 02 004 029
00333 120 2 832t 02 008 052
00817 222 5194E 02 015 095
0 1033 372 8 591E 02 024 157
01750 630 1 423E 01 040 2 60
0332 1194 2 570E 01 073 470
0 620 2232 4 408E 01 125 8 06
1035 3726 6 531E 01 185 1194
227 8154 1 036E+00 294 18 95
335 12080 1 199E+00 340 2192
538 19362 1 318E+00 374 24 11
827 29784 1 357E+00 385 24 82
968 34860 1 361E+00 386 2490
109 39300 1 363E+00 386 2493
132 47640 1 364E+00 387 24 95
166 59580 1 364E+00 387 24 95
Time to fill from 0%
67 6| 243444 1 364E+00 387 24 95](to 80% at 4gpm
Steady state with
27777 8| 100000000 1 364E+00 387 24 95 [continuous addition
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Table $8-17 (Cont'd) SX-106 Ammoma Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry

s K calculation and the Dynamic Spreadsheet

244-S

Saource Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NHa pgfml 833! IPercent Fill of Receving Tank % 80
Na ' pa/ml 235679| |Volume of Vapor Space L 15359
AP pa/mi 44040| |Length of Waste Fall ft 31
Fe™ pg/ml 30[ |Inside Diameter of Receving Tank ft 15
cr?® pg/mi 338| |Flow Rate of Waste gpm 4
Ni*? ng/mi 12| |Total Pressure \n Vapor Space atm 1
K nug/ml 3375] [Ventilation Flow Rate for Recemng Tank cfm 005
OH' ug/ml 40939( |Total Ventilation Flow Rate for Stack cfm 005
NO, | kg/ml 164776 |Total Bubbier Flow Rate cth 3
NO,’ pg/mi 142805| |Temperature of Air In Vapor Space °F 1618
CO,° ug/mi 14131] |Stream Diameter inches 1
PO, ° pg/mi 3266| |Tortuosity Factor unitiess 1
S0, ° ug/mi 4194| [Initial Concentration of NHs In the Vapor Phase [moie/m” 0
£ pa/mi 1041 (Surface Area of Still Waste m? 16 417
cl' pg/mil 8998 | |Fumigation Divisor at 100 meters unitless 1
Li ! ug/mi 0 (Non Furmgation Divisor at 100 meters untless 1
Br' pg/ml 0| [Correction Factor for Schumpe Model unitless 1
%H.C % 42 87
Specific Gravity unitiess 1 468
Total Organic Carbon |g/l 3228
|Cs 137 uCi/mi 384
Temperature °F 160
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Table 88-17 (Cont'd) SX-106 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |SX 105 INPUT DATA |Date 36538 71987 Revision 0O[NH;
Dilution Ratie [0 1 ug/ml
lon M w ci {molas/L) h hial 633
Na*! 2299| 10 261362 01143| 1 171729581 |From Waeisenberger & Schumpe (1998) moles/L
AR 26 98 163 02174 0 35486642 0037168173
Fo* 55 85 000 01161] 6 24862E 05
cr® 52| 6491E 03 00648| 0000420627 |Gas f (T) h (G 0)
Ni* 5871 2 C41E 04 {1654 3 37609E 05
K 3909| 8 63BE 02 Q09822| 0007961423|Ammonia o] -0 0481
OH' 17 0074 241 00839 0 201958085]Hydrogen 0 299 00218
NO, ! 62 0049 2 66 G0128] 0 034015512 |Methane 0524 Q0022
NO, T 46 0055 310 00795 0246775523
CO; 2 60 0092 024 01423| 0033508286
PO4'3 94 9676 003 02119 0007288383
§0,*° 96 05768| 4 366E 02 01117] 0004877295
F' 19! & 466E 03 0092 0000502894
cl’ 35453| 2 538E 01 00318 0008070632
L 6 94 0 00 0 0754 0
Br’ 79 916{ 0 000E +00 00269 0
Average
20 71872708 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 71 160
Temperature
deg C
71 11111111
PNL 10785
Schumpe Schumpe pure water K imol/L{lig) atm [NH3
grneoles/L {ig )[h (G} Kwater/Ksalt (molfkgwir at {Henrys K Part P atm
Ammonia 0037168173 0 0481 11 BOB66243| 2 043650443 0 478327821 { 0 077704393
Hydragen 3 559k 02 2 1681E+01 7 422E 04 2161E-05( 0 000E+00
Methane 2 196E 02 4 140E+01 9 126E 04 1 387E 05| 0000E+00
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conc in Vapor Space | %NHgmax 777 % Law Constant
Variable Varjable Variable
Delta C Delta C Deita C
Time hours| T sec  |NH; mole/m®|  %NH, % LFL NH,
00100 36 1 715E 02 0 05 03
00183 66 3 135E 02 009 057
0 0333 120 5874E 02 016 104
0 0817 222 1 040E 01 029 190
01033 372 1 721E 01 049 315
0 1750 630 2 850E 01 0 81 521
0332 1194 5 149E 01 1 46 942
0 620 2232 8 830E 01 250 16 15
1035 3726 1 308E+00 371 2393
227 8154 2 076E+00 589 3797
335 12060 2 401E+00 6 81 43 91
538 19362 2 641E+00 7 49 48 29
827 20784 2 718E+00 A 49 71
968 34860 2 727E+00 773 49 87
109 39300 2 7T30E+00 774 49 93
132 47640 2 7T33E+00 775 49 97
16 6 50580 2 733E+00 775 49 98
Time to fill from 0%
67 6] 243444 2 T33E+00 775 49 99 {to 80% at 4gpm
Steady state with
27777 8| 100000000 2 733E+00 775 49 99 |continuous addition
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Table $8-17 {Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank 88X 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 8

Liguid Waste Charactenstics {Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; png/mi 1266] |Percent Fill of Receving Tank % 80
Na*' pg/ml 235679| |Volume of Vapor Space L 15359
Al pg/mi 44040| |Length of Waste Fall ft 31
Fe ® ug/ml 30| [Inside Diameter of Receiving Tank ft 15
cr pg/mi 338 |Flow Rate of Waste gpm 4
Ni*? pg/ml 12| {Total Pressure in Vapor Space atm 1
K png/ml 3375| |Ventilation Flow Rate for Receving Tank ofm 005
OH' pg/ml 40939| |Total Ventilaton Flow Rate for Stack cfm 005
NO; * pg/ml 164776/ |Total Bubbler Flow Rate cfh 3
NO,' ng/ml 142805 | |Temperature of Air In Vapor Space °F 1618
CO;° pg/ml 14131/ |Stream Diameter Inches 1
PO,* po/ml 3266/ |Tortuosity Factor unitiess 1
$0,° ug/ml 4194] |Inttial Concentration of NH; in the Vapor Phase [mole/m® 0
F pg/mt 104/ |Surface Area of Still Waste m* 16 417
cl' ug/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L ug/mi 0} INon Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0} {Correction Factor for Schumpe Model unitiess 1
%H0 % 42 87

Specific Gravity unitiess 1468

Total Organic Carbon g/l 3228

Cs 137

wCmi

384

Temperature

°F

160
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DCRT 244-S
Case 8 (Story 1)
Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |8X 105 INPUT DATA |Date 36538 72002 Rewision 0[NH;

Dilution Ratio [0 1 ug/mi

lon MW ¢l {moles/L} hi hi ¢l 1266

Na ' 2299 10 2613562 01143 1171729581 From Weisenbsrger & Schumps {1996) moles/L

AP 26 98 163 02174 0 35486642 0 074336346

Fe® 55 85 0 00 01161] € 24862E 05

cr 52! 6 491E 03 00648] 0 000420627|Gas h (T) h (G 0)

NI 5871 2041E04 01654 3 37609E 05

K 3909| 8 635E 02 00822| 0007961423 Ammonia 0 0 0481

OH' 17 0074 2 41 00839 0 201958095|Hydrogen 0 299 00218

NO, ' 62 0049 2 66 00128| 0034015512\ Methane 0524 00022

NO, 46 0055 310 00795 0246775523

COz ¢ 80 0092 0 24 01423 0033508286

PO, 94 9676 0 03 02118| 0007286383

80, z 96 0576] 4 366E 02 01117 0004877295

F? 19| B 466E 03 00%2! 0000502894

cl’ 35453| 2 B38E 01 00318: 0008070632

i 694 000 00754 0

Br’ 79 916 0 OOOCE +00 0 0269 0
Average

20 71872705 2 072068817

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3) 1468 000 deg F

T{O) 71 160
Temperature
deg C
71 1111111

PNL 10785
Schumpe Schumpe pure water K [mol/L{lq} atm [NH3
gmoles/L (g )|h (G) Kwater/Ksalt  |(mol/kgwtr at {Henrys K Part P atm

Ammonia 0 074336346 00481] 11 89866249 9 043660443] 0 478327821 | 0 155408785

Hydrogen 3 559E 02 2 161E+01 7 422E 04|  2161E 05{ 0 000E+00

Methane 2 196E 02 4 140E+01 9 126E 04 1 387E 05| 0 QODE+00Q

S-8-119
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s
Equil NH3 Conc 1n Vapor Space % NHapmax 15 54 % Law Constant
Variable Vanable Variable
Delta C Delta C Delta C
Time hours| T sec  [NHy mole/fm®|  %NH, % LFL, NH;
0 0100 36 3 429E 02 010 063
00183 86 6 271E 02 018 115
0 0333 120 1 135E 01 032 208
0 0817 222 2 081E 01 0 59 381
0 1033 372 3 442E 01 098 6 29
01750 630 5701E 01 162 10 42
0 332 1194 1 030E+00 292 18 83
0620 2232 1 766E+00 50 3230
1035 3726 2 617E+00 7 42 47 85
227 8154 4 152E+00 1177 75 94
335 12060 4 803E+00 13 61 87 83
538 19362 5 281E+00 14 87 96 58
827 29784 5 437E+00 15 41 99 42
968 34860 5 454E+00 15 46 99 74
109 39300 5 481E+00 15 48 99 87
132] 47640 5 465E+00 15 49 99 95
16 6 59580 5 466E+00 15 49 99 97
Time to fill from 0%
67 8| 243444 5 467E+00 15 50 99 97 [to 80% at 4gpm
Steady state with
27777 8} 100000000 5 467E+00 15 50 99 97 [continuous addition
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Table $8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

_Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Corraction Factor for Schumpe Modef 1
Recelving Tank 244 8

Liquid Waste Characternistics (Source Tank) Tank Charactetistics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/mi 259/ |Percent Fill of Receving Tank % 80
Na ' pg/ml 235679| {Volume of Vapor Space L 15359
Al pg/ml 44040| [Length of Waste Fall ft 31
Fe™ pg/ml 30| |Inside Diameter of Receving Tank ft 15
cr*? pg/ml 338| |Flow Rate of Waste gpm 4
Ni 2 ug/mi 12| | Total Pressure \n Vapor Space atm 1
K1 pa/mi 3375} {Ventilation Flow Rate for Receiving Tank cfm 005
OH' png/ml 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/m 164776 | Total Bubbler Flow Rate cth 3
NO,' pg/mi 142805/ | Temperature of Ar in Vapor Space °F 1718
CO,° ug/mi 14131]| {Stream Diameter inches 1
PO,° pg/mi 3266/ |Tortuosity Factor unitless 1
80,° pg/mi 4194/ |Inttial Concentration of NH; In the Vapor Phase |mole/m® 0
F! ug/ml 1041 |Surface Area of Still Waste m* 16 417
cr ugl/ml 8998 | [Fumigation Divisor at 100 meters unitiess 1
L pg/ml 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0| |Correction Factor for Schumpe Model Unitless 1
%H,O % 4287

Specific Gravity unitless 1 468

Total Organic Carbon |g/l 3228

Cs 137

pCimi

384

Temperature

°F

170
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Table $8-17 {Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA [Date 36538 7202 Revision 0|NH5

Dilution Ratio 10 1 ug/mil

lon MW ¢t (moles/L} by hi c 259

Na*' 2299| 10 261362 01143| 1171729581 |From Weisenherger & Schumpe {1998) moles/L

Al 26 98 1863 02174 0 35486642 0 015207831

Fe' 55 85 000 01161] 6 24862E 05

cr®® 52 6491E 03 0 0648 0000420627 |Gas h{T) h (G 0)

Ni*2 58711 2 041E 04 01654| 3 37609E 05

KT 3909| 8 63BE 02 00822| 0007961423|Ammonia [+ - 0481

OR' 17 0074 2 41 00839) 0 201958005|Hydrogen -0 299 00218

NOs T 62 0049 266 00128| 0034015512|Methane 0524 00022

NO, T 46 0055 310 00795] 0246775523

CO,* 60 0092 024 01423] 0033508288

PO,° 94 9676 003 02118] 0007286383

80, 96 0576| 4 366E 02 01117| 0004877295

F 19| 6 466E 03 0092| 0000502894

o’ 35453] 2 B38E O1 00318| 0008070632

U 694 0 00 00754 0

Br' 79 916| 0 OO0E + 00 00269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3) 1468 000 deg F

T{C) 77 170
Temperature
deg C
76 66666667

PNL 10785
Schumpe Schumpe pure water K {molfL{lq) atm |NH3
gmolesil {iq ) h {(G) Kwater/Ksalt  |(mol/kgwir at iHenry s K Part P atm

Ammonia 0015207831 004817 11 89866249| 7 4179208381 0 392340203 | Q 038761777

Hydrogen 3725E 02 1 997E+01 7536E 04| 2375E 05f 0 O0QE+00

Methane 2 487E 02 3 604E+01 8 985E Q4 1 869E-05] O 000E+C0
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Table 88-17 (Cont'd} SX-105 Ammonta Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Conce in Vapor Space %NHzmax 388 % Law Constant
Variable Variable Varnable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NHj
00100 36 7 440E 03 002 014
00183 66 1 361E 02 0 04 025
0 0333 120 2 464E 02 007 046
00617 222 4 523E 02 013 0384
01033 372 7 492E 02 022 139
0 1750 630 1 244€ 01 0 36 231
0332 1194 2 260E 01 065 420
0620 2232 3812E MM 113 727
1035 3726 S871EM 169 10 91
227 8154 9 608E 01 277 17 85
335 12060 1 133E+00 326 21 06
538 19362 1 274E+00 367 2387
8 27 29784 1 328E+00 382 24 67
968 34860 1 335E+00 385 24 81
109 39300 1 338E+00 385 24 87
132 47640 1 340E+00 386 24 91
16 6 59580 1 341E+00 386 24 92
Time to fill from 0%
67 6| 243444 1 341E+00 386 24 92|to B0% at 4gpm
Steady state with
27777 8] 100000000 1 341E+00 386 24 92 [continuous addition
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Table $8-17 {Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244.85
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 519| |Percent Fill of Recemving Tank % 80
Na"' ug/mi 235679| |Volume of Vapor Space L 15359
Al ug/mil 44040| |Length of Waste Fall ft 31
Fe* pa/mi 30 tinside Diameter of Receving Tank ft 15
cr ug/mi 338| |Flow Rate of Waste gpm 4
NI pg/ml 12| [Total Pressure In Vapor Space atm 1
K ug/mi 3375| | Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/mi 164776 | |Total Bubbler Flow Rate cth 3
NO, ug/mi 142805| |Temperature of Air in Vapor Space °F 1718
COs° pg/mi 14131 |Stream Diameter Inches 1
PO, pg/mi 3266 | Tortuosity Factor unitless 1
80, * uafml 4194/ [Intial Concentration of NH; in the Vapor Phase |mole/m” 0
F pg/ml 104 | |Surface Area of Stil Waste m? 16 417
ci! pg/ml 8998| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' ug/m! 0| [Correction Factor for Schumpe Model unitless 1
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs-137 pCiiml 384

Temperature °F 170
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Table S$8-17 (Contd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36538 72038 Rewvision O[NH;

Dilution Ratie |0 1 ug/mi

lon MW ¢l {moles/L) hi hi*cl 519

Na'! 2299] 10261352 01143 1171729581 |From Weisenberger & Schumpe (1996} moles/l.

Al 26 98 163 02174 0 35486642 0 030474372

Fe™ 55 85 0 00 01161} 6 24862E 05

cr* 52] 6 491€ 03 00648 0000420627 |Gas h (T) h (G 0)

Ni*2 5871 2 041E 04 0 1654| 3 37609E 05

K 3909| 8 63BEO2 00922| 0007961423|Ammonia Q -0 0481

OH' 17 0074 241 00832 0 201958005|Hydrogen 0299 -00218

NO4 1 62 0049 2 66 00128| 0034015512|Methane 0524 00022

NO, ' 46 0055 310 00795 0246775523

CO;y ¢ 80 0092 024 01423 0033508286

POy 3 94 9676 003 02118 0007286383

$0,° 96 0576 4 366E 02 01417 0004877295

F! 19| B 466E 03 0082| 0000502894

cl’ 35453| 2 B38E 01 00318f 0008070632

T 694 000 00754 0

Br’ 79 916| 0 OOCE + 00 00269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liguid density {kg/m3)} 1468 000 deg F

T(C) 77 170
Temperature
deg C
76 66866667

PNL 10785
Schumpe Schumpe pure water K [mol/L{lig) atm |[NH3
gmioles/L (g }{h (3} Kwater/Ksalt  i{molkgwir at |Henry s K Part P atm

Ammonia 0030474379 00481 11 89866249{ 7 417920838| 0 392340903 | 0 077673213

Hydrogen 3725E 02 1 997E+01 7 536E 04! 2 375E 05| 0 000E+00

Methane 2 487E 02 3 604E+01 8 985E£-04 1 569E 05| 0 O00E-+00
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Table §8-17 (Cont'd) SX-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equl NH3 Conc n Vapor Space %N Hamax 777 % Law Constant
Variable Variable Variable
Deita C Delta C Delta C
Time hours| T sec |NH, molefm®]  %NH; % LFL NH;
00100 36 1 491E 02 004 028
0 0183 66 2727E 02 008 0 51
0 0333 120 4 938E 02 014 092
0 0617 222 9 0B3E 02 026 168
01033 372 1 501E 01 043 279
0 1750 630 2 493E 01 072 463
0332 1194 4 528E 01 130 841
0620 2232 7 84CE 01 2 26 14 57
1035 3726 1 176E+00 339 21 86
227 8154 1 925E+00 555 3578
335 12080 2 271E+00 6 54 42 20
538 19362 2 553E+00 7 35 47 44
827 29784 2 661E+00 7 66 49 44
968 34860 2 676E+00 771 4972
109 39300 2 B82E+00 772 49 83
132 47640 2 B8BE+00 774 49 91
16 6 59580 2 688E+00 774 49 94
Time to fill from 0%
67 68| 243444 2 888E+00 774 49 95|to 80% at 4gpm
Steady state with
27777 8| 100000000 2 688E+00 774 49 95 |continuous addition
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Table §8-17 (Cont'd) SX-105 Ammoma Calculations for Shumpe Worst Case {99 pages)

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 8

Ligud Waste Charactensfics {Source Tank) Tank Characteristics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 1039| |Percent Fill of Receiving Tank % 80
Na*' pg/mi 2356792| Volume of Vapor Space L 15359
Al pg/mi 44040]| |Length of Waste Fall ft 31
Fe™ png/mi 30| |Inside Diameter of Recelving Tank ft 15
cr* pg/ml 338/ |Flow Rate of Waste gpm 4
Ni*2 pa/mi 12| iTotal Pressure in Vapor Space atm 1
K ug/mt 33751 (Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939| | Total Ventilation Flow Rate for Stack cfm 005
NO, rg/ml 164776| | Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 142805 | | Temperature of Air In Vapor Space [°F 1718
CO,° pg/mi 14131| [Stream Diameter inches 1
PO,° pg/mi 3266| |Tortuosity Factor unitless 1
§0,° ng/ml 4194| [Initial Concentration of NH3 in the Vapor Phase |mole/m® 0
Fi pe/mi 104| {Surface Area of Still Waste m? 16 417
ci' pa/mi 8998 |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' png/mi 0| [Correction Factor for Schumpe Model unitless 1
%H,0O % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 uCiiml 384

Temperature °F 170
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Table $8-17 (Cont d) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank [$X 105 INPUT DATA [Date 36538 72057 Revision O[NH;
Dilution Ratio |0 1 ug/ml
lon M W ¢t {moles/L) hi hic 1039
Na*' 2298 10 261362 011431 1 171720581 |From Weisenberger & Schumpe (1996) moles/L
AP 26 98 163 02174 0 35486642 0061007475
Fe* 55 85 0 00 01161 6 24862E 05
cr® 52| 6 491E 03 00848; (0000420627 |Gas h(T) h (G 0}
Ni*? 5871 2 041E 04 0 1654} 3 37609E 05
K 3909 8 63BE 02 00922| 0007961423{Ammonia 0 -0 0481
OH' 17 0074 241 00839| 0201958095 Hydrogen 0299 00218
NO, 62 0049 2 66 00128| 0034015512{Methane 0524 00022
NO, 46 0055 310 00795 0246775523
C0,° 60 0092 024 01423| 0033508286
PO,* 94 9676 003 02119 0007286383
§0,°2 96 0576] 4 366E 02 01117 0004877295
F' 19| B 466E 03 0092| 0000502894
ci? 35453 2 638E 01 00318| 0008070832
T 694 000 0 0754 0
Br' 79 916| 0 DOOE+00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water i lig 0 43 Temperature
Liguid density (kg/m3) 1468 000 deg F
T({C) 77 170
Temperature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K |mol/L{lq) atm |NH3
gmoles/L (g )ih (G) Kwater/Ksalt  |(mol/kgwtr at |Henry s K Part P atm
Ammonia 0 081007475 00481 1189866249 7 417920838/ 0 392340903 | 0 155496086
Hydrogen 3725E Q2 1 897E+01 7536E 04| 2375E 05; O QO0E+O0
Methane 2 487E 02 3 604E+01 8 985E 04 1 569E 05| 0O O0OE+00
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Table $8-17 (Cont'd) $X-105 Ammonia Calculations for Shumpe Worst Case (99 pages)

Based on Henry s

Equil NH3 Cone In Vapor Space YNHamax) 15 55 % Law Constant
Var able Variable Vanable
Deita C Delta C Delta C
Time hours| T sec  |NH; molefm®|  %NH; % LFL NH,
00100 36 2 985E 02 009 055
00183 66 5 459E 02 018 101
0 0333 120 9 885E 02 028 184
00617 222 1 814E 01 052 337
01033 372 3 006E 01 087 558
0 1750 630 4 991E 01 144 927
0 332 1194 9 085E 01 261 16 84
0 620 2232 1 569E+00 452 29 16
1035 3726 2 355E+00 678 4376
227 8154 3 854E+00 11 10 7162
335 12060 4 548E+00 13 09 84 47
538 19362 5 111E+00 1472 94 97
827 29784 5 327E+00 15 34 98 08
968 34860 5 356E+00 15 43 99 53
108 39300 5 368E+00 15 46 99 76
132 47640 5 377E+00 15 49 99 92
1686 59580 5 380E+00 15 50 99 98
Time to fill from 0%
67 6] 243444 5 381E+00 15 50 99 99 (to 80% at 4gpm
Steady state with
27777 8] 100000000 5 381E+00 15 50 99 99icontinuous addition
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Table S8-18 SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liguid Waste Characteristics {Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; pa/mil 15325] {Percent Fill of Receving Tank % 80
Na*' pg/mi 235679 {Volume of Vapor Space L 15359
Al' pg/mi 44040| {Length of Waste Fall ft 31
Fe*® pg/mil 30| |Inside Diameter of Recenving Tank ft 15
cr? pg/mi 338| |[Flow Rate of Waste gpm 4
Ni*2 pg/ml 12| |Total Pressure in Vapor Space atm 1
K™ ng/ml 3375| |Ventilation Flow Rate for Recelving Tank cfm 005
OH' pug/ml 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' po/ml 164776 | | Total Bubbler Flow Rate cfh 3
NO, " pg/ml 142805 | |Temperature of Air in Vapor Space °F 718
CO,° pg/ml 14131| |Stream Diameter inches 1
PO,° pg/mi 3266 [Tortuosity Factor unitless 1
80, ° ug/mi 4194] |inttial Concentration of NH; in the Vapor Phase [mole/m” 0
F' pg/mi 104! [Surface Area of Still Waste m? 16 417
¢l pg/mi 8998} [Fumigation Dvisor at 100 meters unitiess 1
! pg/mil 0| iNon Fumigation Divisor at 100 meters unitless 1
Br' ) pg/ml 0| |Correction Factor for Schumpe Model unitless 6
%H0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/l 3 228
Cs 137 prCi/ml 384
Temperature °F 70
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Table $8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 35541 Revision O[{NH,;
Dilution Ratio {101 ug/ml
lon MW ¢1 {moles/L) hi hi ¢ 15325
Na*' 2299 10 251362 01143} 1171729581 |From Weisenberger & Schumpe (1998) moles/L
Al 26 98 163 02174] 0 35486642 0 899845573
Fe® 55 85 Q0o 01161} 6 24862E 05
crt 52| 6 491E 03 00648| 0000420627|Gas h(T) h{(G0)
Ni*? 5871] 2 041E 04 01654| 3 37609E 05
K 3909 8 636E 02 00922 0007961423|Ammonia 0 00481
OH' 17 0074 241 00839| 0201958085 |Hydrogen 0 299 00218
NO; 1 62 0049 2 66 00128] 0034015512 |Methane 0524 Q0022
NO, T 46 0055 310 00795 0246775523
CO,* 60 0092 024 01423 0033508286
PC)‘;'3 94 9676 003 02118 0007286383
80,° 96 0576 4 368E 02 01117 0004877295
F' 191 B 4B6E 03 0092| 0000502894
ct' 35453] 2 B38E 01 00318 0008070632
Lt 8 94 0 00 0 0754 0
Br' 79 916| 0 OCOE +00 00269 0
Average
20 71872705 2 072068817
Mass fraction water in lig 043 Tempesrature
Liguid density (kg/m3) 1468 000 deg F
T(C) 21 70
Temperature
deg C
21 11111111
PNL 10785
Schumpe Schumpe pure water K _mol/L{lig} atm [NH3
gmoles/L (Iiq )|h (G) Kwater/Ksalt  i(mollkgwir at |Henrys K Part P atm
Ammonia 0 899845573 0481 1 983110415] 73 15835385| 23 21649038 | 0 038758898
Hydrogen 2 064E 02 4 411E+01 8 025E 04 1145 05} 0 QOOE+Q0
Mesthane 4 238E 03 1445E+02| 1537E 03| 6&696E 06| Q QOOE~+00
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DCRT 244-S
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case {99 pages)
Max NH3 Conc Based on
Equil NH3 Conc_in Vapor Spa | %NHgmax 388 % Henry s Law Constant
Variable Variable Vanable
Deita C DeltaC Delta C
Time hours T sec NH, mole/m® %NH, % LFL NH;3
0 0100 36 1 199E 01 029 187
00183 66 2 129E 01 052 333
00333 120 3 B58E 01 089 572
00617 222 6 101E 01 148 9 54
01033 372 8 842E 01 214 1383
01750 630 1 190E+00 288 18 61
0332 1194 1 478E+00 358 2312
0620 2232 1 586E+00 384 24 80
1035 3726 1 598E+00 387 2499
227 8154 1 599E+00 387 2500
335 12060 1 599E+00 387 25 00
538 19362 1 599E+00 387 2500
827 29784 1 S99E+00 387 2500
968 34860 1 S99E+00 387 2500
109 39300 1 S99E+00 387 2500
132 47640 1 S99E+00 387 2500
166 59580 1 599E+00 387 2500
Time to fill from 0% to 80%
67 6] 243444 1 599E+00 387 25 00|at 4gpm
Steady state with
27777 8; 100000000 1 599E+00 387 25 00 |continuvous addition
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_;'able $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadshest

244-S
Source Tank SX-105
Dilution Rafio 01 Correction Factor for Schumpe Model 6
Recemving Tank 244 S

Liquid Waste Characternistics {Source Tank) Tank Charactenistics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 30650| |Percent Fill of Receiving Tank % 80
Na*! ug/mi 235679| |Volume of Vapor Space L 16359
Al*® ue/mi 440401 |Length of Waste Fall ft 31
Fe*® ng/ml 30| |Inside Diameter of Receving Tank ft 15
cr ng/mil 338| |Flow Rate of Waste gpm 4
Ni*2 ug/mi 12| |Total Pressure in Vapor Space atm 1
K po/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/mi 40939 | |Total Ventilation Flow Rate for Stack cfm 005
NO, * pg/ml 164776 | |Total Bubbler Flow Rate cfh 3
NO, ' Hg/mi 142805 |Temperature of Air In Vapor Space °F 718
CO,° pg/ml 14131| |Stream Diameter inches 1
PO,> pg/mi 3266 | |Tortuosity Factor unitless 1
$0,° pg/mil 4194] {inthial Concentration of NH; in the Vapor Phase |mole/m” 0
F! pg/mi 104/ [Surface Area of Still Waste m* 16 417
cl' pg/ml 8998| [Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0| |Correction Factor for Schumpe Model unitiess 6
%H;0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 nCiml 384

Temperature °F 70
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Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA (Date 36539 35642 Revision O[NH4
Dilution Ratio (01 ugfml
lon MW ¢l {moles/L) hi hi*ci 30650
Na ' 2299 10 261362 01143 1 171729581 [From Weisenberger & Schumpe (1996) moles/L
AR 26 98 163 02174| 035486642 1 799691146
Fe™ 55 85 0 Q0 01161 ©24862E 05
cr® 52| 6491E 03 00648 0000420627|Gas h {T) h (G 0)
K 58711 2 041E Q4 01654 3 37609E 05
K" 3908 8 63GE 02 C 0922 0 007961423|Ammonia 0 0 0481
CH' 17 0074 241 00839| G 201958095|Hydrogen 0299 -0 0218
NO3 1 62 0049 2 66 00128| 0034015512 |Methane 0524 00022
NO, ' 46 0055 310 00795] 0246775523
CO,° 60 0092 024 01423; 0033508286
PO,” 94 9676 003 02119| 0007286383
S0, z 96 0576| 4 366E 02 01117 0004877295
F! 19| © 466E 03 0092 0000502894
cl’ 35 453| 2 B38E 01 00318| 0008070632
Li*! 6 94 0 00 00754 0
Br' 79 916| 0 OOOE + 00 0 0269 0
Average
20 718727056 2 072068317
Mass fraction water in g 043 Temperature
Liguid density {kg/m3) 1468 Q00 deg F
T{(C) 21 70
Temperature
deg C
21 1111111
PNL 10785
Schumpe Schumpe pure water K |mol/L{lq) atm [NH3
gmoles/L {Iig ){h (G) Kwater/Ksalt  |[{mol/kgwtr at [Henrys K Part P atm
Ammonia 1 799691146 00481| 1983110415| 73 15835385 23 21649039 | 0 077517795
Hydrogen 2 0B4E 02 4 411E+01 8 025E 04 1145E 05| 0 000E+00
Methane 4 238E 03 1 445E+02 1537E 03 6 696E 06| 0 000E+00
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DCRT 244-8
Case 8 (Story 1}
Table $8-18 (Cont'd) SX-105 Ammomnta Calculations for WSU Model Worst Case (89 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHzmax 775 % Henry s Law Constant
Varnable Vanable Variable
Delta C Deita C Delta C
Time hours T sec NH; mole/m® %NH, % LFL, NH;
00100 36 2 397E 01 058 375
00183 66 4 257E 01 103 6 66
00333 120 7 315E 01 177 1144
00617 222 1 220E+00 296 19 08
01033 372 1 768E+00 429 27 66
01750 630 2 3B0E+00 577 3722
0332 1194 2 956E+00 717 46 23
0620 2232 3 172E+00 769 49 60
1035 3726 3 196E+00 775 49 98
227 8154 3197E+00 775 50 00
335 120860 3 197E+00 775 50 00
538 19362 3 197E+Q0 775 50 00
827 20784 3 197E+00 775 50 00
968 34860 3 197E+00 775 50 00
109 39300 3 197E+00 775 50 00
132 47640 3 197E+00 775 50 00
1661 59580 3197E+00 775 50 00
Time to fill from 0% to 80%
67 6 243444 3 197E+00 775 50 00]at 4gpm
Steady state with
27777 81 100000000 3 197E+00 775 50 00 |contnuous addition
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Mode! Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Charactenistics (Receiving Tank}

Parameter Units Value Parameter Units Value
NH, sg/mi 61300| |Percent Fill of Receiving Tank % 80
Na ' pg/mi 235679| [Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe' pg/mil 30! |Inside Diameter of Recewving Tank ft 15
cr pg/ml 338| |Flow Rate of Waste gpm 4
NI*2 pg/ml 12| {Total Pressure in Vapor Space atm 1
K ug/ml 3375/ |Ventitation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939} |Total Ventilation Flow Rate for Stack cfm 005
NO, ng/mil 164776] [Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 142805] |Temperature of Air in Vapor Space °F 718
CO,° pg/ml 14131] {Stream Diameter inches 1
PO,> pg/ml 3266| |Tortuosity Factor unitless 1
S0, 2 png/ml 4194/ |Initial Concentration of NHg In the Vapor Phase [mole/m” 0
F! pg/ml 104/ |Surface Area of Still Waste m? 16 417
cl! ug/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L pgfmi 0| |Non Fumigation Divisor at 100 meters unitless 1
8r' pg/ml 0| |Correction Factor for Schumpe Model unitiess <]
%H,C % 42 87

Specific Gravity unitless 1468

Total Organic Carbon jg/l 3228

Cs 137 nCiml 384

Temperature °F 70
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Table S8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |8X 105 INPUT DATA |Date 36539 35657 Revision O[NH;

Dilution Ratie |01 ug/ml

lon MW ¢t {moles/L) hi hi ¢ 61300

Na*! 2299] 10 261362 01143 1 171729581 [From Weisenberger & Schumpe (1996) moles/L

AR 2698 163 021741 035486642 3 599382202

Fe? 55 85 0 00 011611 624862E 05

cr* 52 6491E 03 0 0648; 0000420827 |Gas h{(T) h{GO)

N 5871 2 041E 04 01654 3 37609E 05

KH 3909| 8 63BE 02 00922; 0007961423|Ammonia 0 0 0481

OH' 17 Q074 2 41 00839 0201958095 Hydrogen -0 299 00218

NO, ' 62 0049 2 66 00128; 0034015512|Methane 0524 00022

NO, | 46 0055 310 00795} 0248775523

co,’ 60 0092 024 01423 0033508286

PO, 94 9676 003 02119f 0007286383

S0, z 96 05Y6| 4 366E 02 01117 0004877295

F' 19| & 466E 03 0092 0000502894

cl' 35453| 2 B38E O1 00318; 0008070632

Lt 694 0 00 00754 0

Br' 79 916| O OOOE + 00 0 0269 0
Average

20 71872705 2 072068017

Mass fraction water in lig 043 Termperature

Liguid density (kg/m3) 1468 000 deg F

T (C) 21 70
Temperature
deg C
21 1111111

PNL 10785
Schumpe Schumps pure water K |mol/L{lq) atm |[NH3
gmoles/L (g )th (G) Kwater/Ksalt  |(mol/kgwtr at [Henry s K Part P atm

Ammonia 3 599382202 0 0481] 1983110415| 73 15835385| 23 21649039 0 15503559

Hydrogen 2 0B4E 02 4 411E+01 8025E 04| 1145E 05| 0 OQQQEHID

Mathane 4 238E 03 1 445E+02 1537€ 03 6 696E 06| 0 000E-+00

S-8-137
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DCRT 244-8
Case 8 (Story 1)
Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Bgul NH3 Conc in Vapor Spa | %NHagma 15 50 % Henry s Law Constant
Vanable Variable Vanable
Delta C Delta C DeltaC
Time hours T sec NH; molefm® %NH, % LFL NH;
00100 36 4 795E 01 116 7 50
00183 66 8 515E 01 206 13 32
0 0333 120 1 463E+00 355 22 88
00617 222 2 440E+Q00Q 592 3816
01033 372 3 537E+00 8 57 5531
01750 630 4 760E+00Q 11 54 74 44
0332 1194 5 912E+00 14 33 92 46
0620 2232 6 343E+00 15 38 99 20
1035 3728 6 392E+00 15 50 99 97
227 8154 8 394E+00 15 60 100 00
335 12060 6 394E+00 15 50 100 00
538 18362 6 384E+00 15 50 100 00
827 29784 6 394E+00 15 50 100 00
968 34860 6 394E+00 15 50 100 00
109 39300 6 394E+00 15 50 100 00
132 47640 6 394E+00 15 50 100 00
166 58580 6 394E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 6 384E+00 15 50 100 00 |at 4gpm
Steady state with
27777 8} 100000000 6 394E+00 15 50 100 00 [continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratlo 01 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; ng/mi 11770| |Percent Fill of Receiving Tank % 80
Na ' pgiml 235679| [Volume of Vapor Space L 15359
A pg/ml 44040( [Length of Waste Fall ft 31
Fe*® ug/m 30| |Inside Drameter of Receiving Tank ft 15
crt? pg/ml 338| |Flow Rate of Waste gpm 4
Ni*2 ug/mil 12| |Total Pressure In Vapor Space atm 1
K pg/mt 3375| |Ventilation Flow Rate for Receiving Tank cfm 008
oH’ pg/ml 40938| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/mil 164776| |Total Bubbler Flow Rate cfh 3
NO, ! pg/ml 142805 | |Temperature of Air in Vapor Space °F 818
CO3° pg/mi 14131| |Stream Diameter inches 1
PO,° pg/mi 3266/ |Tortuosity Factor unitiess 1
S0, ° pg/mi 4194 |Imtial Concentration of NH; in the Vapor Phase |moie/m” 0
F' pug/mi 104| |Surface Area of Still Waste m* 16 417
clt ug/mil 8998 | |Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pug/mi 0} |Correction Factor for Schumpe Model uniiless 6
%H,0 % 42 87
Specific Gravity unitless 1468
Total Crganic Carbon g/l 3228
Cs 137 pCifmi 384
Temperature °F 80

S-8-139
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Table $8-18 (Contd) SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 35948 Revision 0JNH;
Dilution Ratio [0 1 ugiml
lon MW ¢1 {moles/L) hi hi ¢ 11770
Na"’ 2299 10 261362 01143 1171720581 From Weisenberger & Schurmpe (1986) moles/L
AlP 26 98 163 02174 0 35486642 0 691104887
Fe® 55 85 0 00 01161| 6 24862E 05
cr® 52| 6 4921E 03 00648 0 000420627|CGas h (T) h(G0)
i 5871 2 041E Q4 01654 3 37609E 05
K 3909 B8 B3BE 02 00922 0007961423 [Ammonia 0 -0 0481
OH' 17 0074 2 41 0 0839; 0201958095 |Hydrogen 0299 00218
NO, 62 0049 2 66 00128 0034015512|Methane 0524 00022
NO, ' 48 0055 310 00795 0246775523
0,72 60 0082 024 01423| 0033508286
PO, 94 9676 003 02119 0007286383
$0,° 96 0576 4 366E 02 01117 0004877295
F' 19| 6 466E 03 0092 0000502894
ci' 35453| 2 638E 01 00318 0008070632
L 6 94 000 00754 0
Br' 79 916| O 0OOE + 00 0 0269 0
Average
20 71872705 2072068917
Mass fraction water in liq 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 27 80
Temperature
deg C
26 66666667
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm |[NH3
gmolesiL (liq }h {G) Kwater/iKsalt  |{molkgwir at [Henrys K Part P atm
Ammonia 0 681104887 00481 1983110415| 56 17624453 17 8272907 | 0 038766681
Hydrogen 2 230E 02 4 Q75E+01 7 771E 04 1 200E 05| O OQ00E+D0
Methane 1 327E 03 1 258E+02 1 389E 03 6 949E 06| 0 000E+00

S-8-140
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DCRT 244-8
Case 8 (Story 1)
Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHymax 388 % Henry s Law Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH, % LFLL NH;
00100 36 1 083E 01 026 169
00183 66 1 894E 01 047 302
00333 120 3273E 01 081 521
00617 222 5 512E 01 138 878
01033 372 8 093E 01 200 12 89
01750 630 1 110E+00 274 17 68
0332 1194 1 416E+00 350 22 56
0620 2232 1 548E+00 383 24 68
1035 3726 1 568E+00 387 24 99
227 8154 1 569E+00 388 2500
335 12060 1 568E+00 388 2500
538 19362 1 569E+00 388 2500
827 29784 1 569E+00 388 2500
968 34860 1 569E+00 388 2500
109 39300 1 569E+00 388 2500
132 47640 1 569E+00 388 2500
166 59580 1 S69E+00 388 2500
Time to fill from 0% to 80%
67 6 243444 1 569E+00 388 25 00(at 4gpm
Steady state with
27777 8| 100000000 1 568E+00 388 25 00|contnuous addition

S-8-141
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Table $8-18 (Cont'd) $X-1056 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Recewing Tank 244 8

Liguid Waste Charactenstics {Source Tank) Tank Characteristics {Receving Tank)

Parameter Units Value Parameter Units Value
NH3 pg/mi 23535] |Percent Fill of Receiving Tank % 80
Na*' pg/mi 235679} [Volume of Vapor Space L 153569
Al pug/ml 440401 {Length of Waste Fall ft 31
Fe® ng/mi 30] |Inside Diameter of Recelving Tank ft 15
cr*? ug/mi 338/ |Flow Rate of Waste gpm 4
Ni 2 pg/mi 12| | Total Pressure in Vapor Space atm 1
K ug/mi 3375| |Ventilahon Flow Rate for Receiving Tank cfm 005
oK’ png/mi 40939( |Total Ventilation Flow Rate for Stack cfm 005
NO, ug/ml 164776 |Total Bubbler Flow Rate cfh 3
NO, ' pofml 142805/ |Temperature of Air in Vapor Space °F 818
CO;° pg/mil 14131| [Stream Diameter Inches 1
PO,> ug/mil 3266! | Tortuostty Factor unitiess 1
80,2 pg/ml 4194| |Inal Concentration of NHs 1n the Vapor Phase |mole/m’ 0
Fl pg/mi 104 | iSurface Area of Still Waste m? 16 417
cl! pg/mil 8998} Fumigation Divisor at 100 meters unitless 1
L pgimi 0} {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless 6
%0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs-137 uCifml 384

Temperature °F 80

S-8-142
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Table $8-18 (Cont d) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 35971 Rewvision OfNH;

Dilution Ratio |0 1 ug/ml

lon MW ¢t {moles/L) hi hi ¢ 23535

Na*' 2299 10 2613562 01143 1 171729581 |From Weisenberger & Schumpe (1996) moles/L.

A 26 98 163 02174 0 35486642 1 381916187

Fe* 55 85 0 00 01161] 624862E 05

cr'? 52| 6 491E 03 00648] 0000420627 |Gas h (T) h (G 0)

Ni 2 5871 2 041E 04 0 1654 3 37609E 05

K 3909] 8 635E 02 00922| 0007961423 |Ammonia 0 00481

OH' 17 0074 2 41 00839 0 201958095|Hydrogen -0 299 00218

NQ, 1 682 0049 2 66 00128| 0034015512;Methane -0 524 00022

NO, ' 46 0055 310 Q0795 0246775523

€032 60 0092 024 01423 0033508286

PO,° 94 9676 003 02118 0007286383

S0, z 96 0576| 4 366E 02 01117 0004877295

F! 19] b 466E 03 0082 0000502894

o’ 35453| 2 B3BE 01 00318 0008070632

L 694 0 00 0 0754 0

Br' 79 916| 0 0OOE +00 0 0269 0
Average

20 71872705 2 072088917

Mass fraction water in lig 043 Temperature

Liguid density (kg/m3) 1468 000 deg F

T{C}) 27 80
Temperature
deg C
26 66666667

PNL 10785
Schumpe Schumpe pura water K |mol/L{hq) atm |[NH3
gmoles/L (g }ih {G) Kwater/Ksalt  |(mol/kgwir at |Henrys K Part P atm

Ammonia 1381916187 0 0481| 1983110415| 56 17624453| 17 8272907 | 0 077516893

Hydrogen 2 230E 02 4 Q75E+01 7 771E 04 1 200E 05 O O00E+Q0Q

Methane 1327k 03 1258E+02| 1389E 03] 6940E08) 0000E+00
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Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHzpax 775 % Henry s Law Constant
Variable Variable Variable
DeltaC Defta C Delta C
Time hours| T sec NH;s mole/m®|  %NH, % LFL NH,
00100 36 2 126E 01 053 339
00183 66 3 788E 01 094 603
00333 120 6 544E 01 162 10 43
0 0617 222 1 102E+00 272 17 56
01033 372 1 618E+00 400 2578
01750 630 2 219E+00 548 3535
0332 1194 2 832E+00 6 99 4512
0620 2232 3 097E+00 765 49 35
1035 3726 3 136E+00 774 49 96
227 8154 3 138E+00 775 50 00
335 12060 3 138E+00 775 50 00
538 19362 3 138E+00 775 50 00
827 29784 3 138E+00 775 50 00
968 34860 3 138E+00 775 50 00
109 39300 3 138E+00 775 50 00
132 47640 3 138E+00 775 50 00
16 6 59580 3 138E+00 775 50 00
Time to fill from 0% to 80%
67 6| 243444 3 138E+00 775 50 00 |at 4gpm
Steady state with
27777 8| 100000000 3 138E+00 775 50 00 |continuous addition
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Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calsulation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 8

Liguid Waste Characternistics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH, ug/mi 47070| |Percent Fill of Receving Tank % 80
Na ' pa/mi 235679| |Volume of Vapor Space L 15359
AP ug/mi 44040| |Length of Waste Fall ft 31
Fe® ug/mi 30| [Inside Diameter of Receiving Tank ft 15
cre ug/mi 338| |Flow Rate of Waste gpm 4
Ni*2 pg/ml 12| |Total Pressure in Vapor Space atm 1
K pg/ml 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 409391 {Total Ventilation Flow Rate for Stack cfm 005
NO, ! ng/mi 1647761 | Totat Bubbler Flow Rate cfh 3
NO, ' ug/ml 142805| | Temperature of Air in Vapor Space °F 818
CO3° pg/ml 14131} [Stream Diameter inches 1
PO,° pg/ml 3266/ |Tortuosity Factor unitiess 1
80,2 pg/ml 4194 [intial Concentration of NH; In the Vapor Phase [mole/m® 0
gl pg/ml 104 | |Surface Area of Still Waste m? 16 417
ci’ pg/ml 8998| [Fumigation Divisor at 100 meters unitless 1
L' pg/mi 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| [Correction Factor for Schumpe Modei unitless 6
%H0 % 42 87

Specific Gravity unitiess 1 468

Total Organic Carbon |g/l 3228

Cs 137 pCiml 384

Temperature °F 80
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Table $8-18 (Contd) SX 105 Ammonsia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 35987 Revision 0O[NHy

Dilution Ratic |0 1 ug/mi

lon MW ¢l {moles/L} hi hi ¢l 47070

Na*' 22987 10 251382 0 1143) 1 171729581 |[From Weisenberger & Schumpe (1826} molesiL

Al® 26 98 163 02174 0 35486642 2 763832373

Fe™ 55 85 0 00 01161 6 24862E 05

cr* 52| 6491E 03 006848{ 0000420627 |Gas h{T) h (G 0)

NI 5871 2 041E04 0 1654] 3 37609E 05

K? 3909| 8 636E 02 00922 0007961423|Ammona 0 00481

OH’ 17 0074 2 41 00839 0 201958095|Hydrogen 0 299 00218

N031 62 0049 2 66 00128 0034015512 |Methane 0524 00022

NO, 46 0055 310 00795 0246775523

CO,° 60 0092 024 01423 0033508286

PO 94 9676 003 02118 0007286383

80, 2 96 0576] 4 366E 02 01117 0004877295

F' 19| 5 486E 03 0092 0000502894

cl’ 35453| 2 B38E 01 003187 0008070632

L 694 000 0 0754 0

Br' 79 916| 0 DOOE +00 00269 0

— Average
20 71872705 2 072068417

Mass fraction water 1n hiq 043 Temperature

Liguid density (kg/m3) 1468 000 deg F

T (C) 27 80
Temperature
deg C
26 66666667

PNL 10785
Schumpe Schumpe pure watsr K lmol/L{lg) atm {NH3
gmoles/L (g }|h {G) Kwater/Ksalt  [{molkgwtr at |Henrys K Part P atm

Ammenia 2 763832373 00481 1983110415| 56 17624453| 17 8272907 | 0 155033786

Hydrogen 2 230E 02 4 Q75E+01 7771E Q4 1 200E 05| 0 QODOE+00

Methane 1327E 03 1258E+02| 1 389E 03| 6 949E 06| 0 O00E+00
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DCRT 244 S
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (89 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHgyay, 15 50 % Henry s Law Constant
Variable Variable Variable
Deita C Delta C DeltaC
Time hours| T sec | NH; molefm®|  %NH, % LFL NH;,
00100 36 4 252E 01 105 678
00183 66 7 575E 01 187 12 07
00333 120 1 300E+00 323 20 85
00817 222 2 204E+00 544 3512
01033 372 3 236E+00 799 51 57
01750 630 4 438E+00 10 96 70 71
0332 1184 5663E+00 13 99 90 24
0620 2232 6 195E+00 15 30 98 71
1035 3726 6 271E+00 15 49 99 93
227 8154 6 276E+00 15 50 100 00
335 12060 6 276E+00 15 50 100 00
538 19362 6 276E+00 15 50 100 00
827 29784 6 276E+00 15 50 100 00
968 34860 6 276E+00 15 650 100 00
109 39300 6 276E+00 15 50 100 00
132 47640 6 276E+00 15 50 100 00
16 6 59580 © 276E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 6 276E+00 15 50 100 00|at 4gpm
Steady state with
27777 8| 100000000 6 276E+00 15 50 100 00| continuous addition
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DCRT
Case

244 s

8 (Story 1)

Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Recewving Tank 244 S

Liguid Waste Characteristics {Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value

NH3 ug/ml 9118 |Percent Fill of Recewving Tank % 80
Na ' pg/mi 235679| |Volume of Vapor Space L 15359
A ug/ml 44040| |Length of Waste Fall ft 31
Fe* pg/ml 30| [Inside Diameter of Recelving Tank ft 15
crt pg/ml 338/ |Flow Rate of Waste gpm 4
Ni*2 ug/ml 12| |Total Pressure in Vapor Space atm 1
K pugfml 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ng/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, pg/ml 164776| | Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 142805| | Temperature of A in Vapor Space °F 918
CO3° pg/ml 14131] |Stream Dhameter inches 1
PO,* ug/ml 3266/ |Tortuosity Factor unitiess 1
S0, ? ug/ml 4194 |Inittal Concentration of NH, In the Vapor Phase |mole/m® 0
F ug/mi 104 | |Surface Area of Still Waste m? 16 417
clt pg/mi 8998| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| [Non Fumigation Divisor at 100 meters unitiess 1
Br' ugfmi 0| |Correction Factor for Schumpe Model unitless 6
%H,C % 42 87

Specific Gravity unifless 1468

Total Organic Carbon g/l 3228

Cs 137 pCml 384

Temperature °F 90
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Table S8-18 (Cont d} SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [|SX 105 INPUT DATA (Date 36539 36033 Revision 0O[NH;

Dilution Ratio [0 1 ug/mi

jon MW ¢ {moles/L) hi hi ci 9118

Na™' 2299 10 261362 01143| 1171729581 iFrom Weisenberger & Schumpe {1996} moles/L

AP 2698 163 02174 0 35486642 0 535386097

Fe® 55 85 0 00 01161 6 24862E 05

cr’® 52| 6 491E 03 00648 0000420627|Gas h (T) hiGQ)

Ni* 5871 2 041E Q4 01654| 3 37609E 05

K" 3909] 8 635GE 02 00922; 0007961423|Ammonia 0 0 0481

OH' 17 0074 241 00839| 0201958095 {Hydrogen 0 209 00218

NG, ' 62 0049 2 66 00128| 0 034015512|Methane 0524 00022

NO, " 48 0055 310 00795| 0246775523

€O, 2 60 0092 024 01423| 0033508286

PO.® 94 9676 003 02119 0007286383

S0,° 96 0576| 4 366E 02 G1117| 0004877285

F' 19| 5 466E 03 0082| 0000502804

cl’ 35 4531 2 B38E 01 00318| 0008070632

Li* 694 0 00 00754 0

Br* 79 916] 0 O0OE +00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water in Iig 043 Temperature

Liguid density (kg/m3) 1468 000 deg F

T{(C) 32 90
Temperature
deg C
3222222222

PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm |[NH3
gmoles/L (hg )ih {G) Kwater/Ksalt  |(mol/kgwir at |Henrys K Part P atm

Ammonia 0 535386097 00481| 1983110415| 43 52508667 13 81249991 | 0 038760985

Hydrogen 2 386E 02 3 764E+01 7 576E 04 1 267E 05| 0 000E+00

Methane 1 584E 03 1 095E+02 1271E 037 7 308E 06| 0 O00E+00
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DCRT 244 8
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equit NH3 Conc n Vapor Spa | %NHyax 388 % Henry s Law Constant
Vanable Vartable Variable
Delta C DeltaC Delta C
Time hours{ T sec NH; mole/m® %NH; % LFL NH,
00100 36 9 349E 02 024 152
00183 o) 1671E M 042 271
00333 120 2 902E 01 073 471
00817 222 4 934E 1 124 801
01033 372 7 339E 01 185 11N
01750 630 1 026E+00 2 58 16 64
0332 1194 1 347E+00 339 2187
0620 2232 1 509E+00 380 24 48
1035 3726 1 538E+00 387 24 96
227 8154 1 541E+00 387 2500
335 12060 1 541E+00 387 2500
538 19362 1 541E+00 387 2500
827 29784 1 541E+00 387 2500
068 34860 1 541E+00 387 2500
109 39300 1 541E+00 387 2500
132 47640 1 541E+00 387 2500
166 59580 1 541E+00 387 2500
Time to fili from 0% to 80%
67 6] 243444 1 541E+00 387 25 00|at 4gpm
Steady state with
27777 81 100000000 1 541E+00 387 25 00| continuous addrtion
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Table $8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liquid Waste Characternstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH, ng/mi 18235| |Percent Fill of Receiving Tank % 80
Na ' pg/mi 235679| |Volume of Vapor Space L 15358
A" pg/mi 44040| |Length of Waste Fall ft 31
Fe? pg/mil 30| |Inside Diameter of Receving Tank ft 15
cr'? ug/mi 338| |Flow Rate of Waste gpm 4
Ni*2 ug/mi 12| |Total Pressure in Vapor Space atm 1
K*! pa/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OoH' pa/mi 40939 |Total Ventilation Flow Rate for Stack cfm 005
NO; ! ng/mi 164776, iTotal Bubbler Flow Rate cfh 3
NO, Hgfmi 142805 (Temperature of Ar in Vapor Space °F 918
COs* ng/mi 141311 {Stream Diameter Inches 1
PO,’ ug/mi 3266 | Tortuosity Factor unitless 1
80,° ug/mt 4194/ [Initial Concentration of NH; in the Vapor Phase [mole/m” 0
Fi ug/ml 104 | |Surface Area of Still Waste m? 16 417
cl’ ng/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L’ pg/mil 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitless 1 468

Total Organic Carbon g/l 3228

Cs 137 pCi/mi 384

Temperature °F 90
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Table $8-18 (Cont'd) $X-105 Ammonia Cafculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA [Date 36539 36079 Revision 0O[NH;
Dilution Ratio [0 1 ug/mi
lon MW ¢l {moles/L) hi hi ci 18235
Na '’ 2299 10 261362 01143| 1171729581 [From Waeisenbergsr & Schumpe (1896) moles/L
Al 26 98 163 02174 0 35486642 1 070713478
Fe® 55 85 0 00 01161| 6 24862E 05
ot 52| 6 491E 03 00648| 00004208627 [Gas h({T) h (G 0)
Ni 2 5871| 2041E 04 01654 3 37609E 05
K 3909| 8 63bE 02 00922 0007961423 Ammonia 0 0 0481
OH' 17 0074 2 41 00839 0 2019580951Hydrogen 0 289 00218
NO3 1 62 0049 2 66 00128| 0 034015512|Methane 0524 00022
NO, ' 46 0055 310 00795 0248775523
€0’ 60 0092 0 24 0 1423| 0033508286
PO,° 94 9676 003 02119 0007286383
§0,° 96 0576; 4 366E 02 01117 0004877295
F* 191 b 466E 03 0092| 0000502894
crt 35 453f 2 B38E 01 00318| 0008070832
Lt 594 000 0 0754 0
Br' 79 916| 0 QOOE + 00 00269 0
Average
20 71872705 2072088917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T (C} 32 80
Temperature
deg C
32 22222222
PNL 10785
Schumpe Schumps pure water K [mol/L{hq} atm |NH3
gmoles/L (g )ih (G) Kwater/Ksalt  |{mol/kgwir at |Henry s K Part P atm
Ammonia 1070713476 004811 1 983110415| 43 52508667, 13 81249991 | 0 077517718
Hydrogen 2 396E 02 3 764E+01 7 576E 04 1 267E 05| 0 Q00E+00
Methane 1 584E 03 1 QOSE+02 1271E 03 7 308E 05| 0 O000E+00
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DCRT 244 S
Case 8 (Story 1)
Table S$8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHzmay 775 % Henry s Law Constant
Vanable Variable Varable
Delta C Delta C Delta C
Time hours| T sec NH, mole/m®|  %NH, % LFL, NH;
00100 36 1 870E 01 047 303
00183 66 3341E 01 084 542
00333 120 5 803E 01 1 46 942
00817 222 9 868E 01 248 16 01
0 1033 372 1 468E+00 369 2382
01750 630 2 051E+00 516 3328
(332 1194 2 695E+00 678 4373
0620 2232 3 017E+00 7 59 48 97
1035 3726 3 076E+00 774 49 92
227 8154 3 081E+00 775 50 00
335 12060 3 081E+00 775 50 00
538 19362 3 081E+00 775 50 00
8 27 29784 3 081E+00 775 50 00
968 34860 3 081E+Q0 775 5000
109 39300 3 0B1E+00 775 50 00
132 47640 3 081E+00 775 50 00
166 58580 3 081E+00 775 50 00
Time to fill from 0% to 80%
67 6] 243444 3 081E+00 775 50 00 |at 4gpm
Steady state with
27777 8| 100000000 3 081E+0C 775 50 00| continucus addition
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Table $§8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH3 pg/mi 36474] |Percent Fill of Receiving Tank % 80
Na*! pg/mi 235679 |Volume of Vapor Space L 15359
Ar 3 pa/mi 44040| [Length of Waste Fall ft 31
Fe 3 pg/mi 30| |inside Diameter of Recelving Tank ft 15
cr'® pg/ml 338/ |Flow Rate of Waste gpm 4
Ny ug/mi 12/ | Total Pressure in Vapor Space atm 1
K* pa/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 0 05
OH' ug/ml 40939 |Total Ventilation Flow Rate for Stack cfm 005
NO; ' ug/mi 164776 | | Total Bubbler Flow Rate cfh 3
NG, ' pg/mi 142805| |Temperature of Air in Vapor Space °F 918
CO,° pg/mi 14131| [Stream Diameter inches 1
PO,° po/mi 3266 | |Tortuosity Factor unitless 1
80,* pgfml 4194! |Inthial Concentration of NH; in the Vapor Phase |mole/m’ 0
F pg/mi 104| |Surface Area of Still Waste m? 16 417
cl’ pg/mi 8998| |Fumigation Diviser at 100 meters unitiess 1
Lt ng/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0| |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Spectiic Gravity unitiess 1468

Total Organic Carbon |gh 3228

Cs 137

pCi/ml

384

Temperature

°F

90
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Table 58-18 (Cont d) $X-105 Ammonia Caiculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36109 Revision 0iNH;

Dilutton: Ratio [0 1 ug/ml

lon MW ¢t {moles/L) hi hia 36474

Na*! 2299] 10 2513562 01143] 1171729581 |From Weisenberger & Schumpe (1986) moles/L

AP 26 98 163 02174 0 35486642 2141661822

Fe * 55 85 0 00 01181{ 6 24862E 05

cr 52| 6491 03 0 0648| 0000420627 |Gas h (T) h (G Q)

N2 5871 2 Q41E 04 01654 337609k 05

K'? 3908| 8 63BE 02 00922| 0007961423|Ammonia 0 00481

OH* 17 0074 241 00839 0 201958095 Hydrogen 0299 00218

NG, ' 62 0049 266 00128] 0034015512 (Methane 0524 00022

NO, 46 0055 310 00795] 0246775623

CQ4 2 60 0092 024 0 1423] 00335082856

PO,° 94 9676 003 2119 0007286383

50,7 96 0576| 4 386E 02 01117 0004877295

F! 19| B 466E 03 0092 0000502804

c! 35453] 2 BRBE 01 00318 0008070632

L 694 0 00 0 0754 0

Br' 79 916| 0 OOOE + 00 00269 0
Average

2071872705 2 072068917

Mass fraction water in lig 043 Temperature

Liquid density (ka/m3) 1468 000 deg F

T(C) 32 90
Temperature
deg C
32 22222222

PNL 10785
Schumpe Schumpe pure water K |molfL(liq) atm [NH3
gmoles/l. (ig )|h (G) Kwater/Ksait  ((mol/kgwtr at |Henrys K Part P atm

Ammonia 2141661822 00481 1983110415| 43 52508667 13 81249091 | 0 165052441

Hydrogen 2 396E 02 3 764E+01 7 576E 04 1 267E 05} ( 000E+00

Methane 1 584E 03 1095E+02| 1271E Q3| 7 308E 06] 0 000E+00
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DCRT
Case

244 S
8 (Story 1)

Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on
Equil NH3 Conc In Vapor Spa | %NHamax 15 51 % Henry s Law Constant
Variable Variable Variable
Deilta C Delta C Delta C
Time hours| T sec NH, mole/m® YoNH, % LFL NH,
0 0100 36 3 740F 01 094 6 07
00183 66 6 683E 01 168 10 84
00333 120 1 161E+00 292 18 84
00617 222 1 974E+00 4 96 3203
01033 372 2 936E+00 738 47 64
01750 630 4 102E+0Q0 10 32 66 57
0332 1184 5 390E+00 13 56 87 47
0620 2232 6 035E+00 15 18 97 94
1035 3726 6 153E+00 15 48 99 85
227 8154 6 163E+00 15 50 100 00
335 12060 8 163E+00 15 50 100 00
538 19362 6 163E+00 15 50 100 00
827 29784 6 163E+00 15 50 100 00
968 34860 6 163E+00 15 50 100 00
100 39300 6 163E+00 15 50 100 00
132 47640 6 163E+00 15 50 100 00
166 59580 6 163E+0C 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 6 163E+00 15 50 100 00 |at 4gpm
Steady state with
27777 8] 100000000 6 163E+00 15 50 100 00 |continuous addition
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Case
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Table $8-18 (Cont'd) S$X-1056 Ammoma Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Diiution Ratio 01 Correction Factor for Schumpe Model 6
Recewving Tank 244 S

Liquid Waste Charactenstics {Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 7125| |Percent Fill of Recewing Tank % 80
Na ' pg/mi 235679| |Volume of Vapor Space L 15359
Al ug/mi 44040/| |Length of Waste Fall ft 31
Fe™ ng/ml 30| |inside Diameter of Receiving Tank ft 15
crt pg/ml 338 |Flow Rate of Waste gpm 4
Ni*? pg/ml 12| |Total Pressure in Vapor Space atm 1
K*! pg/m! 33751 |Ventilation Flow Rate for Receiving Tank cfm 005
OoH' ug/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 164776 | |Total Bubbler Flow Rate cfh 3
NO, pg/mi 142805| |Temperature of Air in Vapor Space °F 1018
CO,° pg/mi 14131| [Stream Diameter inches 1
PO,* pg/mi 3266| |Tortuosity Factor unitless 1
S0, ° pg/ml 4194 linttial Concentration of NHj in the Vapor Phase {mole/m® 0
F pg/mt 104 |Surface Area of Stll Waste m? 16 417
cl' pg/ml 8998| |Furmgation Divisor at 100 meters unitless 1
L pg/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0] [Correction Factor for Schumpe Model unitiess 5]
%H,0 % 42 87

Specific Gravity unitless 1488

Total Organic Carbon g/l 3228

Cs 137 pCiml 384

Temperature °F 100
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Table $8-18 {(Cont’d) SX 105 Ammomia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA [Date 36539 38134 Rewviston O{NH,
Dilution Ratio {0 1 ug/ml
lon Mw ¢l {molas/L) hi hici 7125
Na*! 2289| 10251362 011437 1 171729581 |From Wersenberger & Schumpe (1996) moles/L
Al" 26 98 163 02174 035486642 0 418362134
Fe® 5585 000 01161| 6 24862E 05
cr? 52| 6 491E 03 00648| 0000420627 |Gas h(T) h (G0}
N 5871 2 041E 04 0 1654| 3 37609E 05
K' 3909| 8 B3BE 02 00922 0007961423 |Ammonia 0 -0 0481
OH'’ 17 0074 2 41 00839] 0201958095 |Hydrogen 0299 00218
NO, f 62 0049 266 00128] 0 034015512iMethane 0524 00022
NO, 46 0055 310 00795 0246775523
CO,° 60 0092 024 01423| 0033508286
PO, 94 9676 003 02119| 0007286383
80, 2 96 0576| 4 386FE 02 011171 0004877295
F 19| 65 466E 03 0092 0000502894
cl' 35453 2 B38E 01 00318 0008070832
Lt 694 0 00 00754 0
Br' 79 916} 0 OO0E + 00 0 0269 0
Avarage
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 Q00 deg F
T({C) 38 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K |mol/L{ig) atm |[NH3
gmoles/L (g )|h (G) Kwater/Ksalt  |(mol/kgwtr at [Henrys K Part P atm
Ammonia 0 418362134 00481; 1983110415] 34 010717771 10 79315568 | 0 038761799
Hydrogen 2 562E 02 3 477E+01 7 434E 04 1 345E 05| 0 OO00E+Q0
Methane 4 496E 03 9 526E+01 1 178E 03 7 779E 06] 0 000E+DO
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DCRT 244-8
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHaymay 388 % Henry s Law Constant
Variable Variable Varnable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®|  %NH, % LFL, NH;
00100 36 8 161E 02 021 135
00183 66 1 462E 01 037 242
00333 120 2 553E 01 065 422
00817 222 4 382E 01 112 724
01033 372 6 599E 01 169 10 90
01750 630 9 397E 01 2M 15 53
0332 1194 1 273E+00 326 2102
0620 2232 1 464E+00 375 24 20
1035 3726 1 SOBE+00 386 24 92
227 8154 1 513E+00 387 2500
335 12060 1 513E+00 387 2500
538 19362 1 513E+00 387 2500
827 29784 1 513E+00 387 2500
968 34860 1 513E+0Q0 387 25 00
109 39300 1 513E+00 387 25 00
132 47640 1 513E+00 387 2500
166 59580 1513E+00 387 2500
Time to fill from 0% to 80%
67 6| 243444 1 513E+00 3 87 25 00 [at 4gpm
Steady state with
27777 8] 100000000 1 813E+00 387 25 00| continucus addition
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Table $8-18 (Cont'd) SX-105 Ammonta Calculations for WSU Model Worst Case {99 pages)

Input Data for Henry s K calculation and the Dynamic $preadsheet

244-8
Source Tank 8X 105
Dilution Ratio 01 Correchion Factor for Schumpe Mode! 6
Receving Tank 244 S

Liguid Waste Charactenistics (Source Tank) Tank Characternistics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; png/mil 14250| |Percent Fill of Receving Tank % 80
Na*' pg/ml 2356791 {Volume of Vapor Space L 15358
Al pgimi 44040] |Length of Waste Fall ft 31
Fe'? pg/ml 30| |Inside Diameter of Recelving Tank ft 15
cr® pg/ml 338| |[Flow Rate of Waste gpm 4
Ni 2 pg/mi 12| |Total Pressure In Vapor Space atm 1
K pa/mi 3375 iVentilation Flow Rate for Receiving Tank ¢fm 005
oH' ua/mi 409397 | Total Vertilation Flow Rate for Stack cfm 005
NO, | ug/mi 164776! |Total Bubbler Flow Rate cfh 3
NO, pg/ml 142805 | |Temperature of Air in Vapor Space F 1018
COs° ug/ml 14131| |Stream Diameter inches 1
PO’ Hgfmi 3266 {Tortuosity Factor unittess 1
S0,° Hg/mi 4194| |Initial Concentration of NH, In the Vapor Phase [mole/m” 0
F' pg/mi 104/ |Surface Area of Still Waste m* 16 417
c’ png/ml 8998| |Fumigation Divisor at 100 meters unitless 1
Lt ng/mi 0] {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 01 |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137

uCiiml

384

Temperature

°F

100
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Table S8-18 (Contd) SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 368155 Rewvision O}NH;

Diluton Ratio |0 1 ug/mi

lon MW ci {moles/L) hi hi ci 14250

Na*! 2299 10 261362 01143| 1171729581 :From Weisenberger & Schumpe (1996) moles/L

Al® 26 98 163 02174 0 35486642 0 836724269

Fe* 55 85 0 00 01161| 6 24862E 05

cr® 52| 6 491E 03 0 0648| 0000420627 |Gas h(T) h (G 0)

Nt 5871 2 041E 04 01654: 3 37609E 05

K'? 3908| 8 63BE 02 00922] 0007961423|Ammonia 0 00481

OH' 17 0074 2 41 00839 0 201958095|Hydrogen 0 299 00218

NO, ' 62 0049 2 866 00128 0034015512 (Methane 0524 00022

NO, ! 46 0055 310 00795 0246775523

COo,° 60 0092 0 24 01423 0033508286

PO,* 94 9676 003 02119 0007286383

50,2 06 0576 4 36BE 02 01117| 0004877295

F? 19| B 466E 03 0092 0000502894

ci 35453 2 B38E 01 00318) 0008070632

L+ 694 000 00754 0

Br' 79 916] O OODE+00 0 0269 0
Average

20 71872705 2 072068017

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3) 1468 000 deg F

T{C) 38 100
Temperature
deg C
37 TI777778

PNL 10785
Schumpe Schumpe pure water K |mol/L(lIiq} atm |NH3
gmolesii. (Iiq }|h (G) Kwater/Ksalt  |(molikgwir at |Henry s K Part P atm

Ammonia 0 836724269 00481] 1983110415| 34 01071777 | 10 79315568 | 0 077523599

Hydrogen 2 562E 02 3 477E+1 7 434E 04 1 345E 05| 0 OODE+CO

Methane 4 496E 03 9 526E+01 1178E03; 7779E 08| 0O QO0E+Q0
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Author M@&ﬁ Date_/ 2926&0 Checked by_é,,b‘_%L\_ Date_ i/ 26/ 20

DCRT 244 S
Case B (Story 1)
Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc In Vapor Spa | %NHamax 775 % Henry s Law Constant
Varable Vanable Varnable
Delta C Delta C Delta C
Time hours| T sec NH; molefm®|  %NH, % LFL NH,
0 0100 36 1632E 01 042 270
00183 66 29256E 01 075 483
0 0333 120 5 107E 01 131 §44
00617 222 8 764E 01 224 14 48
01033 372 1 320E+00 338 2181
01750 630 1 879E+00 4 81 3105
0332 1194 2 545E+00 6 52 42 05
0620 2232 2 929E+00 7 50 48 39
1035 3726 3 016E+00 772 49 84
227 8154 3 026E+00 775 50 00
335 12060 3 026E+00 775 50 00
538 19362 3 026E+00 775 50 00
827 29784 3 026E+00 775 50 00
968 34860 3 026E+00 775 50 00
109 39300 3 026E+00 7756 50 00
132 47640 3 026E+00 775 50 00
166 59580 3 026E+00 775 50 00
Time to fill from 0% to 80%
67 6] 243444 3 026E+00 775 50 00|at 4gpm
Steady state with
27777 8| 100000000 3 026E+00 775 50 00| continuous addition
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Table S$8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 108
Diution Ratio 01 Correction Factor for Schumpe Modet 6
Recelving Tank 244 8

Ligquid Waste Characteristics (Source Tank} Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH, ug/mi 28500| |Percent Fill of Receiving Tank % 80
Na"' ug/mil 235679! {Volume of Vapor Space L 15359
Al pg/mi 44040| |Length of Waste Fall ft 31
Fe*® pg/mi 30| |Inside Diameter of Recelving Tank it 15
crd pg/mi 338| |Flow Rate of Waste gpm 4
Ny 2 pg/ml 12| | Total Pressure in Vapor Space atm 1
K ugimil 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH pg/mi 40939] [Total Ventilation Flow Rate for Stack cfm 005
NO, 1 pg/mi 164776] jTotal Bubbler Flow Rate cfh 3
NO, ' ug/mt 142805 [Temperature of Air in Vapor Space °F 1018
0032 pg/ml 14131 |Stream Diameter Inches 1
PO,’ pg/mi 3266| |Tortuosity Factor unitless 1
SO, 2 pg/ml 4194| |Intial Concentration of NH; in the Vapor Phase mole/m® 0
F pg/mi 104| {Surface Area of Still Waste m? 16 417
cl’ ug/mi 8998 |Fumigation Divisor at 100 meters unitless 1
L ug/mt 0] [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi Qi |Correction Factor for Schumpe Model unitless 6
%HO % 42 87

Specific Gravity unifless 1468

Total Organic Carbon |g/) 3228

Cs 137

nCimi

384

Temperature

°F

100
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Table $8-18 (Contd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 36175 Rewvision OjNH;
Dilution Ratio [0 1 ug/ml
lon MW ¢l {moles/L) hi hi*ci 28500
Na*' 2299 10 261362 01143| 1171729581 {From Weisenberger & Schumpe {(1996) moles/L
Al 26 98 163 02174 0 35486642 1 673448537
Fe* 55 85 0 00 01161| 6 24862E-05
cr 52! 6 491E 03 00848 0 000420627|Gas h(T) h (G 0)
NIt 58711 2 041E 04 Q1654 3 37609E 05
K" 3909| 8 63BE 02 008221 0007961423[Ammonia 0 0 0481
CH' 17 0074 2 41 Q0839] 0201958095|Hydrogen 0 289 00218
NO, T 62 0049 2 66 00128} 0034015512|Methane -0 524 0 0022
NO, T 46 0055 310 00795 0246775523
CO,° 60 0092 024 (0 1423| 0033508286
PO,? 94 9676 003 02119| 0007286383
80,° 96 0576| 4 368E 02 01117 0004877295
F! 19 5 466E 03 0092{ 0000502894
cl' 35453| 2 B38E 01 00318{ 0008070632
L 6 94 000 00754 0
Br' 79 916| 0 OGOE + 00 00269 0
Average
2071872705 2 072068917
Mass fraction water in hig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 38 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K |mol/L{Iiq) atm [NH3
gmolesiL (g Yk (G) Kwater/Ksalt  [(mol/kgwir at |Henrys K Part P atm
Ammonia 1 673448537 00481 19683110415| 34 01071777| 10 79315568 | 0 155047197
Hydrogen 2 562k 02 3 477E+) 7 434E 04 1 345E 05] 0 000E+Q0
Methane 4 496E 03 9 526E+01 1 178E 03 7 779E 06 0O 000E+00
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DCRT 244 8
Case 8 (Story 1}
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHsgmax) 15 50 % Henry s Law Constant
Variable Vanable Vanable
Delta C Delta C Delta C
Time hours| T sec NHs mole/m®|  %NH, % LFL NH,3
00100 36 3 264E 01 084 539
00183 66 5 850E 01 150 967
00333 120 1 021E+00 262 16 87
00817 222 1 753E+00 449 28 96
01033 372 2 B40E+0Q0 676 43 61
01750 630 3 759E+00 963 62 10
0332 1194 5 090E+00 1304 84 10
0620 2232 5 B58E+00 1500 96 78
1035 3726 8 033E+00 15 45 99 68
227 8154 6 052E+00 1550 100 00
335 12060 6 052E+00 15 50 100 00
538 19362 6 052E+00 15 50 100 00
827 29784 6 052E+00 15 50 100 00
968 34860 6 052E+Q0 15 50 100 00
109 39300 8 052E+00 15 50 100 00
132 47640 6 052E+00 15 50 100 00
1686 59580 6 052E+00 15 50 100 00
Time to fill from 0% to 80%
676 243444 6 052E+00 15 50 100 00 at 4gpm
Steady state with
27777 8] 100000000 6 052E+00 15 50 100 00| continuous addition
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DCRT 2445
Case 8 (Story 1)

Table §8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank 8X 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Charactenstics {(Recewving Tank)
Parameter Units Value Parameter Units Value
NH; pg/mi 5612| [Percent Fill of Receiving Tank % 80
Na ' pg/mi 235679| |Volume of Vapor Space L 15359
Al pg/mi 44040/ |Length of Waste Fall ft 31
Fe* pg/ml 30| |Inside Diameter of Recewving Tank ft 15
cr? ugimi 338| |Flow Rate of Waste gpm 4
Ni*2 pg/mi 12| |Total Pressure In Vapor Space atm 1
K* pg/ml 3375{ [Ventitation Flow Rate for Receiving Tank ofm 0 a5
OH! pa/mi 40938| | Total Ventilation Flow Rate for Stack cfm 005
NO, ' rg/ml 164776/ | Total Bubbler Flow Rate cfh 3
NO, ' ng/mi 142805| | Temperature of Air in Vapor Space °F 1118
CcO;° ngfmi 14131| |Stream Diameter inches 1
PO,? ug/mi 3266| |Tortuosity Factor unitless 1
S0,° ng/ml 4194/ |Inttial Concentration of NH; in the Vapor Phase |mole/m® 0
F' ug/mil 104! |Surface Area of Sl Waste m? 16 417
cl? pg/mi 8998| |[Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| [Non Fumigation Divisor at 100 meters unitiess 1
gr' png/mi 0} |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon {g/l 3228
Cs 137 uCrml 384
Temperature °F 110
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Table $8-18 {Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA {Date 36539 36206 Revision 0|NH,
Dilution Ratro |0 1 ug/mi
lon MW ¢t {moles/L) ht hi el 5612
Na ' 2299) 10 251362 01143 1 171720581 |From Weisenberger & Schumpe {1096} molesiL
Al 26 98 163 02174 0 35486642 0 329522568
Fe™ 55 85 000 01161| 6 24862€ 05
cr® 52| 6491E03 00848 0 000420627 |Gas h{T) h (G 0)
Ni*2 5871f 2 041E 04 01654| 3 37600E 05
K 3909 8 g36E 02 00822 0007961423 |Ammonia 0 0 0481
OH ' 17 0074 241 00839| 0201958085iHydrogsn 0 299 00218
NO;, 1 62 0049 2 66 00128| 0 034015512|Methane 0524 00022
NO, | 48 0055 310 00795 0246775523
CO,4 2 60 0092 024 01423 0033508286
PO,° 94 9676 003 02119 0007286383
80, 2 96 0578 4 366E 02 01117 0004877295
F' 19| b 466E 03 0092| 0000502894
cr' 35453| 2 B38E 01 00318; 0008070632
T 6 94 0 00 00754 0
Br’ 79 916| 0 OOOE +00 0 0269 0
Avarage
20 71872705 2 072068917
Mass fraction water in liq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 16785
Schumpe Schumps pure water K [molfL{lq} atm INH3
gmoles/L {lig )}h (G) Kwater/Ksalt  |{mol/kgwir at [Henrys K Part P atm
Ammonia 0 329522568 00481] 1 983110415| 26 79087387 8 501969125 [ 0 038758382
Hydrogen 2 728E 02 3 212E+01 7 337E 04 1 437E 05 0 O000E+00
Methane 7 407E 03 8 291E+01 1 103E 03 8 373k 06/ 0 0Q00E+00
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DCRT 244-3
Case 8 (Story 1)
Table 58-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc 1n Vapor Spa | %NHzmax 388 % Henry s Law Constant
Variable Variable Vanable
Delta C Delta C Delta C
Time hours| T sec | NH; mole/m®|  %NH, % LFL NHj
0 0100 36 7 079E 02 018 119
00183 66 1272E 01 033 214
00333 120 2231E 01 058 375
00617 222 3 863E 01 101 6 50
01033 372 5 887E 01 153 990
01750 630 8 536E 01 222 14 35
0332 1194 1192E+00 311 2004
0620 2232 1 414E+00 369 2378
1035 3726 1 477E+00 385 24 84
227 8154 1 486E+00 387 2500
335 12080 1 486E+00 387 2500
538 19362 1 486E+00 387 2500
827 20784 1 486E+00 387 25 00
968 34860 1 486E+0Q0 387 2500
109 39300 1 486E+00 387 2500
13 2 47640 1 486E+00 387 2500
166 59580 1 48B6E+00 387 2500
Time to fill from 0% to 80%
676 243444 1 486E+00 387 25 00]at 4gpm
Steady state with
27777 8| 100000000 1 486E+00 387 25 00| continuous addition
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DCRT
Case

244-8
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank 8X 105
Dilution Ratio 01 Correctton Factor for Schumpe Model 6
Recewving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank}

Parameter Units Value Parameter Units Value
NH, pg/ml 11225| |Percent Fill of Recewving Tank % 80
Na*! pg/mi 235679| |Volume of Vapor Space L 15359
A" pg/ml 44040| [Length of Waste Fall ft 31
Fe ® pg/ml 30| |Inside Diameter of Recelving Tank ft 15
cr* pg/ml 338/ |Flow Rate of Waste gpm 4
N2 pg/ml 12| [Total Pressure n Vapor Space atm 4
K ng/mi 3375 |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939] |Total Ventiation Flow Rate for Stack cfm 005
NOs ' ng/ml 164776 {Total Bubbler Flow Rate cth 3
NO, ' pg/mi 142805 | [Temperature of Air in Vapor Space °F 1118
CO,;° pg/mi 14131| [Stream Diameter inches 1
PO,° pg/mi 3266/ |Tortuosity Factor unitless 1
$0,° pgfmi 4194! |Intial Concentration of NHz in the Vapor Phase [mole/m® 0
F' ng/ml 104| |Surface Area of Still Waste m? 16 417
cl' Hg/mi 8998 {Fumigation Divisor at 100 meters unitiess 1
L pgiml 0] [Non Fumigation Divisor at 100 meters unitless 1
Br' ugfml 0| |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitiess 1 468

Taotal Organic Carbon |g/| 3228

Cs 137

pCi/ml

384

Temperature

°F

110
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Table $8-18 {(Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank {SX 105 INPUT DATA |Date 36539 3623 Revision O|NH5
Dilution Ratio [0 1 ug/ml
lon MW ¢l {moles/L) hi hi ¢t 11225
Na*' 2299 10 261362 01143 1171729581 |From Weisenberger & Schumpe (1996) moles/t
Al 2698 163 02174 (0 35486642 0 659103854
Fe ® 5585 000 01161 6 24862E 06
crt 52| 6491E 03 0 0648| 0 000420627!Gas h (T) h{G0)
Ni* 5871 2 041E 04 01654| 3 37609E 05
K? 3909 8 B3BE 02 00922; 0007961423|Ammonia 0 0 0481
OH' 17 Q074 2 41 00839 0201958095 Hydrogsn Q 209 00218
NO, ! 62 0049 2 66 00128| 0034015512 |Methane 0524 00022
NO, 46 0055 310 00795 0246775523
CO, 2 60 0092 024 01423| 0033508286
PO,? 94 9876 003 02119| 0007286383
S0, 2 96 0576 4 366E 02 01117} 0004877295
F* 18| 5 466E 03 0092| 0000502894
ci' 35453| 2 B38E 01 00318| 0008070632
Li*! 6 94 000 0 0754 0
Br' 79 916| O O0OE +00 0 0269 0
Average
2071872705 2 072068917
Mass fraction water in liq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm |]NH3
gmoles/L (hg Jih (G) Kwater/Ksalt  [{moltkgwir at |Henrys K Part P atm
Ammonia 0 659103854 00481; 1983110415| 26 79087387, 8 501969125 | 0 077523671
Hydrogen 2 728E 02 3 212E+01 7 337E 04 1 437E 05| 0 O00E+QQ
Methane 7 407E 03 8 291E+01 1 103E 03 8 373E 06/ 0 QOOE+00
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DCRT
Case
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8 (Story 1)

Table S8-18 (Cont'd) SX-105 Ammonta Calculations for WSU Model Worst Case (99 pages})

Max NH3 Conc Based on
Equii NH3 Cont in Vapor Spa | %NHipmax 775 % Henry s Law Constant
Variable Vanabhle Varnable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NHa. % LFL NH;
00100 36 1 416E 01 037 238
00183 66 2 544E 01 0 66 428
00333 120 4 463E 01 116 7 51
00617 222 7 728E 01 201 12 99
01033 372 1177E+00 307 19 80
01750 830 1707E+00 445 28 71
0332 1194 2 384E+00 6 21 40 09
0620 2232 2 829E+00 737 47 57
1035 3726 2 954E+00 770 49 68
227 8154 2 973E+00 775 50 00
335 12060 2 973E+00 775 50 00
538 19362 2 973E+00 775 50 00
827 28784 2 973E+Q0 775 50 00
968 34860 2 973E+00 775 50 00
109 39300 2 973E+00 775 50 00
132 47640 2 973E+00 775 50 00
166 59580 2 973E+00 775 50 00
Time to fili from 0% to 80%
676 243444 2 973E+00 775 50 00 [at 4gpm
Steady state with
27777 8| 100000000 2 973E+00 775 50 00}continuous addition
L
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DCRT 244 8
Case 8 (Story 1)

Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Recelving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Recewving Tank)
Parameter Units Value Parameter Units Value
NH3 pgfmt 22451| |Percent Fill of Recetving Tank % 80
Na ' pg/mi 235679 |Volume of Vapor Space L 15359
Al ng/mi 44040; {Length of Waste Fail ft 31
Fe™ pg/mi 30| |inside Diameter of Receiving Tank ft 15
cr? pg/mi 338| [Flow Rate of Waste gpm 4
NI 2 ug/mi 12| |Total Pressure in Vapor Space atm 1
K ng/mi 3375 |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939/ |Total Ventilation Flow Rate for Stack cfm 005
NO3 | pg/ml 164776 | |Total Bubbler Flow Rate cth 3
NO, ' pg/ml 142805/ {Temperature of Air In Vapor Space F 1118
CO;° pg/ml 14131| |Stream Diameter inches 1
PO,* ng/mi 3268 | | Tortuosity Factor unitiess 1
S0,° ngimi 4194] |Inial Concentration of NH; in the Vapor Phase {mole/m® 0
F! pg/mi 104 | |Surface Area of Still Waste m?2 16 417
crt ug/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L pa/mi 0! iNon Fumigation Divisor at 100 meters unitless 1
Br' pa/mi 0} [Correction Factor for Schumpe Mode! unitiess B
%H,0 % 42 87
Specific Gravity unitiess 1468
Total Organic Carbon |g/] 3228
Cs 137 pCi/mi 384
Temperature °F 110
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Table §8-18 {Contd) SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36251 Revision O[NH,
Difutron Ratio |0 1 ug/mi
lon MW ¢l {moles/L) hi hi ci 22451
Na’ 2289 10 261362 01143| 1 171729581|From Weisenberger & Schumpe {1996) moles/L
Al® 26 98 163 02174 0 35486642 1 318266425
Fe™ 55 86 0 00 01161] 6 24862E 05
cr? 52) 6 491E 03 00648| 0000420827|Gas h(T) h (G 0}
N2 5871 2 041E 04 01654] 3 37609E 05
K 3909| 8 B3BE Q2 00922 0007961423|Ammonia 0 0 0481
OH'’ 17 0074 241 00839] 0 201958095|Hydrogen 0299 00218
NO, f 62 0049 268 00128| 0 034015512|Methane 0524 00022
NO, T 46 0055 310 00795| 0246775523
CO,° 60 0092 024 01423] 0033508286
PO, " 94 9676 003 02118 0007286383
S0y 2 96 0576; 4 366E 02 01117 0004877295
F! 19| & 466E 03 0082] 0000502894
cl’ 35 453| 2 B38E O1 00318 0008070632
L' 6 94 0 00 00754 0
Br! 79 916] 0 0O0E +00 00269 0
Average
2071872705 2 072068917
Mass fraction water in Iig 043 Temperature
Liguid density (kg/m3) 14868 Q00 deg F
T(C) 43 _ 110
Temperature
deg C
43 33333333
PNL 10785
Schumpe Schumpe pure water K |mol/L{hq) atm [NH3
amoles/L (lig )|h (G} Kwater/Ksalt  |(molfkgwir at |Henry s K Part P atm
Ammonia 1 318266425 00481| 1983110415] 26 79087387 | 8 501969125 | 0 155054247
Hydrogen 2 728E 02 3 212E+01 7337E 04| 1437E05; 0 0Q00E+00
Methane 7 407E 03 8 2 E+(1 1 103E 03] B373E 08| 0O OD0E+00
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DCRT 244 8
Case 8 {Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Caiculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equl NH3 Conc in Vapor Spa | %NHzway 15 51 % Henrys Law Constant
Vanable Varnable Varniable
Delta C Delta C Deita C
Time hours| T sec NH; mole/m®|  %NH, % LFL NH,
0 0100 36 2 832E 01 074 476
00183 66 5 0B9E 01 133 8 56
00333 120 8 927E 01 233 1501
00817 222 1 545E+00 403 2598
01033 372 2 355E+00 614 3960
01750 630 3 415E+00 8 90 57 42
0332 1194 4 768E+00 12 43 80 18
0620 2232 5 658E+00 1475 95 14
1035 3726 5 908E+00 15 40 99 36
227 8154 5 946E+00 15 50 100 00
335 12060 5 946E+00 15 50 100 00
538 19362 5 946E+00 15 50 100 00
827 29784 5 94BE+00 15 50 100 00
968 34860 5 946E+00 15 50 100 00
109 39300 5 946E+Q0 15 50 100 00
132 47640 5 946E+Q0 15 50 100 00
166 59580 5 946E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 5 946E+00 15 50 100 00 |at 4gpm
Steady state with
27777 8| 100000000 5 946E+00 15 50 100 00 {contnuous addition
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Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 8

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receving Tank)
Parameter Units Value Parameter Unis Value
NH; pgiml 4455/( |Percent Fill of Receving Tank % 80
Na ' pug/mi 235679 |Volume of Vapor Space L 15359
Al ug/mt 44040! {Length of Waste Fall ft 31
Fe ug/ml 30| |inside Diameter of Recewving Tank ft 15
cr*® pg/ml 338| |Flow Rate of Waste gpm 4
Ni 2 pg/mi 12| [Total Pressure in Vapor Space atm i
K png/mi 3375 |Ventiiation Flow Rate for Receiving Tank cfm 005
OH'’ pa/mi 40939] i Total Ventilation Flow Rate for Stack cfm 005
NO, * pg/mi 164776/ |Total Bubbler Flow Rate cfh 3
NO, pg/mi 142805 | |Temperature of Air in Vapor Space °F 1218
CO,z* ug/mi 14131] [Stream Diameter Inches 1
PO, * pg/mi 3266| |Tortuosity Factor unitless 1
S04° pg/mi 4194/ (Inttial Concentration of NH; In the Vapor Phase |mole/m® 0
F ngiml 104! |Surface Area of Still Waste m? 16 417
ct’ pg/ml 8998| |Fumigation Divisor at 100 meters unitiess 1
Lt pg/mi 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0j |Correction Factor for Schumpe Model unitless 8
%H,0 % 42 87
Specific Gravity unitiess 1468
Total Organic Carbon jgfi 3228
Cs 137 pCrml 384
Temperature °F 120
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Table S8-18 (Cont d) SX-105 Ammonta Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36277 Revision O[NHs
Dilution Ratio [0 1 ug/mi
ton MW ¢l {molas/l.) ht hi i 4455
Na*! 2299] 10 261362 01143 1171729581 [From Waisenherger & Schumpe (1996) moles/l.
AP 26 98 1863 02174 0 35486642 0 261586428
Fo" 55 85 0 00 01161| 6 24862E 05
cr 52| 6 491E 03 00B48| 0 000420827 |Gas h(T) h (G 0)
N2 5871| 2 041E 04 0 1654| 3 37609E 05
K 3909 8 636E 02 00922] 0007961423 [Ammonia 0 0 0481
oH' 17 0074 2 41 0 0839| 0 201958095{Hydrogen -0 299 00218
NQO3 i 62 0049 2 66 00128 O 034015512 Mathane 0524 00022
NO, ' 46 0055 310 00795 0246775523
cost 60 0092 024 01423 0033508286
PO, 3 94 9676 003 02119 0007286383
SO,° 96 0576; 4 366E 02 01117 0004877295
F! 19| B 466E 03 0092| 0000502894
cl' 35453| 2 B38E 01 00318] 0008070632
L’ 694 000 00754 0
Br’ 79 916 O OOOE + 00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density {(kg/m3) 1468 000 deg F
T(C) 49 120
Temperature
deg G
48 88888889
PNL 10785
Schumpe Schumpe pure water K _|mol/L{lig) atm |[NH3
gmoles/L {kg )b (G} Kwaler/Ksalt  |(molfkgwtr at IHenrys K Part P atm
Ammonia 0 261586429 00481 1983110415] 21 2653246| 6 748459719 003876239
Hydrogen 2 BO4E 02 2 968E+01 7 283E 04 1 544E-05{ 0 O0DE+Q0
Methane 1 032E 02 7 216E+01 1 C44E 03 9105E 05| 0 GOOE+O0
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Table §8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equl NH3 Conc in Vapor Spa YoNHaimax) 388 % Henry s Law Constant
Vanable Variable Vanable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®|  %NH, % LFL NH,
00100 36 6 112E 02 016 105
Q0183 66 1 101E 01 029 188
00333 120 1 940F 01 0 51 332
00617 222 3 384E 01 0 90 579
01033 372 5215E 01 138 8 92
01750 630 7 694E 01 204 13 16
0332 1194 1 107E+00 294 18 94
0620 2232 1 358E+00 360 2323
1035 3726 1 443E+00 383 2470
227 8154 1 461E+00 387 T 2500
335 12060 1461E+00 387 2500
538 19362 1 461E+00 387 2500
827 29784 1 461E+00 387 2500
968 34860 1 461E+00 387 2500
109 39300 1 461E+00 387 2500
132 47640 1 461E+00 387 2500
16 6 59580 1 461E+00 387 2500
Time to fill from 0% to 80%
67 6| 243444 1 461E+00 387 25 00|at 4gpm
Steady state with
27777 8| 100000000 1 481E+00 3 87 25 00| continuous addition
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Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

tnput Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank 8X 105
Dilution Ratio Q1 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Characternistics (Receving Tank)

Parameter Units Value Parameter Units Value
NH, pg/mi 8911| |Percent Fill of Recewing Tank % 80
Na™ pg/mi 235679| |Volume of Vapor Space L 15359
A2 pgfmi 44040; iLength of VWaste Fall ft 31
Fe ® pg/mi 30| |Inside Diameter of Recelving Tank ft 15
crd png/mi 338] |[Flow Rate of Waste gpm 4
NIt pg/ml 12| |Total Pressure in Vapor Space atm 1
K pa/mi 3375| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/ml 40939 | Total Ventilation Flow Rate for Stack cfm 005
NO; ! ug/mi 164776 |Total Bubbler Flow Rate cfh 3
NO, ng/ml 142805| | Temperature of Air in Vapor Space °F 1218
COo,° pg/mi 14131/ |Stream Diameter inches 1
PO,* no/mi 3266 |Tortuosity Factor unitless 1
S0, * pg/mi 4194| {Inhal Concentration of NHj in the Vapor Phase {mole/m® 0
F' pgfmi 104| |Surface Area of Still Waste m? 16 417
cl! pgiml 8998 (Fumigation Divisor at 100 meters unitless 1
Lt ug/ml 0] |Non Fumigation Divisor at 100 meters unitiess 1
Br' ng/ml 0| [Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/l 3228

Cs 137 pCi/ml 384

Temperature °F 120
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Table §8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36309 Revision O[NH,
Dilution Ratio |0 1 ug/mi
lon MW ¢l (moles/L) hi hi ¢t 8911
Na ! 2299| 10 251362 01143[ 1 171729581 [From Weisenberger & Schumpe (1996) moles/L
Al 26 98 163 02174 0 35486642 0523231576
Fe® 56 85 000 01161 6 24862E 05
cr® 52| 6 491E 03 00648| 0000420627|Gas h(T) h(G0)
N2 5871 2041E04 01654 3 37609E 05
K 3009| 8 63BE 02 00922| 0007961423 Ammonia 0 0 0481
OH' 17 0074 2 41 00838| 0201958095 |Hydrogen 0 299 00218
NO, T 62 0049 2 66 00128; 0034015512 |Methane 0524 0 0022
NO, " 46 0055 310 00795 0246775523
CO;° 60 0092 0 24 01423} 0033508286
PO,? 94 9676 003 02118| 0007286383
80,7 96 0576 4 366E 02 04117 0004877295
F 19| B 466E 03 0092] 0000502894
cl’ 35 453| 2 538E 01 00318 0008070632
L'’ 694 0 00 0 0754 0
Br' 79 916| O 0OOE + 00 0 0269 0
Average
20 71872705 2 072068817
Mass fraction water In lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 49 120
Temperature
deg C
48 88888889
PNI. 10785
Schumpe Schumpe pure water K _[mol/L({lkg) atm [NH3
gmoles/L (g )[h (G) Kwater/Ksalt  [(molikgwir at |Henrys K Part P atm
Ammonia 0 523231576 00481| 1983110415| 21 2653246 6 748459719 | 0 077533481
Hydrogen 2 894E 02 2 988E£+01 7 283E 04 1 544E 05 0 Q00E+00
Methane 1 032E 02 7 218E+01 1044E 03| 910SE 06) 0O O0QE+00
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Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vaper Spa | %NHsua 775 % Henry s Law Constant
Variable Vanable Variable
Delta C Delta C DeltaC
Time hours| T sec NH; mole/m®|  %NH, % LFL NHa
0 0100 36 1222E 01 032 209
00183 66 2 202E 01 0 58 377
0 0333 120 3 880E 01 103 6 64
0 0617 222 6 770E 01 180 11 58
01033 372 1 043E+00 277 17 85
01750 630 1 539E+00 408 26 33
0332 1194 2 214E+Q0 587 37 88
0620 2232 2 716E+00C 720 46 47
1035 3726 2 887E+00 766 49 40
227 8154 2 922E+00 775 50 00
335 12060 2 922E+00 775 50 00
538 19362 2 922E+00 775 50 00
827 29784 2 922E+00 775 50 00
968 34860 2 922E+Q0 775 50 00
109 39300 2 922E+00 775 50 00
132 47640 2 922E+00 775 50 00
166 59580 2 922E+0D 775 50 00
Time to fill from 0% to 80%
67 6] 243444 2 922E+00 775 50 00 |at 4gpm
Steady state with
27777 8| 100000000 2 922E+00 775 50 00| continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value

NH3 pg/mi 17822| |Percent Fill of Receving Tank % 80
Na ug/mi 235679] |Volume of Vapor Space L 15359
Al pg/mi 44040| |Length of Waste Fall ft 31
Fe pg/mi 30| |Inside Diameter of Recewving Tank ft 15
cr ug/mi 338| |Flow Rate of Waste gpm 4
Ni*2 pg/mi 12| [Total Pressure in Vapor Space atm 1
K pgimi 33751 iVentilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939 | Total Ventiiation Flow Rate for Stack ofm 005
NO, ' pg/ml 164776 | | Total Bubbler Flow Rate cfh 3
NG, ng/mi 142805 | | Temperature of Air in Vapor Space °F 1218
C0,2 pg/mi 14131| |Stream Diameter inches 1
PO,” ug/mi 3266 [Tortuosity Factor unitless 1
S0,° pgiml 4194/ |Initral Concentration of NH; In the Vapor Phase [mole/m” 0
F pug/mi 104 | |Surface Area of Still Waste m? 16 417
ci ngfml 8998 |Fumigation Divisor at 100 meters unitiess 1
L pg/mil 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0| |Correction Factor for Schumpe Model unitless 5]
%HO % 42 87

Specific Gravity unitiess 1468

Total Organic Carbon |g/l 3228

Cs 137

pCi/ml

384

Temperature

°F

120
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Table 88 18 {Contd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank SX 105 INPUT DATA |Date 36530 36327 Rewviston O{NH,
Dilution Ratio |0 1 ug/ml
lon MwW ¢l {moles/L} a1l hi*el 17822
Na ' 2299] 10 261362 01143] 1171729581 |From Weisenberger & Schumpe (1996) moles/L
Al 26 98 163 02174 0 35486642 1 046463152
Fe* 55 85 0 00 01161] 6 24862E 05
crd 52| 6 491E 03 00648 0000420627 [Gas h({T) h (G 0)
Ni*? 5871 2 041E 04 0 1654| 3 3760%E 05
K 3909 8 636E 02 00922| 0007961423|Ammonia 0 0 0481
CH' 17 0074 241 00839| 0 201958085|Hydrogen 0299 00218
NO; f 62 0049 2 66 00128] 0 034015512|Methane 0524 00022
NO, T 46 0055 310 00795] 0246775523
CO,° 60 0092 0 24 01423| 0033508286
PO,° 94 9676 003 02119| 0007286383
80,2 96 0576] 4 366E 02 01117 0004877295
g 19 5 466E 03 0092| 0000502894
cl’ 354531 2 B38E M 00318] 0008070632
L+ 694 0 00 00754 0
Br' 79 916| 0 OCOE +00 00269 0
Average
20 71872705 2 07208817
Mass fraction water in Iiq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 49 120
Temperature
deg C
48 88888889
PNL 10785
Schumpe Schumpe pure water K_[mol/L{lq) atm [NH3
gmoles/L (g )|h (G} Kwater/Ksalt  [(molfkgwtr at [Hernrys K Part P atm
Ammonia 1 046483152 004811 1983110415; 21 2653246| 6 748459719 | 0 155066963
Hydrogen 2 894E 02 2 968E+(1 7 283E 04 1 544E 05| 0 Q00E+00Q
Methane 1 032E 02 7 216E+01 1044E 03| 9 105E 08¢ 0 O0QE+Q0
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Table S$8-18 (Cont d) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages

Max NH3 Conc Based on
Equil NH3 Cone in Vapor Spa | %NHamaq 15 51 % Henry s Law Constant
Variabie Variable Varnable
Delta C Deita C DeltaC
Time hours| T sec NH; molefm® %NH, % LFL NHs
00100 36 2 445E 01 065 418
00183 66 4 404E 01 117 7 54
00333 120 7 759E 01 206 13 28
00617 222 1 354E+00 359 2317
01033 372 2 086E+00 553 3570
0 1750 630 3 07BE+QQ 816 52 66
0332 1194 4 428E+00 1174 7577
0620 2232 5 431E+00 14 40 92 93
1035 3726 5 774E+00 15 31 98 80
227 8154 5 844E+00 15 50 99 99
335 12060 5 844E+00 15 50 100 00
538 19362 5 844E+00 15 50 100 00
827 29784 5 844E+Q0 15 50 100 00
968 34860 5 844E+00 15 50 100 00
109 39300 5 844E+00 15 50 100 00
132 47640 5 844E+00 15 50 100 00
166 59580 5 844E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 5 844E+00 15 50 100 00 at 4gpm
Steady state with
27777 8] 100000000 5 844E+00 16 50 100 00| continuous addition
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Table 58-18 (Contd) SX-105 Ammoma Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5
Source Tank SX 105
Dilution Ratio 01 Cotrection Factor for Schumpe Model 6
Recetving Tank 244 S

Ligquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NHg ug/ml 3563 |Percent Fiil of Receving Tank % 80
Na*' pg/ml 235679] |Volume of Vapor Space L 15359
A? pg/mi 440401 [Length of Waste Fall ft 31
Fe*® png/ml 30| |Inside Drameter of Recetving Tank ft 15
cr ug/mi 338| |Flow Rate of Waste gpm 4
Ni*2 pa/mil 12} [Total Pressure in Vapor Space atm 1
K' pg/ml 3375| |Ventiation Flow Rate for Receving Tank cfm 005
OH' pg/mi 40939/ |Total Ventilation Flow Rate for Stack cftm 005
NO; ug/ml 164776 | Total Bubbler Flow Rate cth 3
NO, ng/mil 142805| {Temperature of Air in Vapor Space °F 1318
CO5* ng/mi 14131 [Stream Diameter inches 1
PO, pg/ml 3266 | |Tortuosity Factor unitiess 1
80, * ug/mil 4194] !Initial Concentration of NH; in the Vapor Phase {mole/m® 0
F pg/ml 104| |Surface Area of Still Waste m? 16 417
cl! ng/mi 8998| |[Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi Q] |Correction Factor for Schumpe Model unitiess 6
%H,0 % 42 87

Specific Gravity unitless 1468

Total Crganic Carbon |gf 3228

Cs 137 pCr/mi 384

Temperature °F 130
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Table $8-18 (Contd) SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA [Date 36539 36355 Revision Of{NH;
Dilution Ratio |0 1 ug/ml
lon MW c1 {molas/L} hi hi ¢l 3563
Na*' 2299] 10 251352 01143 1171729581 |From Waisenberger & Schumpe (1996) moles/L
AR 26 98 163 02174 0 35486642 0 209210426
Fe® 55 85 Q00 01161 6 24862E 05
cr? 52| 6 491E 03 00848 0000420627|Gas h (T} h (G Q)
Ni*? 5871| 2 041E 04 01654] 3 37609E 05
K' 3908| 8 B3BE Q2 00922 0007961423|Ammonia 0 0 0481
oH' 17 0074 2 41 00839| 0201958095 Hydrogen 0298 00218
NO, ' 62 0049 2 66 00128 0034015512 (Methane 0524 00022
NO,* 46 0055 310 00795 0246775523
CO,° 80 0092 024 01423 0033508286
PO, 3 94 9676 003 02119 0007285383
80,2 96 0576 4 366F 02 C1117) 0004877295
F! 19| B 4686E 03 0092| 0000502894
K 35453] 2 B38E 01 00318| 0008070632
L 694 0 00 00754 0
Br 79 916| 0 OOOE +00 0 0269 0
Average
20 71872705 2 072088917
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 54 130
Temperature
deg C
54 44444444
PNL 10785
Schumpe Schumpe pure water K [mol/L{lig) atm |NH3
gmoles/i_ (Ig }th {G) Kwater/Ksalt  |(mol/kgwir at |Henry s K Part P atm
Ammonia 0 209210426 D0481| 1983110415] 17 00210138 5 395544084 | 0 038774667
Hydrogen 3 060E 02 2 742E+01 7 267E 04 1 668E 05| 0 000E+00
Methane 1 323E 02 6 280E+01 9973E 04] 9 984E 08| 0 O00E+00
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Case 8 (Story 1)
Table $8-18 (Cont'd) $X-105 Ammeonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHamay 3 BB % Henrys Law Constant
Variable Vanable Vanable
Delfa C Delta C Dejta C
Time hours| T sec | NH, molefm®|  %NH, % LFL NH;
00100 35 5 259E Q2 014 Q92
00183 66 9 494E 02 026 165
00333 120 1679E 01 045 292
0 0617 222 2 952E 01 0 80 514
01033 372 4 594E 01 124 8 00
0 1750 630 6 886E 01 186 1199
0332 1194 1 020E+00 275 1775
0820 2232 1 284E+00 349 22 53
1035 3726 1 406E+Q0 379 24 48
227 8154 1 436E+00 387 2500
335 12060 1 437E+00 388 2500
538 19362 1 437E+00 388 25 00
827 29784 1 437E+00 388 2500
968 348860 1 437E+00 388 2500
109 39300 1 437E+00 388 2500
132 47640 1 437E+00 388 2500
166 59580 1 437E+00 388 25 00
Time to fill from 0% to 80%
87 6| 243444 1 437E+00 388 25 00|at 4gpm
Steady stafe with
27777 8] 100000000 1 437E+00 388 25 00 [continuous addition
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Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K ¢alculation and the Dynamic Spreadsheet

244-S
Source Tahk SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Characternstics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH. pug/mi 7125] Percent Fill of Receving Tank % 80
Na™! pg/mi 235679| |Volume of Vapor Space L 15359
Al pa/ml 44040( |Length of Waste Fall ft 31
Fe* pg/ml 30| |inside Diameter of Receiving Tank ft 15
cr pg/ml 338! |Flow Rate of Waste gpm 4
N2 pafml 12| Total Pressure wn Vapor Space atm 1
K™ pg/mil 3375| [Ventilation Flow Rate for Receiving Tank cfm 05
OH' ng/ml 40939 [Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/ml 164776 |Total Bubbler Flow Rate cfh 3
NO, ' ug/ml 142805| |Temperature of Air in Vapor Space °F 1318
CO,° ug/mi 14131| |Stream Diameter inches 1
PO, " ng/mi 3266/ |Tortuosity Factor unttless 1
S0,2 pg/ml 4194/ {Inbal Concentration of NH; in the Vapor Phase [mole/m® 0
£ pg/mi 104| [Surface Area of Still Waste m? 16 417
cl! pg/ml 8998| |Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| [Non Fumigation Divisor at 100 meters unitiess 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitiess 14688

Total Crganic Carbon |g/l 3228

Cs 137

pCumi

384

Temperature

°F

130
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Table §8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36381 Revision O[NH;

Dilution Ratio {01 ug/mi

lon MW ¢1 {moles/L) hi hi ci 7125

Na ' 2299} 10 251362 01143 1 171729581 |From Weisenberger & Schumps (1996) moles/L

AP 26 98 163 02174 0 35486642 0 418362134

Fe" 55 85 O 00 011861 6 24862E 05

cr* 52| 6 491E 03 00648 0000420627iGas h (T) h (G 0)

NI 5871 2 041E 04 01654| 3 37609F 05

K1 3908] 8 638E 02 00922; 0007961423|Ammonia 0 0 0481

oH' 17 0074 2 41 00839] 0 201958005[Hydrogen 0299 00218

NO5 1 62 0042 2 66 00128| 0 034015512|Methane 0524 00022

NO, ' 45 0055 310 D0795] 0 246775523

CO;° 60 0092 C 24 01423 0033508286

PO,° 94 9678 003 02119 0007286383

80,° 950576 4 366E 02 01117 0004877295

F! 19| b 466E 03 0092 0000502894

cl’ 35 453] 2 G38E 01 00318 0008070632

Le" 694 000 00754 0

Br' 79 916| O OOOE + 00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water 1n hg 043 Temperature

Liguid density (ka/m3) 1468 000 deg F

T(C) 54 130
Temperature
deg C
54 44444444

PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm |[NH3
gmoles/L (g )lh (G) Kwater/Ksalt  {(mollkgwir at [Henrys K Part P atm

Ammania 0 418362134 00481| 1983110415] 17 00210138| 5 395544084 | 0 077538452

Hydrogen 3 0BOE 02 2 742E+01 7 267E 04 1 668E 05| 0 000E+HIQ

Methane 1 323E 02 6 280E+01 9 973E 04 9 994E 06| 0 000E+00
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DCRT 2448
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHgmax 775 % Henrys Law Constant
Varnable Variable Variable
DeltaC DeltaC Delta C
Time hours| T sec NH3; moleim®|  %NH, % LFL NH,
0 0100 36 1 052E 01 028 183
00183 66 1 899E 01 0 51 330
0 0333 120 3 358E 01 091 584
0 0617 222 5 902E 01 159 10 27
01033 372 9 187E 01 248 1599
01750 630 1 377E+00 371 2397
0332 1194 2 039E+00 5 50 3549
0620 2232 2 588E+00 698 45 05
1035 3726 2 812E+00 7 59 48 95
227 8154 2 872E+00 775 49 99
335 120860 2 873E+Q0 775 50 00
538 19362 2 873E+00 175 50 00
827 29784 2 873E+00 775 50 00
868 34860 2 873E+0Q0 775 50 00
109 39300 2 873E+00 775 50 00
132 47640 2 873E+00 775 50 00
166 58580 2 873E+00 775 50 00
Time to fill from 0% to 80%
67 6] 243444 2 873E+00 775 50 00]at 4gpm
Steady state with
27777 8| 100000000 2 873E+00 775 50 00 |continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Duution Ratio Q1 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics {Receving Tank)
Parameter Units Vailye Parameter Units Value
NH3 Hgfimi 142501 {Percent Filt of Receving Tank % 80
Na*’ pg/mi 235679 |Volume of Vapor Space L 15359
Al® ug/mi 44040/ |Length of Waste Fall ft 31
Fe? ug/mi 30/ |Inside Diameter of Receiving Tank ft 15
cr ng/mi 338) iFlow Rate of Waste apm 4
Ni*2 pg/mil 12| |Total Pressure in Vapor Space atm 1
K ng/mli 3375/ |Ventilation Flow Rate for Recelving Tank cfm 005
OH' pg/ml 40939 |Total Ventilation Flow Rate for Stack cfm 005
NO; ' ng/mi 164776 |Total Bubbler Flow Rate cfh 3
NO, ng/ml 142805| | Temperature of Air in Vapor Space °F 1318
CO,° pno/mi 14131| |Stream Diameter inches 1
PO,* ug/mi 3266| |Tortuosity Factor unitiess 1
80,° ng/mi 4194/ (Initial Concentration of NH; in the Vapor Phase |mole/m” 0
F' pa/m 1041 {Surface Area of Still Waste m? 16 417
ci' ug/ml 8998 |Fumigation Divisar at 100 meters unitless 1
L pg/mil 0| [Non Fumigation Divisor at 100 meters unitless 9
Br' pg/mi 0f [Correction Factor for Schumpe Model unitiess 6
%H,0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |gA 3228
Cs 137 pCimi 384
Temperature °F 130
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Table $8-18 {Cont'd) S$X 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36395 Rewvision O|NH;
Dilution Ratio |0 1 ug/mi
lon MW ¢l (moles/L) hi hici 14260
Na*! 2299 10 261362 0 1143} 1171729581 [From Waeisenberger & Schumpe (1996) moles/L
Al 26 98 163 02174| 035486642 0 836724269
Fe* 55 85 0 00 01161] ©24882E 05
cr® 52| 6491E 03 00648 0000420827 |Gas h(T) h{G0)
Ni*? 5871] 2 041E 04 01654| 3 37609E 05
K" 3909 8 635F 02 00922| 0007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00839| 0 201958095!Hydrogen -0 299 00218
NO, T 62 0049 2 66 00128| 0 034015512|Methane 0524 Q0022
NO, ' 46 0055 310 00795| 0248775523
COy° 60 0092 024 01423 0033508286
PO,* 94 9676 003 02119 0007285383
80,7 96 0576| 4 366E 02 01117{ 0004877295
Fi 19| B 466F 03 0092| 0000502894
cl’ 35453 2 B38E 01 00318; 0008070632
L+ 6 94 0 00 00754 0
Br' 79916( 0 QOOE + 00 0 0269 0
Average
20 71872705 2 072088917
Mass fraction water n iig 043 Temperature
Liguid density (kg/m3}) 1468 000 deg F
T(C) 54 130
Temperature
deg C
54 44444444
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm [NH3
gmeoles/L (g )|h (G} Kwater/Ksalt  [(molfkgwtr at {Henrys K Part P atm
Ammonia 0 836724269 Q0481 1983110415] 17 00210138| 5 395544084 | 0 155076903
Hydrogen 3 0BOE 02 2742E+01| 7267E 04| 1668BE 05 0 O0D0E+00
Methane 1 323E 02 6 280E+01| OO73E 04] 9 994F 08 0 OOOE+00
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DCRT 244-S
Case § (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Cone 1n Vapor Spa ;| %NHamax 15 51 % Henry s Law Constant
Vanable Varable Variable
Delta C Delta C DeltaC
Time hours| T sec NH; mole/m®|  %NH, % LFL. NH,
0 0100 36 2 103E 01 057 366
00183 66 3 787E 01 102 6 61
0 0333 120 6 716k 01 181 11 69
00617 222 1 180E+00 318 20 55
01033 372 1 837400 4 96 3198
01750 630 2 754E+00 743 47 93
0332 1194 4 078E+00 11 00 70 97
0620 2232 5177E+00 13 96 90 10
1035 3726 5 624E+00 1517 97 89
227 8154 5 744E+00 15 50 99 98
335 12060 5 745E+00 15 50 100 00
538 19362 5 748E+00 15 50 100 00
827 29784 5 746E+00 15 50 100 00
968 34860 5 746E+00 15 50 100 00
109 39300 5 746E+00 15 50 100 00
132 47640 5 746E+00 15 50 100 00
16 8 58580 5 746E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 5 746E+00 15 50 100 00|at 4gpm
Steady state with
27777 81 100000000 5 746F+00 15 50 100 00 [continuous addition
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Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S

Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liguid Waste Charactenistics {Source Tank) Tank Characteristics {Receiving Tank)
Parameter Units Value Parameter Units Value
NH,3 Hg/mil 2868 | |Percent Fill of Recewving Tank % 80
Na*' pg/ml 235672 Volume of Vapor Space L 15359
Al® pgimil 44040| [Length of Waste Falt ft 31
Fe® pg/ml 30| |inside Diameter of Receving Tank ft 15
cr® pg/ml 338| |Flow Rate of Waste gpm 4
Ni 2 pug/mi 12| | Total Pressure in Vapor Space atm 1
K pg/ml 33754 |Ventilation Flow Rate for Receving Tank cfm 005
OH' pgiml 40939( |Total Ventilation Flow Rate for Stack cfm 005
NO, Hg/ml 164776/ |Total Bubbler Flow Rate cfh 3
NO, ! pg/mi 142805/ | Temperature of Air In Vapor Space F 1418
CO,° pg/mi 14131| |Stream Diameter inches 1
PO,* ng/mi 3266| |Tortuosity Factor unitless 1
80,° ugfiml 41941 rInthial Concentration of NHg In the Vapor Phase |mole/m® 0
F' ug/mi 104/ [Surface Area of Still Waste m? 16 417
o’ pg/ml 8998| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0} {Non Fumigation Divisor at 100 meters unitless 1
Br' Hg/mi 0| [Correction Factor for Schumpe Model unitless ]
%H,0 % 42 87
Specific Gravity unitless 1468
Total Organic Carbon |g/l 3228
Cs 137 pCimi 384
Temperature °F 140
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Table $8-18 (Cont'd) S$X-105 Ammomia Calcutations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36425 Rewvision O|NH;
Dilution Ratie |0 1 ug/mil
lon M W ¢l {moles/L} hi hi ¢l 2868
Na*' 2299| 10 2513862 0 1143] 1171729581 |From Weisenberger & Schumpe (1898) moles/L
I 26 98 163 02174 0 35486642 0 168401769
Fe* 55 85 0 00 01161] 6 24862E 05
cr® 52| 6 491E 03 00648] 0000420627 |Gas h(T) h (G 0)
N2 5871| 2 041E04 01654| 3 37609E 05
K" 3909 8 636E 02 00822 0007961423|Ammonia 0 0 0481
OH' 17 0074 241 00839| 0201958085|Hydrogen 0 299 00218
NO, ' 62 0049 2 66 00128] 0034015512|Methane 0524 0 0022
NG, * 46 00565 310 00795{ 0246775523
CO,° 60 0092 024 01423| 0033508286
Po,? 94 9676 C 03 02118| 0007286383
$0,° 96 0576} 4 366E 02 01117 0004877295
F! 19| B 466E 03 0092] 0000502804
cl' 35453| 2 B38E 01 00318 0008070632
L 6 94 0 00 0 0754 0
Br’ 79 916| O OOOE +00 0 0269 0
Average
2071872705 2 072068917
Mass fraction water In g 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T{C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K {mol/L{liqg) atm |[NH3
gmoles/L (Iiq )|h (G} Kwater/Ksalt  [(mollkgwtr at |Henrys K Part P atm
Ammonia 0 1684017698 0481 1983110415 13 68741 4 343640064 | 0 038769726
Hydrogen 3227E 02 2 533E+01 7 285E 04 1 810E 05; 0 000E+Q00
Methane 1 614E 02 5 488E+01 9 609E 04 1 106E 05f 0 000E+Q0
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DCRT 2448
Case 8 (Story 1)
Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based cn
Equl NH3 Cenc in Vapor Spa | %NHjmax 388 % Henry s Law Constant
Variable Vanable Variable
Delta C Delta C Delta C
Time hours| T sec | NH; mole/m®|  %NH, % LFL NH,
00100 38 4 513E 02 012 080
00183 66 8 1683E 02 022 144
0 0333 120 1 449E 01 0 40 256
00617 222 2 563E 01 070 454
01033 372 4 026E 01 110 713
0 1750 630 6 123E 01 168 10 84
0332 1194 9 313E 01 256 16 48
0620 2232 1 224E+00 336 21 66
1035 3726 1 383E+00 374 2413
227 8154 1 412E+400 387 24 98
335 12060 1412E+00 387 2500
538 19362 1 412E+00 387 2500
827 29784 1412E+00 387 2500
968 34860 1 412E+00 387 2500
108 39300 1412E+00 387 2500
132 47640 1 412E+00 387 2500
16 6 59580 1 412E+00 387 2500
Time to fill from 0% to 80%
67 8| 243444 1412E+00 387 25 00|at 4gpm
Steady state with
27777 8] 100000000 1 412E+00 387 25 00| continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-5
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 8
Receving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Characternstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH3 pgimi 5736| |Percent Fill of Receving Tank % 80
Na*! pg/mi 235679 |Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe ¥ pg/mi 30| |Inside Diameter of Receiving Tank ft 15
cr?3 ug/mi 338/ [Flow Rate of Waste gpm 4
Ni*2 pg/ml 12/ {Total Pressure in Vapor Space atm 1
K" pg/ml 3375| |Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/ml 40939| | Total Ventilation Fiow Rate for Stack cfm 005
NO; ug/mi 164776 | |Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 142805( | Temperature of Air In Vapor Space °F 1418
CO;° ng/mi 14131| |Stream Diameter inches 1
PO,° pg/mi 3266| | Tortuosity Factor unitless 1
S0, ° pg/mi 4194| {Inthial Concentration of NH; In the Vapor Phase jmole/m” 0
F' pg/ml 104 | |Surface Area of Still Waste m* 16 417
ct! pg/mi 8998| |Fumigation Divisor at 100 meters unitiess 1
L pg/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0} |Correction Factor for Schumpe Model unitless 5}
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon ig/l 3228

Cs 137

pCimi

384

Temperature

°F

140
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Table S8-18 (Contd) SX-105 Ammonta Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36532 36456 Revision 0{NH;3
Dilution Ratio [0 1 ug/mi
lon MW ¢t {moles/L} hi hi*el 5736
Na™ 22899 10 251362 01143| 1171729581 [From Weisenberger & Schumpe (1996) moles/L
A 26 98 163 02174 0 35486642 ( 336803537
Fe* 55 85 0 00 0 1161 6 24862E 05
cr® 52| 6 491E 03 0 0648] 0000420827 [Gas h(T) h (G 0)
Ni 2 58711 2 041E 04 01654 3 3760%E 05
K 3909; 8 B36E 02 00922( 0 007961423]Ammonia 0 00481
oH' 17 0074 241 00839 0201958085 |Hydrogen 0289 00218
NO;;1 62 0049 2 66 00128 0034015512|Methane 0524 0 0022
NO, 46 0055 310 0 0795] 0248775523
c0o,° 60 0092 024 01423] 0033508286
POy 3 94 9676 003 02119 0007286383
S0, 96 0576| 4 366E 02 01117| 0004877295
F! 19| B 466E 03 0092 0000502894
cl' 35453] 2 B538E 01 00318| 0008070632
L 694 0 00 0 0754 0
gr' 79 916! 0 ODOE +00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in Iig 043 Temperature
Liguid density {kg/m3) 1468 000 deg F
T(C) 50 140
Temperature
deg C
50
PNL 10785
Schurmpe Schumpe pure water K [mol/L(Iiq) atm [NH3
gmoles/L (hg ){h {G) Kwater/Ksalt  [{mol/kgwtr at |Henrys K Part P atm
Ammonia 0 336803537 00481] 1983110415 13 68741 4 343840864 | 0 077539451
Hydrogen 3 227E 02 2 533E+01 7 285E 04 1810E 05| 0 OOOE+00
Methane 1 614E 02 5 466E+01 9 609E 04 1106E 05| O QOOE+QO
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Table S8-18 (Cont'd) SX-105 Ammoma Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on
Equil NH3 Conc n Vapor Spa | %NHgmax 775 % Henry s Law Constant
Variable Variable Varnable
DeltaC Delta C Delta C
Time hours| T sec NH; molefm®|  %NH, % LFL NH,
00100 36 9 026E 02 025 160
00183 66 ] 633E 01 045 289
00333 120 2 898E 01 080 513
00617 222 5 126E 01 141 907
01033 372 8 053E 01 221 14 25
01750 630 1 225E+00 336 2167
0332 1194 1 863E+00 511 3297
0620 2232 2 448E+00 671 43 32
1035 3726 2 727E+00 7 48 48 26
227 8154 2 823E+00 774 49 97
335 12080 2 825E+00 775 50 00
538 19362 2 825E+00 775 50 00
827 20784 2 825e+00 775 50 00
968 34860 2 825E+00 775 50 00
109 39300 2 825E+00 775 50 00
132 47640 2 825E+00 775 50 00
166 59580 2 825E+00 775 50 00
Time to fill from 0% to 80%
67 6] 243444 2 825E+00 775 50 00 |at 4gpm
Steady state with
27777 8] 1000000600 2 825E+00 775 50 00| conbnuous addition
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Table §8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K caloulation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratie 01 Correction Factor for Schumpe Model 6
Recewving Tank 244 S

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Recelving Tank)

Parameter Units Value Parameter Units Value
NHg pg/mi 11473 | |Percent Fill of Receiving Tank % 80
Na ' ug/mi 235679/ {Volume of Vapor Space L 15359
A pg/mi 44040 |Length of Waste Fall ft 31
Fe* pg/ml 30| |Inside Diameter of Receiving Tank ft 15
cr? pg/mi 338! iFlow Rate of Waste gpm 4
Ni*? pg/ml 12| |Total Pressure in Vapor Space atm 1
K*! ug/mi 3375] |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mt 40939| |Total Ventitation Flow Rate for Stack cfm 005
NO; * pg/mi 164776 | |Total Bubbler Flow Rate cfh 3
NO, ! Hg/mi 142805 | Temperature of Air in Vapor Space iG 141 8
CO;° pg/ml 14131 |Stream Diameter inches 1
PO,* pg/ml 3266 | | Tortuosity Factor unitless 1
S0,4° pg/ml 4194/ {Initial Concentration of NH; in the Vapor Phase |mole/m® 0
F pg/mi 104/ |Surface Area of Still Waste m* 16 417
cl! ng/mi 8998| {Fumigation Divisor at 100 meters unitless 1
Lt ug/mi 0| |[Nen Furmigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 6
%H-0 % 42 87

Specific Gravity unitless 14868

Total Organic Carbon |g/! 3228

Cs 137 pCymi 384

Temperature °F 140
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Table $8-18 (Contd) SX 105 Ammonia Calculations for WSU Model Worst Case {99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 36474 Revision O[NH;
Dilution Ratio |01 ug/mi
lon MW c1 {moles/L) hi h o 11473
Na*! 2299 102613562 0 1143] 1171729581 |From Wetsenberger & Schumpe (1996) moles/L
AP 26 98 163 02174 0 35486642 0 873665792
Fa® 55 85 0 00 01161 6 24862E 05
cr* 52| 6 4981E 03 00848| 0000420827 |Gas h (T) h(G Q)
Ni* 58711 2 041E04 01654| 3 37609E 05
K 3909 8 B3BE 02 00922| 0007961423 Ammonia o 0 0481
oH' 17 0074 241 0 0839| 0 201958095!Hydrogen 0 299 00218
NO, 1 62 0048 2 686 00128| 0034015512}Methane 0524 00022
MO, T 46 0055 310 00795 0246775523
CO,° 80 0092 024 01423 0033508286
PO° 94 9676 0 03 02119] 0007286383
SOy 2 96 0576| 4 366E 02 01117 0004877295
F! 19| B 466E 03 0092 0000502894
¢l 35453] 2 B38E O1 00318 0008070632
L 694 0 00 0 0754 0
Br' 79 916{ 0 OOOE + 00 0 0269 0
Average
20 71872705 2072068917
Mass fraction water In hq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T(C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K _[mol/L{le) atm [NH3
gmoles/L (g )|h (G) Kwater/Ksalt  (mollkgwir at |Henry s K Part P atm
Ammonia 0 673665792 00481 1983110415 13 68741( 4 343640984 | 0 155092421
Hydrogen 3 227E 02 2 533E+01 7 285E 04 1 810E 05| 0 00QE+D0
Msthane 1 614E 02 5 466E+01 9 609E 04 1 108E 05 0 000E+00
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHzmmay 15 51 % Henry s Law Constant
Variable Varable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL, NH;
0 0100 36 1 805E 01 0 50 320
00183 66 3 2686E 01 090 578
00333 120 5 797E 01 159 10 26
00817 222 1 025E+00 281 18 15
0 1033 372 1611E+00 442 28 51
01750 630 2 449E+00 672 43 35
0332 1194 3 726E+00 10 22 6594
0620 2232 4 896E+Q0 13 43 86 65
1035 3726 5 454E+Q0Q 14 96 96 53
227 8154 5 647E+00 15 49 99 94
335 12060 5 650E+00 15 50 100 00
5 38 19362 5 650E+00 15 50 400 00
827 29784 5 650E+00 15 50 100 00
968 34860 5 650E+00 15 50 100 00
109 39300 5 650E+00 15 50 100 00
132 47640 5 650E+00 15 50 100 Q0
166 58580 5 650E+00 15 50 100 00
Time to fill from 0% to 80%
67 6] 243444 5 650E+00 45 50 100 00 |at 4gpm
Steady state with
27777 8| 100000000 5 650E+00 15 50 100 00| continuous addition
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Table $8-18 (Cont'd) SX-105 Ammomia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-8
Soutce Tank 88X 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Uniis Value Parameter Units Value
NHz pg/ml 2324| |Percent Fill of Receving Tank % 80
Na*' pg/mi 2356791 IVolume of Vapor Space L 15359
Al 3 pg/mi 44040} {Length of Waste Fall ft 31
Fe*s pg/ml 30| |inside Diameter of Receving Tank ft 15
cr*? ug/mi 338| |Flow Rate of Waste gpm 4
Nr*2 pg/ml 12| | Total Pressure in Vapor Space atm 1
K pua/mi 33751 |Ventilation Flow Rate for Receiving Tank cfm 005
OH* ug/ml 40939/ |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 164776 | |Total Bubbler Flow Rate cfh 3
NO, ng/mi 142805 | | Temperature of Air in Vapor Space °F 1518
CO,z° pg/imi 14131| |Stream Diameter inches 1
PO, pgfml 3266 |Tortuosity Factor unitiess 1
SO, ° ng/mi 4194| [Imitial Concentration of NH; in the Vapor Phase [mole/m” 0
F! pg/mi 1041 iSurface Area of Still Waste m* 16 417
cl' pg/ml 8998 [Furmgation Divisor at 100 meters unitless 1
L pg/ml 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' po/ml 0| [Correction Factor for Schumpe Model unittess 6
%H0 % 42 87

Specific Gravity unitiess 1468

Total Organmic Carbon [g/l 3228

Cs 137 uCi/mil 384

Temperature °F 150
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Table S8-18 (Contd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INFUT DATA [Date 36539 36504 Revision 0{NH;

Dilution Ratio [0 1 ug/mil

lon MW ct {moles/L} hi hi ¢l 2324

Na*! 2299f 10 261362 01143] 1171729581 |From Weisenberger & Schumpe {1996) moles/L

AT 26 98 163 02174 0 35486642 0 136459453

Fe* 55 85 0 00 01161 624862E 05

crt 52| 6491E 03 00648] 0000420627 |Gas h (T} h (G 0)

Ni* 5871 2 041E 04 01654 3 37609E 05

K 3909] 8 63BE 02 009221 0007961423)Ammonia 0 00481

OH' 17 Q074 2 41 00839| 0 201958095{Hydrogen 0298 -0 0218

NO; T 62 0049 2 66 00128 0 034015512|Methans -0 524 0 0022

NO, 1 46 0055 310 00795 0246775523

CO; z 80 0092 024 01423 0033508286

PO, 04 9676 003 02119 0007286383

$0,° 96 0576| 4 366E 02 01117] 0004877295

F’ 19| 6 466E 03 0092! 0000502894

cl' 35453 2 B38E 01 0 0318] 0008070632

u'’ 694 000 00754 0

Br' 79 916{ 0 OOOE -+ 00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liquid density (kg/m3) 1468 000 deg F

T(C) 66 160
Ternperature
deg C
B85 55555556

PNL 10785
Schumpe Schumpe pure water K |molL(lig} atm jNH3
gmoles/L (Iq }|h (G) Kwater/Ksalt  |(mol/kgwtr at |Henrys K Part P atm

Ammonia 0 136459453 00481 1983110415| 11 09126307 3 519764852 0 03876948

Hydrogen 3 393E 02 2 340E+01 7 338E 04 1 974E 05t 0 Q00E+00

Methane 1 905E 02 4 757E+01 9 331E 04 1 234E 05¢ 0 QDDE+00

S-8-203
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DCRT 244-S
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NHymax 388 % Henrys Law Constant
Variable Vanable Vanable
Delta C Delta C Delta C
Time hours| T sec | NH; mole/m®|  %NH, % LFL NH,
0 0100 36 3 869E 02 011 070
00183 66 7 011E 02 020 126
00333 120 1 248E 01 0 35 225
00617 222 2221E 01 062 400
01033 372 3 517E 01 098 633
01750 630 5 418E 01 151 975
0332 1194 8 448E 01 236 1520
0620 2232 1 148E+00 320 20 66
1035 3726 1 315E+00 367 23 65
227 8154 1 387E+00 387 24 95
335 12060 1 389E+00 387 24 99
538 18362 1 389E+00 387 2500
827 29784 1 389E+0Q0 387 25 00
968 34860 1 389E+00 387 25 00
109 38300 1 389E+00 387 2500
132 47640 1 389E+00 387 2500
166 59580 1 389E+00 387 2500
Time to fill from 0% to 80%
67 6| 243444 1 389£+00 387 25 00|at 4gpm
Steady state with
27777 8| 100000000 1 389E+00 387 25 00| continuous addition
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 &

Liguid Waste Charactenstics {Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value

NH; pg/mi 4649} |Percent Fill of Receving Tank % 80
Na*! pgsml 235679| [Volume of Vapor Space L 15359
A ugiml 44040| |Length of Waste Fall ft 31
Fe® pug/mi 30| |Inside Diameter of Recelving Tank ft 15
cr pg/mi 338/ |Flow Rate of Waste gpm 4
N2 pgimi 12| | Total Pressure in Vapor Space atrm 1
K ug/mi 3375 [Ventilation Flow Rate for Receving Tank cfm 005
oH"’ pg/ml 409839{ | Total Ventilahion Flow Rate for Stack cfm 005
NOe,1 pg/mi 164776| |Total Bubbler Flow Rate cfh 3
NO, ' pugfmi 142805 |Temperature of Air In Vapor Space °F 1518
CO,° pg/ml 14131| |Stream Diameter Inches 1
PO,’ pg/ml 3266 |Tortuosity Factor unitless 1
S0, ° pg/mi 4194} |Initial Concentration of NHy in the Vapor Phase [mole/m” 0
F! pg/ml 104| [Surface Area of Still Waste m* 16 417
ct! pg/mi 8998 | |Furmigation Divisor at 100 meters unitless 1
L pa/mil 0! |[Non Fumigation Divisor at 100 meters unitless 1
Br' pug/mt 0] iCorrection Factor for Schumpe Model unitiess 6
%H,0 Yo 42 87

Specific Gravity unitless 1468

Total Organic Carbon g/l 3228

Cs 137 pCi/ml 384

Temperature °F 150
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Table $8-18 {Contd) SX 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 36526 Revision OfNH;

Dilution Ratie |0 1 ug/mi

lon Mw ¢i {moles/L} hi hi*ci 4649

Na'’ 2299] 10 2561362 01143| 1171729581 [From Weisenberger & Schumpe (19986) moles/L

A" 26 98 163 02174 0 35486642 0 272977623

Fe ° 55 85 000 01161{ 6 24862E 05

cr 52| 6 491E 03 00848| 0000420627 iGas h (T} h(GO)

Ni 2 5871 2 041E 04 01654 3 37609k 05

K 3909] 8 B35E Q2 00922 0007961423|Ammonia 0 0 0481

OH' 17 0074 241 00839 0 201958095|Hydrogen 0 299 00218

NO, ' 62 0049 2 66 00128| 0034015512|Methane 0524 0 0022

NO, ' 46 0085 310 00795] 0246775523

CO,° 60 0092 0 24 01423| 0033508286

PO,° 94 9676 003 02119 0007286383

80,2 96 0576 4 366E 02 01117| 0004877295

F' 19| 6 466E 03 0092| 0000502894

cl' 35453 2B38EOM 00318 0008070832

Le*! 6 94 0 00 0 0754 0

Br' 79 916} © OOCE +00 0 0269 0
Average

20 71872705 2 072068917

Mass fraction water in lig 043 Temperature

Liguid density (kg/m3) 1468 000 deg F

T{C) 66 150
Temperature
deg C
65 55555556

PNL 10785
Schumpe Schumpe pure water K _|mol/L{liq) atm |[NH3
gmoles/L (hg )ih (G) Kwater/Ksalt  [(molikgwtr at |Henrys K Part P atm

Ammonia 0 272977623 00481 1983110415| 11 09126307 [ 3 519764852 | 0 077555642

Hydrogen 3 393E 02 2 340E+01 7 338E 04 1 974E 05| 0 OOOE+00

Methane 1 90SE 02 4 757E+01 9 331E 04 1 234E 05| 0 O00E+00
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DCRT 244-5
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc 1h Vapor Spa | %NHgmax 776 % Henry s Law Constant
Varnable Variable Variable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®]  %NH; % LFL, NH,
00100 36 7 740E 02 022 139
00183 66 1 403E 1 039 252
00333 120 2 497E 01 070 4 49
00617 222 4 443E 01 124 7 99
01033 372 7 035E 01 196 12 66
0 1750 830 1 084E+00 302 19 50
0332 1194 1 690E+00 471 30 41
0620 2232 2 297E+00 6 41 41 33
1035 3726 2 630E+00 733 47 32
227 8154 2 774E+00 774 49 92
335 12060 2 779E+00 775 50 00
538 19362 2 779E+00 775 50 00
827 29784 2 779E+00 775 50 00
968 34860 2 779E+00 775 50 00
1089 39300 2 779E+00 775 50 00
132 47640 2 779E+00 775 50 00
16 6 59580 2 779E+00 775 50 00
Time to fill from 0% to 80%
67 6] 243444 2 779E+00 775 50 00 |at 4gpm
Steady state with
27777 8| 100000000 2 779E+Q0 775 50 00)continuous addition
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilutton Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 S

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Recelving Tank)

Parameter Units Value Parameter Units Value
NH3 ugimt 9297} [Percent Fill of Receiving Tank % 80
Na ' pg/ml 236679 |Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe* pg/mi 30| |Instde Diameter of Receiving Tank ft 15
crd ug/mi 338| [Flow Rate of Waste gpm 4
NI*? pg/mi 12| [Total Pressure in Vapor Space atm 1
K pa/mi 3375| |Ventiation Flow Rate for Receving Tank cfm 005
OH' pg/mi 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 164776 |Total Bubbler Flow Rate cfh 3
NO, pg/mt 142805 | Temperature of Air in Vapor Space °F 1518
COs* pg/mi 14131/ |Stream Diameter Inches 1
PO, " pg/ml 3266 | | Tortuosity Factor unitless 1
80,2 pg/ml 4194/ |Initral Concentration of NHz in the Vapor Phase mole/m® 0
F' pg/mi 104 | |Surface Area of Still Waste m* 16 417
cr' pa/mi 8998 | |Fumigation Divisor at 100 meters unitless 1
Ly pg/ml 01 iNon Furmigation Divisor at 100 meters unitless 1
Br' pg/ml 0| [Correction Factor for Schumpe Model unifless 6
%H0 % 42 87

Specific Gravity unitless 1468

Total Organtc Carbon |g/l 3228

Cs 137

puCrimi

384

Temperature

°F

150
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Table $8-18 {Cont d) $X-105 Ammonta Calculations for WSU Model Worst Case (99 pages)

Source Tank |8X 105 INPUT DATA (Date 36539 37179 Revision 0|NH;
Dilution Ratio [0 1 ug/mi
lon MW ci (moles/L) hi hi*ei 9297
Na*! 2299 10 2613h2 01143} 1171729581 [From Waisanberger & Schumpe {1888} moles/l.
E 26 98 163 02174 0 35486642 0 545896528
Fe* 55 85 0 00 01161 624862€ 05
cr® 52| 6491E 03 00648| 0000420627 |Cas h{T) h (G 0)
NIt 5871 2 041E 04 0 1654! 3 3760%9E 05
K? 3909 8 63BE 02 00922 0 0079814231Ammonia 0 00481
o't 17 0074 2 41 00839 0 201958095|Hydrogen 0299 00218
NO, ! 62 0049 265 C0128| 0034015512(Methane 0524 00022
NO, 1 46 0055 310 00795] 0246775523
CO,? 60 0092 024 01423 0033508286
PO, 3 94 9676 003 02119 0007286383
80,2 96 0576| 4 366E 02 01117 0004877295
F' 19| B 468E 03 0092| 0000502894
clt 35453 2 B38E 01 00318| 00080706832
TR 694 0 00 0 0754 0
Br' 79 916| 0 00OE +00 0 0269 0
Average
20 71872705 2 072088917
Mass fraction water in Iig 043 Temperature
Liquid density (kgl_mS) 1468 000 deg F
T (C) 66 150
Temperature
deg C
85 55555556
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm |[NH3
gmoles/L (g )b (G) Kwater/iKsalt  [(mol/kgwtr at [Henry s K Part P atm
Ammonia 0 545896528 00481 1983110415( 11 09126307 3 519764852 | 0 155094602
Hydrogen 3 393E 02 2 340E+01 7 338E 04 1974E 05| 0 O00E+0Q
Methane 1 905E 02 4 757E+01 9 331E 04 1 234E 05 0 Q00E+Q0
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DCRT 244 S
Case 8 (Story 1)
Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Cone in Vapor Spa | %NHamay 15 51 % Henry s Law Constant
Variable Variable Vanable
Delta G Delta C Delta C
Time hours T sec NH; mole/m® Y%NH; % L.FL NH;
0 0100 36 1 548E 01 043 279
00183 66 2 805E 01 078 505
00333 120 4 994E 01 139 899
0 0617 222 8 884E 01 248 1599
01033 372 1 407E+00 392 25 31
01750 630 2 167E+00 605 3900
0332 1194 3 380E+00 943 60 81
0620 2232 4 533E+00 12 81 82 64
1035 3728 5 258E+00 14 67 94 62
227 8154 5 548E+00 15 47 99 83
335 12080 5 557E+00 15 50 99 99
538 19362 5 657E+00 15 50 100 00
827 29784 5 557E+00 15 50 100 00
968 34860 5 557E+00 16 50 100 00
108 39300 5 557E+00 15 50 100 00
132 47640 5 557E+00 15 50 100 00
166 59580 5 557E+00 15 50 100 00
Tune to fill from 0% to 80%
67 6] 243444 5 557E+00 15 50 100 00 |at 4gpm
Steady state with
27777 8| 100000000 5 557E+00 15 50 100 00 [continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244.S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 8
Recewving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 1895| |Percent Fill of Recenving Tank % 80
Na*" nug/mil 235679} {Volume of Vapor Space L 15359
Al ug/ml 44040| |Length of Waste Fall it 31
Fe™ pg/mi 30| |Inside Diameter of Receiving Tank ft 15
cr? ug/mi 338| |Flow Rate of Waste gpm 4
Ni*2 pg/ml 12| |Total Pressure in Vapor Space atm 1
K' pg/mi 3375] Ventilation Flow Rate for Receiving Tank cfm 005
oH' ug/ml 40939 |Total Ventilation Flow Rate for Stack cfm 0 05
NO; ' pg/ml 164776 | Total Bubbler Flow Rate cfh 3
NO, " pg/mi 142805| |Temperature of Air in Vapor Space [°F 1618
€052 ng/ml 14131| |Stream Diameter inches 1
PO, ng/ml 3266/ {Tortuosity Factor unitless 1
80,2 pg/mi 4194| |Initral Concentration of NH; In the Vapor Phase [mole/m® 0
F pg/mi 104| |Surface Area of Still Waste m? 16 417
cl! pa/mi 8998 | |Fumigation Divisor at 100 meters unitless 1
L pg/mi 0} |Non Fumigation Divisor at 100 meters unitless 1
Br’ ug/ml 0| iCorrection Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon [g/) 3228

Cs 137 pCiml 384

Temperature °F 160
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Table S8 18 (Cont d) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36539 37212 Revision O|NH,

Dilution Rate |01 ug/mi

lon MW ct {moles/L} hi hi ci 1895

Na*! 2299] 10 261362 01143; 1 171729581 |From Weaisenberger & Schumpe (1996) moles/L

Al 26 98 163 02174 0 35486642 0 111269648

Fe* 55 85 0 00 01161 624862E 05

cr® 52| 6 491F 03 00648] 0 000420627 |Gas h(T) h {G 0)

N2 5871] 2 041E 04 01654| 337609E 05

K 3900 8 63BE 02 00922| 0007961423[Ammonia 0 0 0481

oH' 17 0074 241 0 0839} 0 201958095|Hydrogen 0299 00218

NO, T 62 0049 2 66 00128 0034015512|Methane 0524 00022

NO, ' 46 0055 310 00795 0246775523

GO, 2 60 0092 024 01423| 0033508286

PO,° 94 9676 003 02119] 0007286383

S0, 2 06 0576| 4 386E 02 01117¢ 0004877295

F' 18| & 466E 03 0092 0000502894

cl' 35 453| 2 B38E 01 00318 0008070832

L 694 000 00754 0

Br' 79 916| © DOOE +00 00289 0
Average

20 71872705 2 072068917

Mass fraction water in g 043 Temparature

Liguid density (kg/fm3) 1468 000 deg F

T(©) 71 160
Temperature
deg C
7111111111

PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm [NH3
gmoles/L (g }h (G) Kwater/Ksalt  [(molikgwtr at [Henrys K Part P atm

Ammonia 0 111269648 00481 1983110415| 9 043660443 2 869966924 | 0 038770359

Hydrogen 3 659E 02 2 161E+01 7 422E 04 2161E 05 0O 0CDE+00

Methane 2 198E 02 4 140E+01 9 126E 04 1 387E 05| O O00OE+00
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Table S8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case {99 pages)

Max NH3 Conc Based an
£quil NH3 Conc In Vapor Spa | %NHgpsay 3 88 % Henry s Law Constant
Variable Variable Variable
DeltaC Delta C Delta C
Time hours| T sec NH; mole/m®|  %NH, % LFL NH;
0 0100 36 3317E 02 009 061
00183 66 6 020E 02 017 110
00333 120 1 075E 01 0 30 197
00617 222 1922 01 054 3 51
01033 372 3 085E 01 087 560
01750 630 4 777E 01 135 8§74
0332 1194 7 618E 01 216 13 93
0620 2232 1 0B9E+00 303 19 55
1035 3726 1 259E+00 357 2303
227 8154 1362E+00 386 24 90
335 12060 1 366E+0Q0 387 24 99
538 19362 1 367E+Q0 387 24 99
8 27 29784 1 367E+00 387 24 99
968 34860 1 367E+00 387 24 99
109 39300 1 367E+00 387 24 99
132 47640 1 367£+00 387 24 99
16 6 59580 1 367E+00 387 24 99
Time to fill from 0% to 80%
67 6] 243444 1 367E+00 387 24 99|at 4gpm
Steady state with
27777 84 100000000 1 367E+00 387 24 99 |continuous addition
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Table $8-18 (Cont'd) S$X-105 Ammomia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model| 6
Receiving Tank 244 8

Liquid Waste Characteristics {(Source Tank) Tank Characternstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH pgfmi 3791| |Percent Fili of Receving Tank % 80
Na ' pug/mi 235679 [Volume of Vapor Space L 15359
Al ug/ml 44040| [Length of Waste Fall ft 31
Fe™ pg/mi 30| lInside Diameter of Recelving Tank ft 15
cr? pg/mi 338/ |Flow Rate of Waste gpm 4
Ni 2 pg/mi 12| |Total Pressure In Vapor Space atm 1
K pgfmi 3375| |Ventiiation Flow Rate for Receving Tank cfm 005
OH'* pgiml 40939| |Total Ventilation Flow Rate for Stack cfm 005
NO3 ' pg/ml 164776 |Total Bubbler Fiow Rate cfh 3
NO, ' pgfml 142805| |Temperature of Air in Vapor Space °F 1618
COs° pg/mi 14131 [Stream Diameter inches 1
PO,° ng/mi 3266| |Tortuosity Factor unitiess 1
S0Q,° ng/ml 4194/ [Initial Concentration of NH; in the Vapor Phase |mole/m® 0
F pg/mi 104/ |Surface Area of Still Waste m? 16 417
Cl na/mi 8998| [Fumigation Divisor at 100 meters unitless 1
L ng/mi 0| |Nen Fumigation Divisor at 100 meters unitiess 1
Br' pa/mi 0| [Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/t 3228

Cs 137 pCi/ml 384

Temperature °F 160

S-8-214
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Table §8-18 (Contd) $X 105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 37249 Revision O|NH;
Diiution Ratio [0 1 ug/mi
lon MW ci {moles/L) hr hi ol 3791
Na*' 2299 10 2813882 011431 1 171729581 ) From Weisenbserger & Schumpe {1996) moles/L
Al 26 98 163 02174 0 35486642 0 222598014
Fe 3 55 85 0 00 01161| 624862E 05
cr 52| 6 491E 03 00648| 0000420627 |Gas h(T) h (G 0)
N+ 5871 2 041E 04 01654 3 37609E 05
I'(J'1 3909 8 835E 02 00922 0007981423{Ammonia 0 00481
oH? 17 0074 241 0 0839| 0 201958095|Hydrogen 0299 00218
NO4 1 62 0049 2 66 00128] 0 034015512|Methane 0524 00022
NO, 48 0055 310 00795 0246775523
COs° 60 0092 024 01423| 0033508286
PO, 3 94 9676 003 G 2119 0007286383
S0, 2 98 0578 4 3BSE 02 04117) O 004877295
F' 19| & 466E 03 0092| 0000502894
cl’ 35453| 2 B38E O1 00318] 0008070832
L’ 6 94 000 00754 0
Br' 79 916{ 0 OOOE + 00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T({C) 71 160
Temperature
deg C
711111111
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm |[NH3
gmoles/L (g )|h (G) Kwater/Ksalt | (molkgwtr at |Henry s K Part P atm
Ammeonia 0 222598014 0 0481 1 983110415] 8 043660443 | 2 869966924 [ 0 077561178
Hydrogen 3 559E 02 2 1616+ 7 422E Q4 2161E 05| 0 000E+Q00Q
Methane 2 196E 02 4 140E+01 9 126E 04 1 387E 05 0 000E+00

5-8-215




RPP-4941 Rev 0 Appendix G

Author&%ﬁh_ Date I[-'Zé( © & Checked by 6\3) ?—}/\ Date l‘ YA ZQ #

DCRT
Case

244-8
8 (Story 1)

Table $8-18 (Cont d) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on

Equil NH3 Conc in Vapor Spa ; %NHagpen 776 % Henry s Law Constant
Varnabie Variable Vanable
Delta C Delta C Delta C
Time hours| T sec | NHj moleim®|  %NH, % LFL NH,
00100 36 6 637E 02 019 121
0 0183 66 1 204E 01 0 34 220
0 0333 120 2 150E 01 0 61 393
0 0617 222 3 845E 01 109 703
01033 372 6 131E 01 174 11 21
01750 630 9 556E 01 271 17 48
0332 1194 1 524E+00 432 27 87
0620 2232 2 138E+Q0 6 06 3910
1035 3726 2 519E+00 714 46 07
227 8154 2 724E+00 772 49 81
335 12080 2 733E+00 775 49 99
538 19362 2 734E+00 775 50 00
827 29784 2 734E+00 775 50 00
968 34860 2 734E+00 775 50 00
109 39300 2 734E+00 775 50 00
132 47640 2 734E+0Q0 775 50 00
16 B 59580 2 734E+00 775 50 00
Time to filf from 0% to 80%
67 6] 243444 2 734E+00 775 50 00|at 4gpm
Steady state with
27777 8| 100000000 2 734E+00 775 50 00|continuous addition
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Table $8-18 (Cont'd) SX-105 Ammonta Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-8
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Recetving Tank 244 8

Liguid Waste Characteristics (Source Tank) Tank Characteristics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 7582| |Percent Fill of Receiving Tank % 80
Na ' ug/mil 235679] {Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe® pg/mi 30| |Instde Diameter of Recelving Tank fit 15
cr*? pg/mi 338/ |Flow Rate of Waste gpm 4
Ni*2 pgfmi 12| |Total Pressure in Vapor Space atm 1
K ug/mil 3375| |Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/mi 40939 |Total Ventlation Flow Rate for Stack cfm 005
NO; ' pg/mi 164776 | |Total Bubbler Flow Rate cfh 3
NO, pg/mi 142805| |Temperature of Air in Vapor Space °F 1618
COy 2 ng/m! 14131{ | Stream Diameter inches 1
PO, " ug/mi 3266| |Tortuosity Factor unitiess 1
S0, ° ng/mi 4194| |Imitial Concentration of NHg in the Vapor Phase [mole/m® 0
F! pg/mi 104/ |Surface Area of Still Waste m? 16 417
cl’ ug/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L ug/ml 0| |Nen Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0| [Correction Factor for Schumpe Model unitiess <]
%H,0 % 42 87

Specific Gravity unitless 1468

Total Organic Carbon |g/! 3228

Cs 137 puCriml 384

Temperature °F 160

S-8-217
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Table $8-18 (Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA |Date 36530 37286 Revision OiNH,
Dilution Ratio {0 1 ug/mi
lon MW ¢l {moles/L) hi hi ¢l 7582
Na 2299! 10261362 0 1143| 1171729581 From Weisenberger & Schumps (1996) moles/L
A 26 98 163 02174 0 35486642 0 445196028
Fe * 55 85 0 00 01161 624862E 05
cr? 52| 6 491E 03 Q0648 0000420627|Gas h (T) h{(GO
NI*2 5871 2 Q41E Q4 01654 3 37609E 05
K 3909 8 63BE 02 009221 0007961423|Ammonia 0 0 0481
oH' 17 0074 241 00839; 0201958095 |Hydrogen 0299 00218
NQCy 1 62 0049 266 00128 0034015512 |Methane 0524 0 0022
NO, ' 46 0055 310 00795 0 246775523
CO; z &0 0092 024 01423 0033508286
PO,* 94 9676 003 02112 0007286383
$0,° 96 0576{ 4 368E 02 01117 0004877295
F! 19| 5 466E 03 0092] 0000502894
ct! 35453 2 B38E 01 00318 0008070632
L 6 94 0 00 0 0754 0
Br' 79 916| 0 DOOE + 00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in Iiq 043 Temperature
Liguid density (kg/m3) 1468 000 deg F
T (C) 71 160
Temperature
deg C
7111111111
PNL 10785
Schumpe Schumpe pure water K [molf/L{Iiq) atm [NH3
gmoles/L (lig )[h {G) Kwater/Ksalt  |(mollkgwir at [Henrys K Part P atm
Ammonia 0 445196028 00481] 1983110415| 9 043660443 2 869966924 | 0 155122355
Hydrogen 3 559E 02 2 161E+01 7422E 04; 2161E 05| 0 000E+00
Methane 2196E 02 4 140E+01 9 126E 04 1 387E 05| 0O O00OE+00

S-8-218
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages}

Max NH3 Conc Based on
Equil NH3 Conc 10 Vapor Spa | %NHgmax) 15 51 Ya Henry s Law Constant
Vanable Variable Variable
Delta C Delta C DeltaC
Time hours| T sec | NHy mole/m®l  %NH; % LFL NH,
00100 36 1 327E 01 038 243
00183 66 2 409E 01 068 441
00333 120 4 301E 01 122 7 86
0 0617 222 7 689E 01 218 14 06
0 1033 372 1226E+00 348 2243
01750 630 1911E+00 542 3495
0332 1194 3 048E+Q0 8 64 5574
0820 2232 4 277E+00 1212 78 21
1035 3726 5 039E+00 14 28 92 14
227 8154 5 447E+00 15 44 99 62
335 12060 5 467E+00 15 50 99 98
5 38 10362 5 468E+00 15 50 100 00
827 29784 5 468E+00 15 50 100 00
968 34860 5 468E+00 15 50 100 00
109 39300 5 468E-+00 15 50 100 00
132 47640 5 468E+00 15 50 100 00
16 6 59580 5 468E+00 15 50 100 00
Time to fill from 0% to 80%
67 6| 243444 5 A68E+00 15 50 100 00 {at 4gpm
Steady state with
27777 8| 100000000 5 468E+00 15 50 100 00 {conbnuous addition
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Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receiving Tank 244 S

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mt 1555| |Percent Fill of Receving Tank % 80
Na ! pgimi 235678| | Volume of Vapor Space L 15359
Al pg/mi 44040! |Length of Waste Fall ft 31
Fe*? ug/mi 30| |Inside Diameter of Recewving Tank ft 15
cr pg/mi 338; [Flow Rate of Waste gpm 4
Ni*? pa/mi 12} [Total Pressure in Vapor Space atm 1
K pg/mi 33751 [Ventlation Flow Rate for Recewving Tank cfm 005
OH' pg/ml 40939| | Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/mi 164776 | | Total Bubbler Flow Rate cth 3
NO, ! pg/ml 142805 | Temperature of Air in Vapor Space °F 1718
COs° ugfmi 14131 Stream Diameter inches 1
PO,” ug/mi 3266 [Tortuosity Factor unitless 1
80,7 pg/mi 4194 [Imitial Concentration of NHs In the Vapor Phase [mole/m® 0
F' pg/mi 104| |Surface Area of Still Waste m? 16 417
cr’ pug/mi 8998| |Furmigation Divisor at 100 meters unitiess 1
L ng/ml 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitiess 6
%H,0 % 4287

Specific Gravity unitiess 1468

Total Crganic Carbon jg/l 3228

Cs 137 pCimil 384

Temperature °F 170

5-8-220
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank [SX 105 INPUT DATA jDate 36639 37495 Revision 0|NH;
Dilution Ratio |0 1 ug/mi
lon MW ¢t {moles/L) hi he ot 1665
Na*' 2299| 10251352 01143] 1171729581 |From Weisenberger & Schumpe (1896) moles/L
Al 26 98 163 02174 0 35486842 0 021305701
Fe > 55 85 0 00 01161| 6 24862E 05
cr? 52| 6 491E 03 00648 0000420627 [Gas h {T) h (G 0)
Ni*? 5871 2 041E 04 01654] 3 37609E 05
K' 3909 8 63B6E 02 00922 0007961423 [Ammonia 0 0 0481
OH' 17 0074 241 00839 0201958095 Hvdrogen 0289 00218
NO, ! 62 0049 2 66 00128| 0034015512|Methane 0524 0 0022
l\1021 46 00585 310 00795 0246775523
co,’ 60 0092 024 01423) 0033508286
PO, 3 94 9676 Q03 02119 0007286383
S0, ¢ 96 0576| 4 366E 02 01417 0004877295
F 19| B 466E 03 0092| 0000502804
cl' 35 453| 2 B38E 01 00318] 0008070632
Lt 6 94 0 00 00754 0
Br' 79 916| © OOOE + 00 0 0269 0
Average
20 71872705 2 072068917
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3) 1468 Q00 deg F
T(C) 77 170
Temperature
deg C
. 76 66666667
PNL 10785
Schumpe Schumpe pure water K imol/L{Iig) atm [NH3
gmoles/L (i ){h {G) Kwater/Ksalt  [(molfkgwtr at iHenrys K Part P atm
Ammonia 0 091305701 00481] 1983110415 7 417920838} 2 35404542 | 003878872
Hydrogen 3725E Q2 1 997E+01 7 536E 04 2 375E 05| 0O OQDE+QQ
Methane 2 487E 02 3 604E+01 8 985E 04 1 869E 05| 0 000E+00

S-8-221
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DCRT 244 8
Case 8 (Story 1)
Table $8-18 {Cont d) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc in Vapor Spa | %NH3max 388 % Henrys Law Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; molefm® %NH; % LFL NH;
00100 36 2 849E 02 008 053
00183 66 5 178E 02 015 0 96
0 0333 120 9 263E 02 027 172
00617 222 1663E 01 048 309
01033 372 2 669E 01 077 4 96
01750 630 4 203E 01 121 7 81
0332 1194 6 838E 01 197 1271
0620 2232 9 885E 01 285 18 37
1035 3726 1 199E+00 345 22 27
227 8154 1 335E+Q0 384 24 81
335 12060 1 344E+00 387 24 98
538 19362 1 345E+00 388 2500
827 29784 1 346E+00 388 2500
968 34860 1 348E+00 388 2500
109 39300 1 346E+00 388 25 00
132 47640 1 346E+00 388 2500
166 59580 1 346E+00 388 2500
Time to fill from 0% to 80%
67 6] 243444 1 346E+00 388 2500 |at 4gpm
Steady state with
27777 8{ 100000000 1 346E+00 388 25 00[continuous addition

S-8-222
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Table S8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receving Tank 244 8

Liquid Waste Charactenstics (Source Tank) Tank Characternstics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ugimi 3110| |Percent Fill of Recelving Tank % 80
Na ua/mi 235679| |Volume of Vapor Space L 15359
A" ug/ml 44040| |Length of Waste Fall ft 31
Fe* ug/mi 30| |Inside Diameter of Recelving Tank ff 15
cr pgfmil 338| |Flow Rate of Waste gpm 4
Nyt pg/ml 12| iTotal Pressure in Vapor Space atm 1
K1 ug/mi 3375! [Ventitation Flow Rate for Receiving Tank cfm 005
OH' ugfml 409391 | Total Ventilation Flow Rate for Stack cfm 005
NO; ' ng/ml 164776| | Total Bubbler Flow Rate cfth 3
NO, ' ug/mi 142805| |[Temperature of Air in Vapor Space °F 171 8
COs° pg/mi 14131| |Stream Diameter inches 1
PO,° pg/mil 3266/ |Tortuosity Factor unitless 1
SO,° ng/ml 4194| [Inttial Concentration of NHs i the Vapor Phase [mole/m” 0
F pg/mi 104| |Surface Area of Still Waste m? 16 417
cl' pg/mi 8998| |Fumigation Divisor at 100 meters unitless 1
L pgfm! 0| |[Nen Fumigation Divisor at 100 meters unitless 1
Br' pgfmi 0| |Correction Factor for Schumpe Model unitless 6
%H.0O % 42 87

Specific Gravity unitless 1468

Total Organic Carbon Jg/! 3228

Cs 137 pCi/mi 384

Temperature °F 170

S-8-222-A
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Table $8-18 (Contd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank {SX 105 INPUT DATA (Date 36539 37518 Revision O|NH;
Dilution Ratie |0 1 ug/mil
lon MW ¢l {moles/L} hi hi ci 3110
Na*' 22891 102613562 01143| 1171729581 From Weisenberger & Schumpe (1996) moles/L
Al® 26 98 163 02174 0 35486642 0 182611402
Fe" 55 85 0 00 01161| 6 24862E-05
ce* 521 6 491E 03 00648 0000420627|Gas h (T) h(G0)
Ni* 58711 2 041E 04 01654 3 37609E 05
K’ 3909; 8 B836E02 00922 0007961423|Ammonia 0 -0 0481
OH' 17 0074 2 41 00839 0 201958085|Hydrogen 0299 00218
NO3 f 62 0049 266 00128 ©034015512(Methane 0524 00022
NO, ' 46 0055 310 00795] 0246775523
€O, 2 60 0092 0 24 01423] 0033508286
PO, 94 9676 003 02119 0007286383
S0,° 96 0576| 4 366E 02 011171 0004877295
F' 19| 5 468E 03 0092| 0000502894
e’ 35453] 2538E 01 00318| 0008070632
T 694 0 00 0 0754 0
Br' 79 916} 0 O0OE +00 00269 0
Average
20 71872705 2 072068917
Mass fraction water in g 043 Termperature
Liguid density (kg/m3) 1468 000 deg F
TE) 77 170
Temperature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K [mol/L{lig} atm |NH3
gmoles/L (Iig )|h (G) Kwater/Ksalt  [{mol/kgwtr at [Henry s K Part P atm
Ammonia 0 182611402 00481 1983110415 7 417020838 2 35404542 | 007757344
Hydrogen 3 725E 02 1 997E+01 7536E 04| 2375E 05| 0 CO0E+00
Methane 2 487E 02 3 604E+01 8 985E 04 1 589E 05| 0 COOE+00

S-8-223
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DCRT 244 S
Case 8 (Story 1)
Table $8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)
Max NH3 Conc Based on
Equil NH3 Conc i Vapor Spa | %NHamax 776 % Henrys Law Constant
Varnable Vanable Variable
Delta C Delta C DeltaC
Time hours T sec NH; mole/m® %NH; % LFL NH;
00100 36 5897E 02 016 108
00183 66 1 035E 01 030 192
00333 120 1 853E 01 053 344
00817 222 3 327E 01 0 96 618
Q1033 372 5 338E 01 154 992
01750 630 8 405E 01 242 1562
0332 1184 1 368E+00 394 25 41
0620 2232 1 977E+00 569 3674
1035 3726 2 397E+00 6 90 44 54
227 8154 2 670E+00 7 69 49 61
335 12060 2 68SE+00 774 49 97
538 19362 2 691E+00 775 50 00
8 27 209784 2 691E+00 775 50 00
968 34860 2 B91E+00 775 50 00
108 39300 2 691E+00 775 50 00
132 47640 2 691E+00 775 50 00
16 6 59580 2 691E+00 775 50 00
Time to fill from 0% to 80%
67 6| 243444 2 691E+00 775 50 00|at 4gpm
Steady state with
27777 8| 100000000 2 621E+00 775 50 00| contnuous addition
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Table $8-18 (Cont'd) S$X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-S
Source Tank SX 105
Dilution Ratio 01 Correction Factor for Schumpe Model 6
Receliving Tank 244 S

Liguid Waste Charactenistics (Source Tank) Tank Charactenstics {(Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 6219| |Percent Fill of Receiving Tank % 80
Na ' pg/ml 235679/ |Volume of Vapor Space L 15359
Al pg/ml 44040| |Length of Waste Fall ft 31
Fe* pg/mi 301 |Inside Diameter of Receving Tank ft 15
cr’ pg/m! 338/ |Flow Rate of Waste gpm 4
Ni*2 pg/ml 121 | Total Pressure in Vapor Space atm 1
K pa/mi 3375] |Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 40939]| | Total Ventilation Flow Rate for Stack cfm 005
NO; ugfmi 164776 { Total Bubbler Flow Rate cfh 3
NO, ' ng/ml 142805| i Temperature of Air in Vapor Space °F 1718
CO,*° ng/ml 14131| |Stream Diameter inches 1
PO,> pg/ml 3266 | |Tortuosity Factor unitless 1
S0,° ug/mil 4194 | |Intral Concentration of NHs In the Vapor Phase |mole/m® 0
F ug/ml 104| |Surface Area of Still Waste m? 16 417
cl’ pg/mi 8998 | |Fumigation Divisor at 100 meters unitiess 1
L ug/mi 0| [Non Funigation Divisor at 100 meters unitless 1
Br' ug/mi 0| |Correction Factor for Schumpe Model unitless 6
%H,0 % 42 87

Specific Gravity unifless 1468

Total Organic Carbon g/l 3228

Cs 137 uCrml 384

Temperature °F 170

S-8-225
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Table $8-18 (Cont'd) $X-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Source Tank |SX 105 INPUT DATA |Date 36539 3753 Revision OiNH;
Dilution Ratio |01 ug/ml
lon MW ¢l {moles/L) hi hi ot 6219
Na*' 2299{ 10 261362 01143] 1171725581 |From Waisenberger & Schumpe (1996) moles/L
AP 26 98 1863 02174 0 35486642 0 365164088
5 55 85 0 00 01161| 6 24862E 05
cr* 52{ 6 491E03 0 0648] 0000420627 |Gas h(T) h (G 0)
Ni*2 5871 2 Q41E 04 01654} 3 37609E-05
K’ 3909| 8 636BE 02 00922] 0007961423|Ammonia 0 0 0481
OH' 17 0074 2 41 00839} 0201958095|Hydrogen 0 299 00218
NGy T 82 0049 2 66 00128] 0034015512 |Methane 0524 00022
NO, "’ 46 0055 310 00795{ 0246775623
CO,° 60 0082 024 0 1423{ 0033508286
PO, 94 9676 003 021191 0007286383
SO, 2 86 0576| 4 366E 02 0111717 0004877295
F 18| 5 466E 03 0092| 0000502894
cr! 35453 2 B38E O1 00318 0008070632
L 694 0 00 0 0754 0
Br' 79 916{ © OOCE +00 0 0269 0
Average
20 71872705 2 072068017
Mass fraction water in lig 043 Temperature
Liquid density (kg/m3) 1468 000 deg F
T(C) 77 170
Temperature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm [NH3
gmoles/L (g )|h (G) Kwater/Ksalt  [(molfkgwtr at [Henrys K Part P atm
Ammonia 0 365164086 00481 1983110415| 7 417920838| 2 35404542 10 155121837
Hydrogen 3 725E 02 1 997E+01 7536E Q4| 2 375E 05| 0 O00QE+00
Methane 2 487E 02 3 604E+(1 8 985E 04 1 569E 05 0 000E+Q0

S-8-226
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Table S$8-18 (Cont'd) SX-105 Ammonia Calculations for WSU Model Worst Case (99 pages)

Max NH3 Conc Based on
Equi NH3 Conc in Vapor Spa | %NHjammay 15 51 % Henrys Law Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours| T sec | NH; molefm®|  %NH; % LFL NH;
00100 36 1 139E 01 033 212
00183 66 2 070E 01 060 iss
0 0333 120 3 705E 01 107 6 88
0 0617 222 6 652E 01 192 12 36
01033 372 1 067E+00 307 19 84
01750 830 1 681E+00 484 3123
0332 1194 2 735E+00 7 88 50 82
0620 2232 3 953E+00 11 39 73 46
1035 3726 4 794E+00 13 81 89 07
227 8154 5 338E+00 15 38 99 21
335 12060 5 377E+00 15 49 99 92
538 19362 5 381E+00 15 50 99 99
8§27 29784 5 381E+00 15 50 9% 99
968 34860 5 381E+00 15 50 99 99
109 39300 5 381E+00 15 50 98 99
132 47640 5 381E+00 15 50 99 99
16 6 59580 5 381E+00 15 50 99 99
Time to fill from 0% to 80%
67 6 243444 5 381E+00 15 50 99 99|at 4gpm
Steady state with
27777 8| 100000000 5 381E+00 15 50 99 99 |continuous addition

S-8-227




This document was too large to scan
as a single document. It has
been divided into smaller sections.

5 Section of 3

Document Information

Document # RPP-4941 Revision 0

Title METHODOLOGY FOR PREDICTING FLAMMABLE GAS
MIXTURES IN DCRT

Date 01/31/2000

Onginator HEDENGREN DC Ongmator Co |CHG

Recipient Recipient Co

References EDT-627275

Keywords AMMONIA, HYDROGEN, METHANE

Projects

Other

Information




RPP-4941 Rev 0 Appendix G

244-S-DCRT

CASE 9

5 9-1



RPP-4941 Rev 0 Appendix G

Authorﬂﬁ&&?L Date lzazéégo Checked by W Date _/ /R A0

SUMMARY:
DCRT 244-S Calculations based on tank 241-5-107
CASE 9 - the inthal condttion of the tank 1s 0% full
- this model calculates the remainder untl fill 1s hit at 80% full with
pumping rate of 4 gpm Inihal fill to 40% at a pumping rate of 4 gpm
- immediate change in pumping rate with no chance to come to
steady state H2 concentration (3 cfh vent rate)
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate vr=3 OOOE Nrtrate Concentration NOy = 1510 ”
iter
Saltwell Waste Specific Gravity p =1238 mole
b Nitnte Concentration NO, = 1020 —
Radiolytic Power of Waste wastepower = 0 000 —— liter
ft sec
mole
Intial DCRT H, Inventory voly = 0000 8 Aluminum Concentrahion Al =0290 e
0
H; Inventory Based on CGM?  flag.,, = no TOC Concentration TOC = 0 000 Z2
ter
CGM Measurement CONCLEY, cgmo = 0 000 %LFL
N Ammonia Concentration NH; = 0 000 %LEFLyy;
DCRT Waste Temperature T=314250K Methane Concentration CH,; = 0 000 %LFL ey
Period 1
Inihal Flow Rate flow = 4 000 &l Time Pumped at Inital Flow Rate  time = 34 000 hr
min
ol
Hydrogen Carryover Rate gr,y yope = 1 471 x 1074 mole Intial Fill Factor = = 0000%
- Iiter tvol
28
or g, =0 122E
Period 2
Second Flow Rate  flow, = 4 000 &l Time pumped at Second flow rate  hm?2 = 35 000 hr
min
ﬁ3 tVOIHuIZ
Hydrogen Carryover Rate  gr i, =0 122E Intial Fill Factor p— = 39825%
(&)
Process Engmeenng
S 107 to 244 S 3cfh case 9a hf med CH2M HILL

Mathcad v2000+
S-9-2
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OUTPUT SUMMARY:
Period 1
gal
Inibal Flow Rate flow = 4 000 —
min
o’l.n.lt
Inthal Fill Factor = 0000%
tvol
Intial Fill Volume  tvol,,, = 0 gal

Inthal H2 Concentration (%LFL) 1h2c = 0000%
Final H2 Concentration {%LFL) fhlc = 4 804%

Uttimate (ss) H2 Concentration (%LFL) uhh2cl = 3 224%

Ultimate (ss) Flammable Gas Concentration (%LFL)

Time Pumped at Inital Flow Rate time = 34 000 hr
Final Fill Factor fif =39825%
Final Fili Volume fiv = 8160 gal

Final Flammable Gas Concentration (%LFL) fige = 4 804%

uhfgel = 3224%

Penod 2

Second Flow Rate  flow, = 4 000 gl
min

tvol
2 39825%

Inhal Fill Factor
tvol

Intial Fill Volume  tvol,,» = 8160 gat

inial H2 Concentration (%LFL)
Final H2 Concentration (%LFL)

th2c2 = 4 804%
th2e2 = 15004 %

Ultmate (ss) H2 Concentration (%LFL) uhh2c2 = 5284%

Ulbmate (ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventilaton

Time to Reach 25% LFL with Loss of Ventlation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventlation

Time pumped at Second Flow Rate hm2 = 35000 hr
Final Fill Factor fif2 = 80821 %
Final Fill Volume fiv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) ffgc2 = 15004%

LFLyat preatiung = 151 492%

ubfge2 = 5284 %

Tlmez_zs%u;-]_, = 15877 day
Tﬂnez_so%LHJ = 61 845 day
T]In%_lOO%LFL = 203 497 day

S 107 to 244 S-3cth case 9a hf med

S

9

3

Process Engineering
CH2M HILL
Mathcad v2000+
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SUMMARY:

Checked byW_ Date _{ A& fa

DCRT 244-S Calculatons based on tank 241-8-107

CASE 9 - the inthai condihion of the tank is 0% full

- this model calculates the remainder undil fill 1s hit at

80% full with pumping rate of 4 gpm Inital fill to 40% at

a pumping rate of 4 gpm

- immediate change in pumping rate with no

chance to come to steady state H2
concentration (vent rate equals 5cfh)
INPUT SUMMARY:
General Data
@ mole
DCRT Ventilation Rate vr = 5000 Kr- Nitrate Concentration NO; =1 510—-] -
1
Saltwell Waste Specific Gravity p =1238 mole
b Nitrite Concentration NO, =1020
Radiolyfic Power of Waste wastepower = 0 000 —— hiter
ft sec
mole
Inthal DCRT H,, Inventory volgpy = 0000 < Aluminum Concentration Al =0290 -
[
2 )

H; Inventory Based on CGM?  flagey, = "no TOC Concentration TOC = 0000 £

CGM Measurement

CONCLEY, cgmo = 0 000 %LFL

ltter

Ammonia Concentration NH; = 0 000 %LFLyys

DCRT Waste Temperature T=314250K Methane Concentration CH, = 0 000 %LFL g4
Period 1
Inhal Flow Rate flow=4 000-531- Time Pumped at Inttal Flow Rate  time = 34 000 hr
mit
ol
Hydrogen Carryover Rate  gr, motar = 1 471 x 1074 mole Intral Fill Factor - ‘;'“ = 0000%
- 0.
P
or gr =0 122;-
Period 2
Second Flow Rate  flow, = 4 000-&'-1- Time pumped at Second flow rate  1Iim2 = 35000 hr
min
ﬂs WOImlﬂ
Hydrogen Carryover Rate  gr, n =0 IZZE Inthal Fill Factor — = 39825%
Ol

8-107 to 244-5-5cfh case 9a hf med

S$-9-4

Process Engineenng
CH2M HILL
Mathcad v2000+
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AumorM Date_4/2¢/c00

Checked by __%M Date_/ /2 6/

OUTPUT SUMMARY:
Peniod 1
gal
Intial Flow Rate flow = 4 000 —=—
min
°1unt
Inthal Fill Factor = 0 000%
tvol
Inhal Fill Volume  tvol,,,; = 0 gal

inthal H2 Concentration (%LFL) 1h2¢c= 0000%

Final H2 Concentration (%LFL) fh2c = 4 729%

Time Pumped at Inttal Flow Rate tume = 34 000 hr
Final Fill Factor fif =39825%
Final Fill Volume fiv = 8160 gal

Final Flammable Gas Concenfration (%LFL) ffgc =4729%

Ultmate (ss) H2 Concentration (%LFL} ubh2cl = 1935%

Ultmate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 1935%

Penod 2
gal
Second Flow Rate  flow, = 4 000 =
it
tvol
Inthal Fll Factor e o 39825%
tvol

inhal Fill Volume  tvol,,;, = 8160 gal

th2c2 = 4729%
th2c2 = 14282 %

Intial H2 Conceniration (%LFL)
Final H2 Concentration (%L.FL)

Time pumped at Second Flow Rate Iim2 = 35 000 hr
Finai Fill Factor fif2 = 80 821%
Final Fill Volume ffv2 = 16560 gal

Final Flammable Gas Concentration (%LFL) figc2 = 14282%

Ulbmate (ss) H2 Concentration (%LFL) uhh2e2 =3 173%

Uibmate (ss) Flammable Gas Concentration (%1 FL)

Maxaimum %LFL with Loss of Ventilation

Time to Reach 25% LFL with Loss of Venhlation
Time to Reach 50% LFL with Loss of Ventlation
Time to Reach 100% LFL with Loss of Ventlation

uhfge2 = 3 173%

LFLuat preathung = 151 492%

T]Inezqzsw’n =16 979 day
Tlmez_so%LH_’ = 62 947 day
Tmlez_loo%LFL = 204 598 day

S 107 to 244 S-5¢fh case 9a-hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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CASE 10

8-10-1



Authorﬂr_&&?anﬁ_ Date_/ /2L / 00

RPP-4941 Rev 0 Appendix G

Determination of Headspace Gas SA Barker
Concentration in a Vertically Oriented DCRT...
Input Data
Input diameter of DCRT (d) DCRT 244-S  Modified for 244-S DCRT Vault Case (Ventlation rate of
e CASE 10a 5 cfh) Use Vertical DCRT for model Wetted surface area
5 set
§G at 1764 sq ft (SX-105 H2 & SX-102 NH3)
Input length of DCRT (L)
B ﬁ%‘%ﬁg%‘:&?“%
Input rate at which the DCRT fills (flow) (mmimum should be a touch gereater than 0,1 ¢ 1x10-6)
SRR . _
e %% flow = 2228 x 1071 sec ! oW _ g 021 x 1076
w{bﬁ%ﬁ%&%ﬁ% 3'%{3;@3%%4 [ﬂsj
Higher Input flow rate br
Ab"'" bﬁ
%\%3%’%%%%; ¢ flowy = 2228 x 10 ¥sec ! flow, - 8021 x 1076
ft
Calculate total DCRT volume (tvol) [EJ
2
tvol =L = (%) Assume DCRT has flat ends [Eqgn 1}
tvol = 65794

Volume of fill at start of pumpmg
= % Ll \% 2 -.‘- .:= S N
E%U"~ ?@%3%%% E”f‘ %3% tvoly,, = 2 191 x 10°#°

& e%%ﬁ&\«eﬁ&& e

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

o W'D ot
¢ =7

el &‘K @

Time at pumpmg rate 2

a:-.n:\fc\.‘b

%@ 2363-% e
Volume of fill at start of pumpmg rate 2
tvoly = tvoly, + time flow tvol, = 2191/

Checked by W Date /@00

Process Enginesrning

Vault—8X-105 H2 & SX-102 NH3to 244 S
DCRT-hf med

5-10-2

CH2M HILL
Mathcad v2000+
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AuthorQ&C_Mz?m Date 44;4/06 Checked "V—W Date_4/Ra /0

volm0 = ﬁ[ﬂagcam = "yes" , CONCyy com {tvol — tvol,,) volmo]

volg = 0 000£° <==== Intal volume of H2 in Headspace

0
Input Ammoma Concentration

& o ﬁt\. V"'l‘-, g l:q.‘.}
b e %‘%‘?ﬁ@ (Reference )
ML

Input Methane Concentration

ML L b e
% WP @{;ﬁ&& (Reference )
R by, SRR

End of Input Section

Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t — tvol,,, hvol(lm) = 4 388 x 10°f° [Eqn 4]
2
Wetted area of full DCRT (horizontal orientation) (ft2) 2z (%) +mdL=2108f [Ean 8]
Wetted area of vertically oriented DCRT (ft2)
. (2)2 o g oWt ol | (3)2 4 (flow t + tvoly) [Eqn 8]
42 2 d
E et
)
Awet(t) = 1764 £ {Eqn 9]
Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 1 764 x 10°f?
Awet(0 hr) = 1764 x 10° Check the answers
Awet(l hr) = 1764 x 10°#* Awet(lum) = 1 764 x 10° 2

Process Engineering
Vault-SX-105 H2 & SX-102 NH3 to 244-S CH2M HILL
DCRT-hf med S-10-3 Mathcad v2000+



RPP-4941 Rev 0 Appendix G
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Calculations:
Calculate DCRT headspace volume (hvol, a function of tume)
hvol2(time) = tvol — flow, time — tvol, hvol2(hm?) = 4 388 x 10°#° [Eqn 4]

Wetted area of vertically oriented DCRT (ft2)

2 flow, t + tvol 2 4 (flow, t + tvol

n[g) g gl mt2 -_-R[EJ N (flow, wni2) [Eqn 8]
d)? d

“ —

)

2
Awet(t2) = 1764 f* [Eqn 9]

Wetted area of full DCRT (vertical orientation) (Ft2)Awet(hm2) = 1 764 x 10° 2

Awet(0 hr) = 1 764 x 10° 2 Check the answers
Awet(1 hr) = 1 764 x 10°#?

Awet(lm2) = 1764 000

Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/liter)

N Nt
%2660 —2_ 23100 Al e 28 38
mole mole mole gn
liter Iiter Iiter hter
Process Engineering
Vault—SX-105 H2 & SX 102 NH3 tc 244 S CH2M HILL
DCRT-hf med Mathcad v2000+
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Checked by M/% Date ¢ _/20-‘/ b

SUMMARY:
DCRT 244-S Modified for 244-S DCRT Vault Case (Ventlation rate of
CASE 10a 5 c¢fh) Use Vertical DCRT for model Wetted surface area
set
at 1764 sq ft (SX-105 H2 & SX-102 NH3)
INPUT SUMMARY:"
General Data
3
DCRT Ventilation Rate w=3 0001};~ Nitrate Concentration

Saltwell Waste Specific Gravity p = 1468

Radiolytic Power of Waste

inkal DCRT H, Inventory

H, Inventory Based on CGM?

b Nitrite Concentration

wastepower = 1 218 ——
ft sec’

trat
VO1m0 = 00008° Aluminum Concentration

flagegm = 1O TOC Concentration

NO, = 2 66022
Tuter

NO, = 3 100 2%
hiter

Al = 1 630 20l
liter

TOC = 3 228 2=
Titer

CGM Measurement CONCLEY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 72 000 %LFLyyy3
DCRT Waste Temperature T=348150K Methane Concentration CH, = 0 000%LFLcyq
Penod 1
Inibal Flow Rate  flow = 1000 x 1082 Time Pumped at Inital Flow Rate  tume = 1 000hr
min
Hydrogen Carryover Rate gr. notar = 0 000 mole Iniial Fill Factor =33300%
= hiter tvol
P
or ol = 0000 E
Period 2
Second Flow Rate flow, = 1000 x 10‘6-&1- Time pumped af Second flow rate  Iim2 = 1 000hr
min
#
Hydrogen Carryover Rate  gr,;,=0 000-1; Invthal Fill Factor e 33300%
0

Vault—SX-105 H2 & SX-102 NH3 10 244-8

DCRT hf med

S-10-5

Process Engineering
CH2M HILL
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RPP-4941 Rev 0 Appendix G

AUthOf_g&f;gMJ%ae-_ Date MGG
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OUTPUT SUMMARY:
Period 1

Intal Flow Rate  flow = 1 000 x 10°6 22
man

OIImt

Intal Fill Factor =33300%

tvol

Inhal Fill Volume  tvol,,; = 16389 gal
Inbal H2 Concentration (%LFL)} ih2c = 0000%

Final H2 Concenfration (%LFL) fi2c =0043%

Time Pumped at Inital Flow Rate tume = 1 000 hr
Final Fill Factor fif = 33300%
Final Fill Volume ffv = 16389 gal

Final Flammable Gas Concentration (%LFL) ffgc = 72043 %

Ultmate (ss) H2 Concentration (%LFL) vhh2ct = 37217%

Ulimate (ss) Flammable Gas Concentration (%LFL)

uhfgel = 109217%

Penod 2
Second Flow Rate flow, = 1000 x 10-5 -8
min
tvol
Intial Fill Factor o 33300%
tvol

Inthal Fill Volume  tvol,,» = 16389 gal

1h2¢2 = 0043 %
th2c2 = 0086%

Initral H2 Concentration (%LFL)
Final H2 Concentration (%LFL)

Time pumped at Second Flow Rate lm2 = 1 000hr
Final Fill Factor fif2 = 33 300 %
Final Fill Volume ffv2 = 16389 gal

Final Flammable Gas Concentration (%LFL) ffgc2 = 72 086%

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 37217 %

Ultimate {(ss) Flammable Gas Concentration (%LFL)
Maximum %LFL with Loss of Ventilation

Time to Reach 25% LFL wath Loss of Ventilation
Time to Reach 50% LFL with Loss of Ventilation
Time to Reach 100% LFL with Loss of Ventlation

uhfge2 = 109217 %

LFLoa; preathing = 221 061%

T]Inez_zs%LFL = 0000 day
Tlmez_so%LFL = 0000 day
Tlnl&z_mo ALFL = 0000 day

Vault—SX-105 H2 & SX 102 NH3 to 244 §
DCRT-hf med

Process Engineenng
CH2M HILL
Mathcad v2000+
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Determination of Headspace Gas SA Barker
Concentration in a Vertically Oriented DCRT...
Input Data

Input diameter of DCRT (d) DCRT 244-S  Modified for 244-S DCRT Vault Case (Ventlation rate of 5
CASE 10b cfh) Use Vertical DCRT for model Wetted surface area set at

@%& ¥ 1764 sq ft (Heel in 244-S DCRT)

Input length of DCRT (L)
Lo

Input rate at which the DCRT fills (flow) (mmimum should be a touch gereater than 0, 1 e, 1x10-6)

S

‘”‘% H50  flow=2228x 10 sec’ flow _ 8021 x 1078

- a

Higher Input flow rate hr
sk flowy=2228x 107 se0 ! A% e 021 x 1676
ft
Calculate total DCRT volume (tvol) (EJ
2

tvol =L-x (%) Assume DCRT has flat ends [Eqn 1]

tvol = 65791°
Volume of fill at start of pumpmg

3:& S o "%1”_%?

ﬁ%ﬁ%"% cown @?%% tvoly, = 2 191 x 10383

&E@%@@ﬁ%@%&%ﬁ%ﬁ
Time at start of pumping rate 2 (MUST be an INTEGER)

BT
Time at pumping rate 2

Sl
Volume of fill at start of pumping rate 2

tvoly = tvol,,, -+ time flow tvol, = 2191 i

Process Engineenng
Vault—Heel in 244-S to 244-S DCRT hf mcd CH2M HILL

$=10-7 Mathcad v2000+
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Author_n&_f_ﬂde?ag_ Date1L§L2 oo Checked by_W_ Date _/ [/

volyp = ﬂ[ﬂagcgm = "yes" , conCyy ogm (tvol - tvolm),volm;l

voly, =0 000£° <==== |nihal volume of H2 in Headspace
[

Input Ammoma Concentration
""‘%‘?‘%"’3 3:%5 i ‘03-:3\:%&3
MBI oo )
Input Methane Concentration
TR ety
Horfiilae  Reforencs )
End of Input Section

Calculations.
Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t — tvol,, hvol(lm) = 4 388 x 10° & {Eqn 4]
2
Wetted area of full DCRT (horizontal orientation) (ft2) 2n (%J +n dL = 21087 [Ean 8]
Wetted area of vertically oriented DCRT (ft2)
2 flow t + tvol 2 4 (flow t + tvol,,
1:(2) +pd— 2 =1|:(£) + (ow 2 l) [Ean 8]
a2 2 d
n e
5
Awet(t) = 1764 ¢ [Eqn 9]
Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 1764 x 10°f?
Awet(0 hr) = 1764 x 10°f# Check the answers
Awet(1 hr) = 1764 x 10° 7 Awet(lim) = 1764 x 10° 8>

Process Engineening

Vault—Heel in 244-S to 244 S DCRT-hf med CH2M HILL
$-10-8 Mathcad v2000+
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Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(tume) = tvol — flow, time — tvol,, . hvol2(hm2) = 4 388 x 10° 43 [Eqn 4]

Wetted area of vertically oniented DCRT (ft2)

2 2
d flowy t + tvolyy d 4 (flowy t + tvol,
{8} f g2t T a2y _ () ( o) [Eqn 8]
2 a2 2 d
ﬂ —
2
Awet(tt2) = 1764 [Eqn 9]

Wetted area of full DCRT (vertical orentation) (ft2)awet(hm2) = 1 764 x 16°#°

Awet(0 hr) = 1764 x 10°f% Check the answers
Awet(l hr) = 1764 x 10°f?

Awet(lm2) = 1764 000

Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/hter)

N NO
O 1260 —2_ 1030 A __o00 -2C i3m0
mole mole mole gm
Inter Iiter later Iiter
Pracess Engineering
Vault-Heel in 244 S to 244 S DCRT-hf med CH2M HILL

Mathcad v2000+
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| Authorg&_(a_%“m Date_LE_,Zé ©0 Checked byW pate ¢/ 26/c
|

-S-U—MM DCRT 244-S Modified for 244-S DCRT Vault Case (Ventlation rate of S
CASE 10b cfh) Use Vertical DCRT for model Wetted surface area set at
1764 sq ft (Heel in 244-S DCRT)

INPUT SUMMARY:
General Data
> mole
DCRT Ventlatton Rate vr=35 OOOE Nitrate Concentration NO; =1 260 -
Saltwell Waste Specific Gravity p =1150 mole
b Nitnte Concentration NO,=1030—
Radiolylic Power of Waste wastepower = 0422 —— liter
ft sec
mole
Inttial DCRT H,, Inventory VOIHzo - 00008 Alumihum Concentrahion Al = 0000 e
H; Inventory Based on CGM?  flag ,,, = no TOC Concentration TOC = 1 380 %
1
CGM Measurement CORCLEY, cgmo = 0 000 %LFL
- Ammonia Concentration NHj; = 0 290 %LFLyys

DCRT Waste Temperature T =313 150K Methane Concentration CH, = 0 000 %LFL gy

Period 1

Inibal Flow Rate flow = 1000 x 10"6g—‘11 Time Pumped at Inital Flow Rate  time = 1 000hr

min
ol
Hydrogen Carryover Rate  gr.; morar = 0 000 mole Intial Fill Factor o - 33300%
- hiter tvol
P
of gy =0 OOO-hT
Period 2
Second Flow Rate flow, = 1000 x 10‘621— Time pumped at Second flow rate  Iim2 = 1 000hr
min
ﬁ3 tv°11mt2
Hydrogen Carryover Rate  gr,,,=0 000-}; Inthal Fill Factor — =33300%
[+

Process Engineenng
Vauit—-Heel In 244-S to 244-5 DCRT hf mcd CH2M HILL
$-10-10 Mathcad v2000+
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OUTPUT SUMMARY:
Period 1
Inhal Flow Rate  flow = 1 000 x 10"‘% Time Pumped at Inttal Flow Rate tme = 1 000 hr
Initial Fill Factor tvt:::’t =33300% Final Fill Factor ff = 33300%
Inital Fill Volume  tvol,,,, = 16389 gal Final Fili Volume fiv = 16389 gal

Inhal H2 Concentration (%LFL) 1h2e¢ = 0000%

Final H2 Concentration (%LFL) fh2c = 8364 x 10 °% Final Flammable Gas Concentration (%LFL) ffgc = 0298%

Ulimate (ss) H2 Concentration (%LFL) uhh2cl = 7324%

Ultmate (ss) Flammable Gas Concentraton (%LFL)  uhfgcl = 7614%

Period 2
Second Flow Rate  flow, = 1 000 x 10"‘3—al Time pumped at Second Flow Rate hm2 = 1000hr
min
tvol,pin
Inibal Fill Factor sl = 33300% Final Fil} Factor fif2 = 33 300 %
(¢]
Intial Filt Volume  tvol,,¢; = 16389 gal Final Fill Volume ffv2 = 16389 gal

inthal H2 Concentration (%LFL)  1h2c2 = 8364 x 107°%
Final H2 Concentration (%1LFL) fh2c2=0017% Final Flammable Gas Concentrahon (%LFL) ffac2 = 0307%

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 7 324%
Ultmate (ss) Flammable Gas Concentration (%LFL) uhfge2 = 7614%
Maximum %LFL with Loss of Ventilation  LFL,,; treaiung = 43 896 %

Time to Reach 25% LFL with Loss of Ventiation Time, psopr, = 141 075 day
Time to Reach 50% LFL with Loss of Ventilation Time, sgoqpr, = 10 000 x 108 day
Timne to Reach 100% LFL with Loss of Venhlation Timey 1095p1, = 10 000 x 10® day

Process Engineering

Vault—Heel in 244 S to 244 S DCRT hf med $-10-11 CH2M HILL
Mathcad v2000+
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| -
' Author o & <. ﬂg %& Date / o0 Checked by(}?b iﬁj\«»— Date l! 2 6/ 00
SUMMARY:
DCRT 244-TX Calculations based on tank 241-T-110
CASE 1 - the inihal condiicn of the tank 1s 0% full
- this model calculates the remainder until fiil 1s hit
at 80% full with pumping rate intially of 4 gpm
to 40% full
- immediate change in pumping rate of 4 gpm
with no chance to come to steady state H2
concentration
INPUT SUMMARY:
General Data
3
DCRT Ventilation Rate vr=3 000-1-:-; Nitrate Concentration NO; = 0300 I:::::
Saliwell Waste Specific Gravity p = 1060 mole
Nitnte Concentration NO, = 0000
Radiolytic Power of Waste wastepower = 1 065 x 1070 hter
mole

Inttal DCRT H, Inventory VOleo — 00008 Aluminum Concentration Al = 0000 tor
Hz Inventory Based on CGM?  flag.gy, = "no” TOC Concentration TOC = 0045 -l%

CGM Measurement

DCRT Waste Temperature T=293150K

CONCLFL, vgmo = 0 000 %LFL

Ammonia Concentration NH; = 0 000 %LFLyyps

Methane Concentration CH, = 0 000 %LFLcy4

Period 1
gal

Inhal Flow Rate flow = 4 000 ——
min

Hydrogen Carryover Rate gry mopsr = 4 681 x 10

3
oF  gry= 0361%

_4 mole

Time Pumped at Intal Flow Rate time = 52 000hr

ol it

tvol

inhal Fil} Factor = 0000%

-,

Pertod 2

Second Flow Rate  flow, = 4 000-g£1-
min

Hydrogen Carryover Rate  gr, 1, = 0361 g

Time Pumped at Second Flow Rate hm?2 = 52 000 hr

tVOlmla
tvol

Inihat Fill Factor = 40 240%

Case 1-T-110 to 244-TX H2 hf med

Process Engineenng
CH2M HILL

TX-1-2 Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
inhal Flow Rate flow = 4 000 % Time Pumped at Inital Flow Rate time = 52 000 hr
Intial Fill Factor tvt:::'t = 0000% Final Fill Factor fif = 40 240%
Inthal Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 12480 gal

Inial H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentraton (%LFL) fh2c = 14 251% Final Flammable Gas Concentration (%LFL)} ffgc = 14251%

Ulbmate (ss) H2 Concentration (%LFL) uhh2cl =4 519%

Ultimate (ss} Flammable Gas Concentration (%LFL) uhfgel = 4 519%

Penod 2
Second Flow Rate flow, = 4 000 &l Time Pumped at Second Flow Rate ~ lm2 = 52 000 hr
min
tvol, iz
Inthal Fill Factor ra 40 240% Final Fill Factor fif2 = 80479%
0,
Initrial Fill Volume  tvol,,,p = 12480 gal Final Fill Volume fiv2 = 24960 gal

Inthal H2 Concentration {(%LFL) th2¢2 =14 251 %

Final H2 Concentration (%LFL)  fh2c2 = 42 965% Final Flammable Gas Concentration  ffge2 = 42 965%
Ultimate (ss) H2 Concentration (%LFL) Uitimate (ss) Flammable Gas Concentration (%LFL)
uhh2¢2 = 7 101% uhfge2 = 7 101%

Maximum %LFL with Loss of Ventilation  LFLy, preqihung = 133 281%
Time to Reach 25% LFL with Loss of Ventilation  Time, jeq.51, = 0 000day
Time to Reach 50% LFL with Loss of Ventilation  Time, sy g1 = 17 061 day

Time to Reach 100% LFL with Loss of Ventitabon  Time, jog0u 51, = 210 025 day

Process Engineenng
Case 1-T-110 to 244-TX-H2-hf mcd CH2M HILL
TX-1-3 Mathcad V2000+
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SUMMARY:
DCRT 244-TX Calculations based on tank 241-T-110
CASE 1 - the iniial condibon of the tank 1s 0% full
- this model calculates the remainder until fill s hit
at 80% full with pumping rate of 4 gpm
to 80% full Time i1s adjusted on second step at
neghgible flow to obtain 105% of steady state %LFL
INPUT SUMMARY:
General Data
f’ mole
DCRT Ventlaton Rate =3 OOOE Nirate Concentration NO; =0 300?&;
8
Saltwell Waste Specific Gravty p = 1060 mole
Nitrite Concentration NO, = 0000
Radiolyic Power of Waste wastepower = 1 065 x 107° liter
mole
Inital DCRT H, Inventory vol, = 0000 & Aluminum Concentration Al=0 000—1“3r
0

H, [nventory Based on CGM?  flag,,, = "no"

CGM Measurement

DCRT Waste Temperature T =293 150K

CONCLpy, cgmo = 0 000 %LFL

TOC Concentration TOC = 0045 gz
liter

Ammonia Concentraton NH; = 0 000 %LFLyy3

Methane Concentration CH, = 0 000 %LFL oy

Period 1

Inthal Flow Rate flow = 4 000-&
min

Hydrogen Carryover Rate grsol_molar = 4681 x ]0-4 11111:::‘:

ﬂ;3
O gy =036l

Time Pumped at Inital Flow Rate time = 104 000 hr

tvol .
tvol

Inthal Fill Factor = 0000%

Pertod 2

Second Flow Rate flow, = 1 000 x 10-5..g.a.l.
min

Hydrogen Carryover Rate  gr, ., = 9 026 10"’%3-;

Time Pumped at Second Flow Rate  1m2 = 1242 x 10°hr

WOlma
tvol

Inthal Fill Factor = 80479%

Case 1 Worst Case H2-T-110 dissolved H2 to
244-TX hf med

Process Engineenng
CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY:
Pertod 1
Inital Flow Rate flow = 4 000 ﬁ% Time Pumped at Inttal Flow Rate tune = 104 000 hr
inal Fill Factor Wt::;m = 0 000% Final Fill Factor £ = 80 479%
Inial Fill Volume  tvol,; = Ogal Final Fill Volume fiv = 24960 gal

Intal H2 Concentration (3%6LFL) 1h2¢ = 0 000%
Finat H2 Concentration (%LFL) fh2c = 42 965%

Ulbmate (ss) M2 Concentration (%LFL) uhh2cl =7101%

Ultimate (ss) Flammable Gas Concentration (%LFL) ubfgcl = 7 101 %

Period 2
Second Flow Rate  flow, = 1 000 x Io“ﬁg—al- Time Pumped at Second Flow Rate
mun
tvol, itz
Inthal Fill Factor ] 80479% Final Fill Factor fif2 = 80 479%
()

Final Fill Volume fiv2 = 24960 gal

Intbal Fill Volume  tvol,,,; = 24960 gal

inthal H2 Concentrahon (%LFL) 1h2c2 = 42 965%

Final H2 Concentration (%LFL) fh2c2 = 7456% Final Flammable Gas Concentration

Ulbmate (ss) H2 Concentration (%LFL)

uhh2¢2 == 7 101% ubfge2 = 7 101%

Maximum %LFL with Loss of Ventilation  LFL 4 preattung = 133 283 %
Time to Reach 25% LFL with Loss of Ventitaion  Time) 5501, = 31 590 day
Time to Reach 50% LFL with Loss of Ventitation  Time, sgo; 7, = 86 815 day

Time to Reach 100% LFL with Loss of Ventilabon  Time; 1gp0q.p, = 279 772 day

Case 1-Worst Case H2-T-110 dissolved H2 to

244-TX-hf med
TX-1-5

Final Flammable Gas Concentration (%LFL) ffgo = 42 965%

Im2 = 1242 x 10°hr

ffge2 = 7 456%

Ulbmate (ss) Flammable Gas Concentration (%LFL)

Process Engineenng
CHZM HILL
Mathcad V2000+
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SUMMARY:
DCRT 244-TX Calculations based on tank 241-T-110
CASE 2 - the iniial condition of the tank 1s 0% full
- this model calculates the remainder until fill 1s hit
at 80% full with pumping rate inmbally of 4 gpm
to 40% full
- immediate change in pumping rate of 4 gpm
with no chance to come to steady state H2
concentration
INPUT SUMMARY:
General Data
i mole
DCRT Ventlaton Rate vr = 3 000 . Nitrate Concentration NO; =0300 T
1
Saltwell Waste Specific Gravity p = 1 060 mole
b Nitrite Concentration NO, = ¢ 000
Radiolytic Power of Waste wastepower = 1 065 x 1073 — Liter
ft sec
mole
Inttial DCRT H, Inventory ol = 00008 Aluminum Concentration Al =0000-——
Hz Inventory Based on CGM?  flag.g, = "no” TOC Concentration TOC = 0045 ;ﬂ
ter
CGM Measurement CONCLFY, cgmo = 0 000 %LFL
- Ammoma Concentration NH; = 0 000 %LFLyy3
DCRT Waste Temperature T=293150K Methane Concentration CH; = 0 000 %LFL g
Penod 1
Intial Flow Rate flow = 4 000-531— Time Pumped at Inital Flow Rate time = 52 000hr
min
.4 mole tvol
Hydrogen Carryover Rate  gr; jnotae = 4 681 x 107" —— initial Fill Factor =0000%
= hiter tvol
#
or gl'wl =0 361 -hr_
Period 2
Second Flow Rate flow, =4 000-531— Time Pumped at Second Flow Rate  Iim2 = 52 000 hr
min
i vol,pyy
Hydrogen Carryover Rate  gr, ., = 0 361 = Inthial Fill Factor == 40240%
0
Process Engineenng
T-110 to 244-TX-H2-case 2-hf mcd CH2M HILL

Mathcad V2000+
TX-2-2
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OUTPUT SUMMARY:
Penod 1
Inihal Flow Rate flow=4 000% Time Pumped at Inital Flow Rate time = 52 000 hr
Intial Fill Factor wt:LTt = 0000% Final Fill Factor 1 = 40 240%
Intial Fill Velume  tvol,, = 0 gal Final Fill Volume ffv = 12480 gal

Inihal H2 Cencentration (%LFL) ih2c=0000%

»
Final H2 Concentration (%LFL) fh2c = 14251% Final Flammable Gas Concentration (%LFL) ffgc = 14251%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 4519%

Utimate (ss) Flammable Gas Concentration (%LFL} uhfgcl = 4519%

Penod 2
Second Flow Rate flow, =4 000-531— Time Pumped at Second Flow Rate  Iim2 = 52 000hr
ivi]
tvolyeo
Inthal Fill Factor — = 40 240% Final Fill Factor 2 = 80479%
(V)
Inthal Fill Volume  tvol,,» = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inhal H2 Concentration {(%LFL) th2c2 = 14 251 %

Final H2 Concentration (%LFL)  fth2c2 = 42 965% Final Flammable Gas Concentration  ffge2 = 42 965%
Ulbmate {(ss) H2 Concentraton (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
uhh2¢2 = 7 101% uhfge2 = 7 101%

Maxamum %LFL with Loss of Ventlation  LFL ., yreqtung = 133 281%
Time to Reach 25% LFL with Loss of Ventilation  Time, 504 51, = 0 000day
Time to Reach 50% LFL with Loss of Ventilation  Tume, o9, = 17 061 day

Time to Reach 100% LFL with Loss of Ventilaton  Time, 1990051 = 210 025 day

Process Engineenng
T 110 to 244-TX H2 case 2-hf med CH2M HILL
Mathcad V2000+
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Table TX-1 _T-110 Ammonia Calculations from Schumpe Model (3 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-TX

Source Tank T-110
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-TX

Liguid Waste Charactenistics (Source Tank) Tank Characteristics {(Recetving Tank)
Parameter Units Value Parameter Units Value
NH; ng/mi 1| |Percent Fill of Receiving Tank % 50
Na'! ug/mi 36950/ |Volume of Vapor Space L 58700
Al pg/ml 5| [Length of Waste Fall ft 6
Fe* ug/ml 5 |inside Diameter of Receiving Tank ft 12
cr*’ pg/mi 35| |Flow Rate of Waste gpm 4
Ni*? pg/ml 2| |Total Pressure In Vapor Space atm 1
K pgiml 327/ |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ng/ml 0| |Total Ventilation Flow Rate for Stack ¢fm 005
NO3 ' pua/iml 18300| [Total Bubbler Flow Rate cfh 3
NO, ' ug/ml 59| |Temperature of Arr in Vapor Space F 1198
COs* pg/mi ¢| |Stream Diameter Inches 1
PO.® ng/ml 17000| |Tortuosity Factor unitiess 1
80,° pg/ml 4360| |Inthal Concentration of NHs In the Vapor Phase [mole/tn’ 0
F! pg/mil 4220 |Surface Area of Still Waste m? 3902
ct! pg/mi 958| [Fumigation Divisor at 100 meters unitiess 1
L*! pg/mi 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correchion Factor for Schumpe Model unitless 1
%H,0 % 86 78
Specific Gravity unitiess 106
Total Organic Carbon [g/] 0 045
Cs-137 nCi/mi 0 00336
Temperature °F 68

TX-3-2
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DCRT 244 TX
Case 3
Table TX-1 (Cont'd) T-110 Ammonia Calculations from Schumpe Model (3 pages)
Source Tank |T-110 INPUT DATA |Date 36546 48277 Revision OINHa
Dilution Ratio [0 1 ug/mi
lon MW ¢t {moles/L) i hi*ct 1
Na*! 2299| 1607221 01143] 0 183705356|From Weisenberger & Schumpe (1996)  |molesiL
A 26 98 0 00 02174] 4 02891E-05 5 87175E-05
Fe*® 55 85 0 00 01161 1 03939E-05
cr 52| 6 644EF 04 00648{ 4 30546E-05|Gas h(T) h (G 0)
Ni* 5871| 3407E05 0 1654] 5 63447E-06
K 3909 8 365E 03 00922| 0 000771283|Ammonia 0 -0 0481
OH' 17 0074 0 00 00839 0|Hydrogen -0 299 -00218
NO, ! 62 0049 0 30 00128} 0008777777 |Methane 0524 00022
NO, ! 46 0055 0 00 00795 0000101955
€0o,° 60 0052 000 01423 0
PO, 94 9676 018 02119 0037931799
80,° 96 0576{ 4 B39E 02 01117 0005070003
F' 190 2 221E 01 0092| 0020433674
cr! 35453| 2 702E 02 00318 000085929
Lt 694 0 00 Q0754 0
Br! 79 916] 0 OOOE+00 0 0269 0
Average
2 386505214 0 252750509
Mass fraction water in g 087 Temperature
Liqund density (kg/m3) 1060 000 deg F
T (C) 20 68
Temperature
deg C
20
PNL 10785
Schumpe Schumpe pure water K _Imol/L(lig) atm |NH3
gmoles/L (lig )|h (G) Kwater/Ksalt __ |(molkgwir at |Henry s K Part P _atm
Ammonia 5 87175E-05 00481 1373914187| 77 21353786 51 69628738 | 1 13552E-06
Hydrogen 2 031E-02 1 601E+00{ 8 0B4E-04] 4 645E-04] 0 ODDE+(0
Methane 4 820E-03 1838E+00] 1572E-03] 7468E-04] 0 0GO0E+00

TX~3-3
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DCRT 244 TX
Case 3
Table TX-1 (Cont'd) T-110 Ammonia Calculations from Schumpe Model (3 pages)
Max NH3 Conc Based on
Equi NH3 Conc in Vapor Space % NHymax) 000 % Henry's Law Constant
Varilable Variable Variable
Delta C Delta C Delta C
Time hours| T sec NH, mole/m®|  %NH, % LFL, NH,
00100 36 2 529k 06 000 000
00183 66 4 522F 06 000 000
0 0333 120 7 865E 06 000 000
00617 222 1 341E 05 0 00 000
01033 372 2 001E 05 000 0 00
01750 630 2810E 05 000 0 Qo
0332 1184 3722E 05 0 00 0 00
0 620 2232 4 197E 05 000 000
1035 3726 4 289E 05 0 00 0 00
227 8154 4 297E 05 0 00 000
335 12060 4 297E 05 000 000
538 19362 4 297E 05 000 400
827 29784 4297E 05 0 O 0 00
968 34560 4 297€ 05 000 000
109 39300 4 297E 05 000 000
132 47640 4 207E 05 000 0 00
166 59580 4 297E 05 0 00 0 00
417 150000 4 297E 05 000 000
Time to fill from 0% to 50% at
64 6] 232605 4 297E 05 000 0 00j4gpm

TX-3-4
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SUMMARY:
DCRT 244-TX Calculations based on tank 241-T-110
CASE 3 - the inthal condition of the tank 1s 0% full
- this model calculates the remainder until fill s hit
at 80% full with pumping rate inihally of 4 gpm
to 40% fuil
-immediate change in pumping rate of 4 gpm
with ho chance to come to steady state H2
concentrabon Ammonia and methane added in
INPUT SUMMARY:
General Data
DCRT Ventifation Rate vr=3 ooog Nitrate Concentration NO; = 0300 [ll:t(:::
Saltwell Waste Specific Gravity p = 1060 mole
p Ninte Concentration NO, = 0000
Radiolytic Power of Waste wastepower = 1 065 x 107> —— liter
e Aluminum Concentration Al=0 OOO_mile_
Inthal DCRT H;, Inventory voly, = 00004’ = hter
L]
Ha Inventory Based on CGM?  flag,g,, = "no" TOC Concentration TOC = 0045 %
CGM Measurement CONCLpy, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %L Ly
DCRT Waste Temperature T =293 150K Methane Concentration CH, = 9 930%LFLas
Penod 1
Inihal Flow Rate flow = 4 (}00-531- Time Pumped at Inital Flow Rate time = 52 000hr
mn
ol
Hydrogen Carryover Rate  gr,; monr = 4 681 x 107% mole Intial Fill Factor = = 0000%
- Iiter tvol
el
or ool = 0361 E
Penod 2
Second Flow Rate flow, = 4 oooial- Time Pumped at Second Flow Rate hm?2 = 52 000 hr
min
ﬂ3 tVOImItZ
Hydrogen Carryover Rate  gr 5 = 0361 = inral Fill Factor e 40 240%
(8)
Process Engineenng
T-110 to 244-TX-H2 with NH3 and CH4-case 3- CH2M HILL

hf med TX-3-5 Mathcad v2000+
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OUTPUT SUMMARY:
Period 1
Inthal Flow Rate flow = 4 000-521— Time Pumped at inital Flow Rate time = 52 000 hr
mun
1
Inthal Fill Factor t: ';‘" = 0 000% Final Fill Factor fif = 40 240%
Q)
Intial Fill Volume  tvol,,, = 0 gal Final Fill Volume fiv = 12480 gal

Inial HZ Concentrafion (%LFL) 1h2¢c = 0000%

Final H2 Concentration (%LFL) fh2c = 14251% Final Flammable Gas Concentration (%LFL) fige =24 181%

Ultimate (ss) M2 Concentration (%LFL) uhh2¢l = 4519%

Ultmate (ss) Flammable Gas Concentration (%LFL} uhfgcl = 4519%

Period 2
Second Flow Rate  flow, = 4 000-gi Time Pumped at Second Flow Rate  hm2 = 52 000 hr
min
tvol,niz
Inthal Fill Factor —= 40 240% Final Fill Factor fif2 = 80 479%
0,
Inthal Filt Volume  tvol,,,, = 12480 gal Fnal Fill Volume ffv2 = 24960 gal

Inhal H2 Concentration (%LFL) th2e2 = 14 251 %

Finai H2 Concentration (%LFL)  fh2c2 = 42 965% Final Flammable Gas Concentration  ffge2 = 52 895%
Ultimate (ss) H2 Concentration (%LFL) Ulhmate (ss) Flammable Gas Concentration (%LFL)
uhh2c2 = 7 101% uhfge2 = 7 101%

Maximum %LFL with Loss of Ventilation  LFL,,.¢ preatiung = 133281 %
Time to Reach 25% LFL. with Loss of Ventilation  Time, 55 5, = 0 000day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgo5 57, = 0 000day

Time to Reach 100% LFL with Loss of Ventlation Time, jo90rr, = 155 094 day

Process Engineenng
T-110 to 244-TX-H2 with NH3 and CH4 case 3- CH2M HILL
hf med TX-3-6 Mathcad V2000+
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SUMMARY:
DCRT 244-TX Calculations based on PFP waste
CASE 4 - the initral condition of the tank 1s 3% full
- this model calculates the remainder unti fil! 1s hit
at 80% full with pumping rate inthally of 50 gpm to 42% full
- immediate change In pumping rate of 50 gpm with no chance to come
to steady state H2 concentrabon  Ammotia and methane are zero
- PFP waste modeled as water since that 1s the most conservative for
this case s dominating mechanism {corrosion)
INPUT SUMMARY:
General Data
i mole
DCRT Ventlaton Rate vr=3 OOOE Nifrate Concentration NO3=0 OOO—ter-
it
Saltwell Waste Specific Gravity p =1 000 mole
b Nitrite Concentration NO, = 0000——
Radiolytic Power of Waste wastepower = 0000 —— liter
ft sec
mole
intial DCRT H, inventory ok, = 00008 Aluminum Concentraton Al = 0000
[)

H, Inventory Based on CGM?  flag,,, = no"

CGM Measurement CONCLEY, cgmo = 0 000 %LEL

DCRT Waste Temperature T =293 150K

TOC Concentration

Ammonia Concentration

Methane Conceniration

TOC = 0000 -2
hter

NH; = 0 000 %LFLyg

CHy = 0 000 %LFLyyy

Penod 1

flow = 50 00022
min

Initial Flow Rate

mole
Inter

Hydrogen Carryover Rate gr., pop,, = 0000

ﬁ3
o gr=0000—

Time Pumped at Intal Flow Rate time = 4 000hr

Initial Filf Factor

o 3000%
tvol

Period 2

Second Flow Rate  flow, = 50 000=— gal
man
3

Hydrogen Carryover Rate  gr =0 OOO—ﬁh;

Time Putnped at Second Flow Rate

Inthal Fill Factor

tvol

him2 = 4000hr

2 - 41692%

T 110 to 244 TX H2 wath NH3 and CH4-case 4-
hf med

TX-4-2

Process Engineenng
CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY.
Perrod 1
Inittal Flow Rate flow = 50 000 gl Time Pumped at Inital Flow Rate time = 4 000 hr
min
tvol,ny
Iniial Fill Factor p—r =3000% Final Fill Factor fif = 41 692%
0.
Inthal Fill Volume  tvol,,, = 930 gal Final Fill Volume fiv = 12930 gal

Inthai H2 Concentration (%LFL) 1h2c = 0000%
Final H2 Concentration (%LFL) fh2c=0013%

Ulhimate (ss) H2 Concentration (%LFL} uhh2cl = 4 606%

Ultmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 4 606%

Final Flammable Gas Concentraton (%LFL) ffgec = 0013%

Penod 2
Second Flow Rate  flow, = 50 000 -g-al
mim
tVOI,ma
Inthal Fili Factor - =41692% Final Fili Factor
0

Intial Fill Volume  tvol,,y = 12930 gal Final Fill Volume

Inthal H2 Concentration (%LFL) 1h2c2 =0013%
Final H2 Concentration (%LFL) fh2¢2 = 0062%
Ulbmate (ss) H2 Concentrabon (%LFL)

uhh2c2 = 7 093 %
Maximum %LFL with Loss of Ventilation  LFL,,,; preathung = 132 530%
Time to Reach 25% LFL with Loss of Ventilation  Time, ysoy 5. = 32 414 day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgoq = 88 099 day

Time to Reach 100% LFL with Loss of Ventilation Time, 1gge451, = 284 021 day

Time Pumped at Second Flow Rate  hm?2 = 4 000hr

fif2 = 80384 %

fv2 = 24930 gal

Final Flammable Gas Concentration  ffgc2 = 0062%

Ulimate (ss) Flammable Gas Concentration {%LFL)
uhfge2 = 7093 %

T-110 to 244-TX-H2 with NH3 and CH4-case 4-
hf med

TX-4-3

Process Engineenng
CH2M HILL
Mathcad V2000+
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SUMMARY:
DCRT 244-TX  Calculations based on tank 241-T-110
CASE 5 - the inthal condiion of the tank 1s 0% fuil
- this modei calulates the remainder untl fill 1s hit
at 10% full with pumping rate intbally of 4 gpm
to 10% full
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate vr=3 Ooo-ﬁ; Nitrate Concentration NO; =0 300-1;t-e-r-
Saltwell Waste Specific Gravity p =1 060 mole
, Nirte Concentration NO, = 0 000
Radiolytic Power of Waste wastepower = 1065 x 107> ; hter
ft sec
mole
Inital DCRT H, Inventory VOlmo = 00008 Aluminum Concentration Al = 0000 e

Hs Inventory Based on CGM?

flag.gm = "no TOC Concentraton

TOC = 0045 22
Titer

NH; = 0 000 %LFLygs

CH4 = 9 930 %LFLCH4

CGM Measurement CONCyF, ogmo = 0 000 %LFL
- Ammonia Concentration
DCRT Waste Temperature T =293150K Methane Concentration
Period 1
inital Flow Rate flow = 4 000 gl Time Pumped at Intal Flow Rafe time = 6 000hr
min
ol
Hydrogen Carryover Rate gr,,; .= 4 681 x 107* mole Inthal Fill Factor - ’;“ = 0000%
- (&)

oF  greg= 0361{—

Period 2

Second Flow Rate  flow, = 4 000 =
min

Hydrogen Carryover Rate

Blel2 = 0361—h'1:'

gal

8
Inrhal Fill Factor

Time Pumped at Second Flow Rate

0l

tvol

hm2 = 7 000 br

= 4643%

T-110 to 244-TX H2 with NH3 and CH4 case 5-

hf med

TX-5-2

Process Engineening
CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY
Period 1
Initial Flow Rate flow = 4 000 gEaI Time Pumped at Intal Flow Rate time = 6 000 hr
Inital Fill Factor tvt::;“t = 0 000% Final Fill Factor fif = 4643%
intial Fil Volume  tvol,,,, = O gal Final Fill Volume fiv = 1440 gal

iniial H2 Concentration (%LFL) 1h2¢c = 0 000%

Final H2 Concentration (%LFL) fh2c = 1340% Final Flammable Gas Concentration (%LFL) ffgc = 11270%

Ultmate (ss) H2 Concentraton (%LFL) uvhh2cl = 1766%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 1 766%

Peniod 2
Second Flow Rate flow, = 4 000 gl Time Pumped at Second Flow Rate  hm2 = 7 000 hr
min
tvoly, o
inibal Fill Factor el 4643% Final Fill Factor fif2 = 10 060 %
0Ol
Inthal Fill Volume  tvol,, = 1440 gal Finai Fill Volume ffv2 = 3120 gal

Intial H2 Concentration (%LFL) th2¢2 = 1 340%

Final H2 Concentration (%LFL)  fh2¢2 = 2984% Final Flammable Gas Concentration  ffge2 = 12 914%
Ultmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh2c2 = 2 394% uhfge2 = 2394%

Maximum %LFL with Loss of Ventilation  LFL, ., preatiumg = 10 240%
Time to Reach 25% LFL with Loss of Ventilation  Time, 550 51, = 10 000 x 10° day
Time to Reach 50% LFL with Loss of Ventilaion  Time, soq 57, = 10 000 x 108 day

Time to Reach 100% LFL with Loss of Ventilation  Time, 499447, = 10 000 x Iosday

Process Engineenng
T 110 to 244 TX H2 with NH3 and CH4-case 5- CH2M HILL
hf med Mathcad V2000+
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SUMMARY:
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DCRT 244-TX Calculatons based on tank 241-T-110

CASE 6 - the inihal condition of the tank 1s 0% full
- this model calculates the remainder untl fill 1s hit
at 80% full with pumping rate intiaily of 4 gpm to 40% full
- immediate change in pumping rate of 4 gpm
with no chance to come to steady state H2 concentration
INPUT SUMMARY:
General Data
i mele
DCRT Ventilation Rate vr=3 000-1;— Nitrate Concentration NO; = 0300 s
1
Saltwell Waste Specific Gravity p = 1060 mole
b Nitrite Concentration NO, = 0000
Radiolyic Power of Waste wastepower = 1 065 x 107° — liter
3 frses Aluminum Concentration Al=0000 mole
Inthal DCRT H, Inventory voly, = 0000f hter
0
2] - "
H. Inventory Based on CGM flageem = no TOC Concentration TOC = 0045 _l_gx_n_
itet
CGM Measurement CONCLFL, cgmo = O 000 %LFL
- Ammonia Concentrahon NH; = 0 000 %LFL g3
DCRT Waste Temperature T =293 150K Methane Concentration CH = 0 000 %LFLcyy4
Pertod 1
Iniial Flow Rate flow = 4 ooo_g.a_l. Time Pumped at Intal Flow Rate time = 52 000hr
n
ol
Hydrogen Carryover Rate  gr.,; porar = 4 681 x 10‘4ﬂ1‘3 Inthal Fill Factor o 0000%
- iter tvol
2
or  gr.y=0361 .
Penod 2
Second Flow Rate flow, = 4 oooﬂ Time Pumped at Second Flow Rate ~ lm2 = 52 000 hr
min
ﬂs tVOIm_.ltz
Hydrogen Carryover Rate  gr.;, = 0361 o Intial Fill Factor o 40 240%
0l
Process Engineenng
T-110 to 244-TX H2 case 6 hf mcd CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Inital Flow Rate flow = 4 000 —gm;in Time Pumped at Intal Flow Rate tume = 52 000 hr
Inttral Fill Factor w;:}‘;“‘ = 0000% Final Fill Factor £f = 40 240%
Inthal Fill Volume  tvol,,,, = 0 gal Final Fill Volume ffv = 12480 gal

Inihial H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c = 14251% Final Flammable Gas Concentration (%LFL) ffgc = 14251%

Ultimate (ss) H2 Concentration (%LFL) uhh2¢l = 4519%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 4519%

Period 2
Second Flow Rate  flow, = 4 000 &l Time Pumped at Second Flow Rate  1im2 = 52 000 hr
min
tVOlmla
Inthal Fill Factor e 40 240% Final Fill Factor fif2 = 80479%
0,
Intial Fill Volume  tvolp,y = 12480 gal Final Fill Volume ftv2 = 24960 gal

Iniial H2 Concentration (%LFL) 1h2¢2 = 14251 %

Final H2 Concentration (%LFL)  fh2¢2 = 42 965% Final Flammable Gas Concentraton  ffge2 = 42 965%
Ultmate (ss) H2 Concentration {%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
vhh2e2 = 7 101 % uhfge2 = 7 101 %

Maximum %LFL with Loss of Ventilation  LFL,.¢ preatiung = 133 281 %
Time to Reach 25% LFI. with Loss of Venhlation Timey 350171 = 0 000 day
Time to Reach 50% LFL with Loss of Ventilaion  Time, sg 451, = 17 061 day

Time to Reach 100% LFL with Loss of Ventilation  Time; 99051, = 210 025 day

Process Engineenng
T 110 to 244-TX H2 case 6 hf med CH2M HILL
TX-6-3 Mathcad 2000+
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Determination of Headspace Gas SA Barker
Concentration in a Vertically Oriented DCRT...

Input Data

DCRT 244-TX Modified for 244-TX DCRT Vauit Case
Input diameter of DCRT (d) CASE 7 (Ventilation rate of 3 cfh) Use Vertical
T DCRT for model Wetted surface area set
e at2570 sq ft
Input length of DCRT (L)

R SR
Lok
Input rate at which the DCRT fills (flow) (mmimum should be a touch gereater than 0,1 e 1x10-5)

flow
P
™

flow, = 2228 x 10" sec flow,

=8021 x 1078

b 2%\;,,5 flow =2 228 x 1077 sec !
T
e

=8021x 107

i
Calculate total DCRT volume (tvol) [E]
2
tvol =L = (—2—) Assume DCRT has flat ends [Eqn 1]

tvol = 11363 #°

Volume of fill at start of pumping
£ b

e
*# tvoly, = 3318 x 10°R°
el

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

Time at pumping rate 2
<ordiely HREHASI

Volume of fill at start of pumping rate 2
tvoly = tvol,,, + time flow tvol, = 3318 f*

Process Engineering

Vault—-T-110 to 244-TX DCRT-hf med CH2M HILL
Mathcad v2000+
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volmo = Afl:ﬂagcgm = "yes",CONCH) com (tvol - tvoluut),volmJ

voly, = 0000 <==== |nihal volume of H2 in Headspace
[
Input Ammoma Concentration

T e e R
%ﬁ #é it eference
S w&%"%’g@&% e ( )

Input Methane Concentration

s, SRy O e Bibun S
maam@m (Reference )
%m&*%&ﬁs SRc3N

i

End of Input Section
Calculations:
Calculate DCRT headspace volume (hvol, a fanction of time)
hvol(t) = tvol — flow t ~ tvol,, hvol(lm) = 8 045 x 10°f°
2
Wetted area of full DCRT (horizontal orientation) (f2) 2 (%) +xdL=4014°

Wetted area of vertically oriented DCRT (ft2)

(d)z flow t + tvol (djz 4 (ﬂow t+ tvol,mt)
= +xd—m——-oux=g{—| +
4y d
” —
g

2
Awet(t) = 2570 f*

Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 2 570 x 10° 2
Awet(0 hr) = 2 570 x 10° £ Check the answers
Awet(l hr) = 2570 x 10° 2 Awet(lm) = 2 570 x 10°f?

Vault—T 110 to 244-TX DCRT-hf mcd

TX-7-3

[Eqn 4]

[Eqn §]

[Eqn 8]

[Eqn 9]

Process Engineering
CH2M HILL
Mathead v2000+
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Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(time) = tvol — flow; tune — tvol hvol2(hm2) = 8 045 x 10°8°

Wetted area of vertically oriented DCRT (ft2)

. 9_2+ndﬂow2t+tvolm,,2 .r £2+4(ﬂow2t+t\mlmﬂ)
a\? d
1‘ —
5

2
Awet(tt2) = 2570 £

Wetted area of full DCRT (vertical orentation) (ft2)Awet(lm2) = 2 570 x 10°f2

Awet(0 hr) = 2 570 x 10° 12 Check the answers
Awet(1 hr) = 2 570 x 10°#?

Awet(hm2) = 2570 0002

Average characterizations for NO3, NO,, Al, TOC (molar, molar, molar, grams/hter)

Ni Ni

05 _ 02 - 0000 Al TOC
mole mole
liter liter

Vault—-T-110 to 244 TX DCRT hf med

TX-7-4

Date| ‘g@ be

[Ean 4]

[Eqn 8]

[Eqn 9]

Process Engineening
CH2M HILL
Mathcad v2000+
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SUMMARY:
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Checked by % D B%ZL__, Date ]’% /06

DCRT 244-TX Modified for 244-TX DCRT Vault Case
CASE 7 (Ventiation rate of 3 cfh) Use Verhical
DCRT for model Wetted surface area set
at 2570 sq #t
INPUT SUMMARY:
General Data
i mole
DCRT Ventilaton Rate w=3 OOOE Nitrate Concentration NO; =0 3001——
tter
Saltwell Waste Specific Gravity p = 1060 mole
b Nitrite Concentration NO, = 0000 ——
Radiolyhc Power of Waste wastepower = 1 065 x 10> -3 hter
ft sec
mole
Inital DCRT H, Inventory volggy = 0000 83 Aluminum Concentration Al=0 000—-1-l~t~;r—-
L]
H; Inventory Based on CGM?  flag ., = no' TOC Concentration TOC = 0 045 ;ﬂ
ter
CGM Measurement CONCEFY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLyyys
DCRT Waste Temperature T=293130K Methane Concentration CHj = 0 000 %LFL cy
Penod 1
Inbal Flow Rate flow = 1000 x 10“Sﬂ Time Pumped at Inttal Flow Rate  time = 1 000 hr
man
mole tvol,e
Hydrogen Carryover Rate  gr,; yo1a = 0 000 — Intial Fill Factor =29200%
- hiter tvol
iy
or gr.y=0000 o
Period 2
Second Flow Rate  flow, = 1000 x 10’6-531- Time pumped at Second flowrate  lm2 = 1 000hr
min
ﬁs tVO]lma
Hydrogen Carryover Rate  gr;, =0 000-1; intial Fill Factor = 29200%
tvol

Vault-T-110 to 244 TX DCRT hf med

Process Engineering
CH2M HILL
Mathcad v2000+
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OUTPUT SUMMARY:
Perod 1
Inhal Flow Rate flow = 1 000 x 10‘6-:% Time Pumped at Intal Flow Rate tune = 1 000 hr
Inthal Fill Factor tvt:‘l),;m =29200% Final Fill Factor fif =29200%
Inthat Fill Volume  tvol,,,, = 24820 gal Final Fill Volume ffv = 24820 gal

Initral H2 Concentration (%LFL) 1h2e = 0000%

Final H2 Concentration (%LFL) fh2c=6170x 1073% Final Flammable Gas Concentration (%LFL) figc=6170x 1073%

Ulhmate (ss) H2 Concentration (%LFL) vhh2cl = 16 440%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 16 440 %

Peniod 2
Second Flow Rate flow, = 1 000 x 10‘Gﬂ Time pumped at Second Flow Rate Im2 = 1 000hr
mm
tVOIm“z
Inthal Fill Factor o =29200% Final Fill Factor fif2 = 29 200%
)
Iniial Fill Volume  tvol,,,., = 24820 gal Final Fill Volume ffv2 = 24820 gal

Inthal H2 Concentration (%LFL) 1h2c2 = 6170x 1073 %
Final H2 Concentration {(%LFL) fh2¢2=0012% Final Flammable Gas Concentration (%LFL) fige2 = 0012%

Ultimate (ss} H2 Concentration (%LFL) ubh2c2 = 16 440%
Ulimate (ss) Flammable Gas Concentration (%1LFL)  uhfpe2 = 16 440%
Maximum %LFL with Loss of Ventilation  LFL 4 preattung = 32 486 %

Time to Reach 25% LFL with Loss of Ventlation Timey 550 pp, = 167 228 day
Time to Reach 50% LFL with Loss of Ventiation Time, s 51 = 10 000 x 10°day
Time to Reach 100% LFL with Loss of Ventilaton Time, 3900 = 10 000 x 10 day

Process Engineéring

Vault--T-110 to 244 TX DCRT hf med CH2M HILL
Mathcad v2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generation tank 241-U-103
CASE 1 and highest hydrogen concentration in liquid waste from tank 241-1-106
- the nthal condition of the tank 1s 0% full
- this mode! calulates the remainder untl fill is hit at 80% full with
pumping rate infially of 4 gpm to 40% full
- immedtate change in pumping rate of 4 gpm with no chance to come
to steady state H2 concentration
INPUT SUMMARY:
General Data
it mole
DCRT Ventilation Rate vr=3 OOOE Nitrate Concentration NO; =3 180 ”
ter
Saltwell Waste Specific Gravity p = 1410 mole
b Nitrite Concentration NO, = 3020
Radiolytic Power of Waste wastepower = 1 481 lifer
ft sec mole
Inftal DCRT H, Inventory VOImo = 00008 Aluminum Concentration Al=1200 =
H, Inventory Based on CGM?  flageyy, = "no" TOC Concentration TOC = 12 781 ‘lgl—n
ier
CGM Measurement CONOLFY, cgmo = 0 000 %LFL
B Ammonia Concentration NH; = 0 000 %LFLypys
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 000 %LFL ¢y
Period 1
Inibal Flow Rate flow = 4 000-531— Time Pumped at Inital Flow Rate time = 52 000 hr
man
ol
Hydrogen Carryover Rate  gr,.i motar = 3 297 x 10‘5[1!1—;1: Inthal Fill Factor - M = 0000%
- 1 (+)
i
or ool = 0026 'l—lr—"
Period 2
Second Flow Rate  flow, = 4 000—"?3-1- Time Pumped at Second Flow Rate  1lm2 = 52 600 hr
min
tvol
Hydrogen Carryover Rate  gr_ ;,=0 026-f—r- Inibal Fill Factor mlnz = 40 240%
tvo
Process Engineenng
Case 1-Worst Case H2-U-103-no dissoived CH2M HILL
CH4 or NH3 to 244-U hf med Mathcad V2000+
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OUTPUT SUMMARY"
Period 1
Inhal Flow Rate flow = 4 000% Time Pumped at Inital Flow Rate time = 52 000 hr
Iniial Fill Factor Wtzl‘;‘" = 0000% Final Fill Factor £F = 40240%
Inttal Fill Volume  tvol,,,, = O gal Final Fill Volume ffv = 12480 gal

inhal H2 Concentrabon (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c = 1 245% Final Flammable Gas Concentration (%LFL) ffac=1245%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultmate (ss) Flammable Gas Concentration (%LFL)  uhfgel = 6 769%

Period 2
Second Flow Rate flow, = 4 000—5-al Time Pumped at Second Flow Rate  Iin2 = 52 000 hr
min
tVOIlmt’Z
Inthal Fill Factor pu = 40240% Final Fili Factor 12 = 80 479%
(&)
Imbial Fill Volume  tvol,,,, = 12480 gal Final Fill Volume ffv2 = 24960 gal

Intbial H2 Concentrahon (%LFL) th2¢2 = 1245%

Final H2 Concentration (%LFL)  fh2c2 = 4 255% Final Flammable Gas Concentraton  ffige2 = 4255%
Ultimate (ss) H2 Concentration {%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
vhh2c2 = 11 517 % uhfge2 = 11 517%

Maximum %LFL with Loss of Ventilaion L, preattung = 209 558 %
Time to Reach 25% LFL with Loss of Ventilation  Time, 55071, = 14 356 day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgoq 1 = 43 990 day

Time to Reach 100% LFL with Loss of Ventilation  Time, yogoyr, = 120 533 day

Process Engineenng
Case 1-Worst Case H2 U-103-no dissolved CH2M HILL
CH4 or NH3 to 244-U-hf mcd Mathecad V2000+
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SUMMARY:
DCRT 244-U Calculations based on worst case hydrogen generation
CASE 1 241-U-103 and worst case dissolved hydrogen 241-U-106
- the inibai condition of the tank 1s 0% full
- this model calculates the remainder until fill is hit
at 80% fult with pumping rate inihally of 4 gpm
to 80% full
INPUT SUMMARY:
General Data
it mole
DCRT Ventlation Rate r=3 000-1; Nitrate Concentration NO, =3 180 ™
T
Saltwell Waste Spectfic Gravity p = 1410 mole
b Nitrite Concentration NOy =3 020--——-
Radiolytic Power of Waste wastepower = ] 481 — liter
1t sec
mole
Intaal DCRT H, Inventory volgy = 0000 & Aluminum Concentration Al=1200
0
H; Inventory Based on CGM?  flagegy, = "o’ TOC Concentration TOC = 12 781 ;ﬂ
er
CGM Measurement CONCLEY, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLy3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 000%LFLyy
Penod 1
Intbal Flow Rate flow = 4 000 =— gal Time Pumped at Inital Flow Rate time = 104 000 hr
nmin
_5 mole mt
Hydrogen Carryover Rate  gr.; o1, = 3297 x 10 Intial Fill Factor = 0000%
= hter tvol
PE
or ool = 0026 E
Period 2
Second Flow Rate  flow, = 1000 x IO‘G—g-ai Time Pumped at Second Flow Rate ~ Lm2 = 680 000 hr
min
Hydrogen Carryover Rate g, = 6 598 x 107° ﬂ Inthal Fill Factor =~ ltz = 80479%
0
Process Engineenng
Case 1-Worst Case H2 U 103 & U-106 CH2M HILL
dissolved H2 to 244-U-hf mcd Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Inhal Flow Rate flow =4 000—gﬂ Time Pumped at intal Flow Rate tune = 104 000 hr
pun

ol

Intial Fill Factor - 'i"t = 0000% Final Fill Factor fif = 80 479%
Q

Inthal Fill Volume  tvol,,,; = 0 gal Final Fill Volume ffv = 24960 gal

tnihal H2 Concentration (%LFL) 1h2c = 0000%
Final H2 Concentration (%LFL) fh2c = 4255% Finat Flammable Gas Concentration (%LFL) ffge = 4255%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 11517%

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 11 517%

Penod 2
Second Flow Rate  flow, = 1 000 x 1076 8L Time Pumped at Second Flow Rate  1im2 = 680 000 hr
min
tVOl]ma
Inthal Fili Factor . 80 479% Final Fill Factor 2 = 80 479%
0
Inhal Fill Volume  tvol,,,.n = 24960 gal Final Fill Volume fiv2 = 24960 gal

Inihal H2 Concentration (%LFL) th2e2 = 4 255%

Final H2 Concentration (%LFL) fh2¢2 = 10940% Final Flammable Gas Concentration  ffge2 = 10 940%
Ultimate (ss) H2 Concentration (%L.FL) Ultmate (ss) Flammable Gas Concentration (%LFL)
ubh2c2 = 11 517% ubfge2 = 11 517%

Maximum %LFL with Loss of Ventiation  LFL,; preathing = 209 560 %
Time to Reach 25% LFL with Loss of Ventilation  Time, 5041, = 14 356 day
Time to Reach 50% LFL with Loss of Ventlation  Time, so0p1. = 43 990 day

Time to Reach 100% LFL with Loss of Ventilation Time, 990051, = 120 531 day

Process Engineenng
Case 1-Worst Case H2-U-103 & U-106 CH2ZM HILL

dissolved H2 to 244 U hf med Mathead V2000+
U-1-5
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SUMMARY: DCRT 244-U Calcuiations based on worst case hydrogen generation tank 241-U-103
and highest hydrogen cencentration in iquid waste from tank 241-U-106

ﬁAtSE 1 - the intial condrtion of the tank 1s 0% full
ote - this model calulates the remader untl fill 1s hit at 80% full with
pumping rate of 4 gpm
INPUT SUMMARY.
General Data
i mole
DCRT Ventilation Rate vr=3 OOO-h—r- Nritrate Concentration NO; = 3 180 —
1
Saltwell Waste Specific Gravity p =1 410 mole
b Nitnte Concentration NO, = 3020
Radiolytic Power of Waste wastepower = 1 481 S liter
1t sec
mole
Intbal DCRT Hj, Inventory Vol = 00008 Aluminum Congenration  Al=1200-
1]
Hz Inventory Based on CGM?  flag,,, = "no" TOC Concentration TOC = 12781 %
1
CGM Measurement CoNCy gy, ogmo = 0000 %LFL
- Ammonma Concentration NH; = 0 000%LFLyy3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0000 %L Loy,
Period 1
Inhal Flow Rate flow = 4 ooog—al Time Pumped at Inital Flow Rate time = 52 000 hr
min
ol
Hydrogen Carryover Rate gr,; ;. = 3 297 x 107° mole intial Fill Factor = = 0000%
- liter tvol
23
or =0026—
B0t b
Penod 2
Second Flow Rate  flow, = 4 ooo-ga—I Time Pumped at Second Flow Rate  im2 = 52 000 hr
min
2 tvolpen
Hydrogen Carryover Rate  gr, ., = 0026 - Initral Fill Factor = 40 240%
)
Process Engineernng
Case 1-Worst Case H2-U-103-no dissolved CH2M HILL
CH4 or NH3 to 244-U-4gpm-hf med Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
gal
Inthal Flow Rate flow = 4 000 =—
min
OIl.lut
Inthal Fill Factor = 0000%
tvol
Inihal Fill Volume  tvol,, = 0 gal

RPP-4941 Rev 0 Appendix G

Time Pumped at Inital Flow Rate

Final Fill Factor

Final Fill Volume

Inhal H2 Concentration (%LFL) ih2c = 0000%

Final H2 Concentration (%LFL) fh2e =1245%

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

Uttmate {ss) Flammable Gas Concentration (%LFL) uhfgel = 6 769%

Checked by j-\!\ Sh %
J v

i = 40 240%

ffv = 12480 gal

Period 2
Second Flow Rate flow, = 4 000 £l
mmn
tvol
Iniial Fill Factor M2 . 40 240%
tvol

Inial Filt Volume

inial H2 Concentrabion (%LFL)

Final H2 Concentration {%LFL)

Ultmate (ss) H2 Concentration (%LFL)

uhh2¢2 = 11 517%
Maximum %LFL with Loss of Ventilation
Time to Reach 25% LFL with Loss of Ventilation
Time to Reach 50% LFL with Loss of Ventilation

Time to Reach 100% LFL with Loss of Ventlaton  Time, 1990051, = 120 533 day

tvol, o = 12480 gal

th2c2 = 4255%

Time Pumped at Second Flow Rate

Final Fill Factor

Final Fill Volume

th2¢2 = 1245%

Final Flammable Gas Concentration

fif2 = 80 479 %

fv2 = 24960 gal

Date | ,!Jg[aa

time = 52 000 hr

Final Flammable Gas Concentration (%LFL) ffgc = 1245%

hm?2 = 52 000 hr

flge2 = 4255%

Ultimate (ss) Flammable Gas Concentration (%LFL)

LFLiyst breatiung = 209 558 %

Timey p5941 57, = 14 356 day

Tmlez_solym = 43 990 day

uhfge2 = 11 517%

Case 1-Worst Case H2-U-103 no dissolved
CH4 or NH3 to 244-U-4gpm-hf mcd

U-1-7

Process Engineering
CH2M HILL
Mathcad V2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generatoh tank 241-U-103
and highest hydrogen concentration in hquid waste from tank 241-U-106

gAtSE 1 - the mihal condibon of the tank is 0% full
ote - this model calulates the remainder until fill 1s hit at 80% full with
pumping rate of 8 gpm
INPUT SUMMARY:
General Data
P mole
DCRTY Ventlaton Rate vr = 3000 P Nitrate Concentration NO; =3 ISOT
ier
Saltwell Waste Specific Gravly p = 1410 mole
b Nitrite Concentration NOy =3020——
Radiolytic Power of Waste wastepower = 1 481 — hter
ft sec
mole
Inttial DCRT H,, Inventory volggy = 0000 & Aluminum Concentration Al=1200 Tter
0
o] B B
Hz Inventory Based on CGM flagogm = "no TOC Concentration TOC = 12781 %
1
CGM Measurement CONCLEY, ogmo = 0 000 %LFL
- Ammonia Concentration NHj = 0 000 %LFLyy3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 000 %LFL gy,
Peniod 1
Iniial Flow Rate flow = 8 OOO—g-?-l— Time Pumped at Inital Flow Rate time = 26 000 hr
min
_5 mole tvol, e
Hydrogen Carryover Rate  gro motar = 3 297 x 10 Inthal Fill Factor =0000%
- hter tvol
¥
OF  gry=0053—
Peniod 2
Second Flow Rate flow, = 8 000—531— Time Pumped at Second Flow Rate  Iim2 = 26 000 hr
mn
T tvol
Hydrogen Carryover Rate  gr, ;» = 0053 i Inthal Fili Factor vl 40 240%
0
Process Engineenng
Case 1-Worst Case H2 U 103 no dissolved CH2M HILL
CH4 or NH3 to 244 U 8gpm hf med Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
intial Flow Rate flow =8 OOOgEal Time Pumped at Inital Flow Rate time = 26 000 hr
Inibal Fill Factor wt::“t = 0000% Final Fill Factor fif = 40240%
Intial Fili Volume  tvol,,,, = 0 gal Final Fill Volume ffv = 12480 gal

Inthal H2 Concentration (%LFL) 1h2ec = 0 000%

Final H2 Concentration (%LFL) fh2¢ =1153% Final Flammable Gas Concentration (%LFL) ffgc = 1153%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 6 769%

Penod 2
Second Flow Rate flow, = 8 OOOg—ﬁlI Time Pumped at Second Flow Rate  lim2 = 26 000 hr
min
tVOIlmt'Z
Inthal Fill Factor e 40 240% Final Fll Factor fif2 = 80 479%
(8)
Inhal Fill Volume  tvol,,, = 12480 gal Final Fill Volume fiv2 = 24960 gal

Inthal H2 Concentration (%LFL) th2¢2 =1153%

Final H2 Concentration (%LFL) fh2e2=3821% Final Flammable Gas Concentration  ffge2 = 3821%
Ultmate {ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh2¢2 = 11 517 % uhfge2 = 11 517%

Maximum %LFL with Loss of Ventilation  LFL,.¢ preattung = 209 558 %
Time to Reach 25% LFL with Loss of Ventilaion  Timey 504 57, = 14 356 day
Time to Reach 50% LFL with Loss of Ventilaion  Time, sgoqpr, = 43 990 day

Time to Reach 100% LFL with Loss of Ventilation  Time, jog0q71, = 120 533 day

Process Engineering
Case 1-Worst Case H2-U-103-no dissolved CH2M HILL
CH4 or NH3 to 244-U 8gpm-hf med Mathcad V2000+
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SUMMARY: DCRT 244-U Calculatons based on worst case hydrogen generation tank 241-U-103
~~ and highest hydrogen concentration in liquid waste from tank 241-U-106

gAtiE 1 - the inttal condrion of the tank 1s 0% full
0 - this model calulates the remainder unt! filf 1s hit at 80% full with
pumping rate of 12 gpm
INPUT SUMMARY:
General Data
f mole
DCRT Ventilaton Rate vr=3000 "I;r" Nitrate Concentration NO; =3 180 e
T
Saltwell Waste Specific Gravity p =1410 mole
Ib Nitrite Concentration NO, = 3020
Radiolylic Power of Waste wastepower = 1 481 — hiter
ftseo Aluminum Concentration Al=1200 mole
Infhal DCRT H, Inventory volmo = 0 000f° - liter
Hz Inventory Based on CGM?  flaggy, = "no TOC Concentration TOC = 12 781 %
ier
CGM Measurement CONCYFL, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLyy3
DCRT Waste Temperature T =304 250K Methane Concentration CH, = 0 000 %LFLyg
Penod 1
Inial Fiow Rate flow = 12 000 &l Time Pumped at Intal Flow Rate time = 17 000 hr
min
_s mole tvol,pe
Hydrogen Carryover Rate gr. | mwotar = 3 297 x 10 Inthal Fill Factor = 0000%
- liter tvol
P
or  grg =0 079;;
Period 2
Second Flow Rate flow, = 12 000 gal Time Pumped at Second Flow Rate Im2 = 18 000 hr
min
g tvol,pe
Hydrogen Carryover Rate  gr, , = 0079 ™ Inthal Fill Factor = 39 466%
(4]
Process Engineenng
Case 1-Worst Case H2-U-103-no dissolved CH2M HILL
CH4 or NH3 to 244-U-12gpm hf med Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
inthal Flow Rate flow = 12 600 -gm% Time Pumped at Inttal Flow Rate time = 17 000 hr
Intal Fill Factor W;i““‘ = 0000% Final Fill Factor f1f = 39 466 %
Inial Fill Volume  tvol,,, = 0 gal Final Fill Volume ffv = 12240 gal

Inibal H2 Concentration (%1L.FL) 1h2e =0 000%

Final H2 Concentration (%LFL) fh2c =1093% Final Flammable Gas Concentraton (%LFL) ffgc = 1093%

Ultimate (ss) H2 Concentration (%LFL) ukh2cl = 6 681%

Uitimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 6 681 %

Penod 2
Second Flow Rate  flow, = 12 000 &l Time Pumped at Second Flow Rate ~ hm?2 = 18 000 hr
min
tVOIxth
Inthal Fill Factor —= 39466 % Final Fill Factor fif2 = 81253 %
0,
Inhal Fill Volume  tvol,,,, = 12240 gal Final Fill Volume ffv2 = 25200 gal

Inital H2 Concentration (%LFL) th2¢2 = 1093 %

Final H2 Concentration (%LFL) th2c2 =3 763 % Final Flammable Gas Concentraton  fige2 = 3763 %
Ulimate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh2c2 = 11 622% uhfge2 = 11 622%

Maximum %LFL with Loss of Ventilation  LFL,,; preaphung = 219 280 %
Time to Reach 25% LFL with Loss of Ventilation Times 2505y, = 13 500 day
Time to Reach 50% LFL with Loss of Ventilation  Time, 5o 45, = 41 425 day

Time to Reach 100% LFL with Loss of Ventilation Time, yop0ap, = 112 397 day

Process Engineering
Case 1-Worst Case H2-U-103-no dissalved CH2M HILL
CH4 or NH3 to 244-U-12gpm hf med Mathecad V2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generation tank 241-U-103

and highest hydrogen concentration in higuid waste from tank 241-U-106

ﬁﬁi E 1 - the inthal condition of the tank i1s 0% fulil
- this model calulates the remainder until fill 1s hit at 80% fuli with
pumping rate of 16 gpm
INPUT SUMMARY:
General Data
i mole
DCRT Ventilaton Rate vr=3 OOOE Nitrate Concentration NO; =3 ISO-I—t;
1
Saltwell Waste Specific Gravity p = 1410 mole
b Nitnte Concentration NO, =3020—
Radiolytic Power of Waste wastepower = 1 481 S hter
ft sec
mole
Inhal DCRT H,, Inventory volg, =0 000> Aluminum Concentration Al = 1200 hter
[}

H; Inventory Based on CGM?  flag,,, = "no

TOC = 12 781 2=
hter

TOC Concentration

CGM Measurement CONCLFY, ggmo = 0 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLyg3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 000%LFL g4
Penod 1
Inital Flow Rate  flow = 16 000 £2L Time Pumped at Inttal Flow Rate tume = 13 000 hr
mm
ol
Hydrogen Carryover Rate  gry pmoje = 3297 x 107° ’:‘:: infal Fill Factor 2% = 0.000%
o | (]

3
or gr,u=90 106%

Peniod 2

Second Flow Rate  flow, = 16 000 gl
min

3
Hydrogen Carryover Rate  gr,., =0 106%

Time Pumped at Second Flow Rate  Im?2 = 13 000 tr
tvol
Inttial Fill Factor W““‘z = 40 240%
o]

Case 1-Worst Case H2 U-103 no dissolved
CH4 or NH3 to 244 U 16gpm-hf med

U-1-12

Process Engineering
CH2M HILL
Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Inbal Flow Rate flow = 16 000 % Time Pumped at Inital Flow Rate tume = 13 000 hr
Inthal Fill Factor Wt:i;"t = 0000% Final Fill Factor fif = 40240%
inmal Fill Volume  tvol,, = 0 gal Final Fill Volume ffv = 12480 gal

Inbal H2 Concentration (%LFL) 1h2c=0000%

Final H2 Concentration (%LFL) fh2c =1106% Final Flammable Gas Concentration (%LFL) ffgc =1 106%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 6 769%

Period 2
Second Flow Rate flow, = 16 000 &l Time Pumped at Second Flow Rate  11m2 = 13 000 hr
mmn
tVOl,_mtz
Inthal Fill Factor - 40 240% Final Fill Factor fii2 = 80479%
0,
Intial Fili Volume  tvol,, 4, = 12480 gal Final Filf Volume ffv2 = 24960 gal

Inital H2 Concentration (%LFL}) 1h2e2 = 1106%

Final H2 Concentration (%LFL)  fh2¢2 = 3 593% Final Flammable Gas Concentration  ffge2 = 3 593%
Ulkmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%L FL)
uhh2c2 = 11517% uhfge2 = 11 517 %

Maximum %LFL with Loss of Ventilaion  LFL,,,; prestiung = 209 558 %
Time to Reach 25% LFL with Loss of Ventiation  Time, ;5055 = 14 356 day
Time to Reach 50% LFL with Loss of Ventilation  Time, sowwpr, = 43 990 day

Time to Reach 100% LFL with Loss of Ventilation  Time, joge . = 120 533 day

Process Engineenng
Case 1-Worst Case H2 U-103 no dissolved CH2M HILL
CH4 or NH3 to 244 U 16gpm-hf mcd Mathcad V2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generation tank 241-U-103
CASE 1 B and highest hydrogen concentration in iquid waste from tank 241-U-106
Not - the inthal condition of the tank is 0% full
ote - this model calulates the remainder until fill 1s hut at 80% full with
pumping rate of 20 gpm
INPUT SUMMARY:
General Data
f mole
DCRT Ventilation Rate vr = 3 000 o Nitrate Concentration NO; =3 180-1-;1_—
1

Saltwell Waste Specific Gravity p =1 410

Radiolytic Power of Waste wastepower = 1 48] —ece
inial DCRT H,, Inventory voly, = 00004

]
H Inventory Based on CGM?  flag,,,, = "no"

b

ft sec’

Nitnte Concentration

Aluminum Concentration

TOC Concentration

Ammonia Concentration

Methane Concentration

NO, = 3 020 2%k
Inter
Al = 1 200 ol
liter

TOC = 12781 2%
Inter

NH; = 0 000%LFLygys

CHj = 0 000 %LFLeq

CGM Measurement CoNCLyy, ogmo = 0 000 %LFL
DCRT Waste Temperature T = 304 250K
Penod 1
gal
Inihal Flow Rate flow = 20 000 —
i

Hydrogen Carryover Rate  gryy po1ar = 3 297 x 10

ﬁ3
o gry=0132:-

_s mole

Inter

Time Pumped at Inital Flow Rate tume = 10 000hr

ol

tvol

Inihal Fill Factor

= 0 000%

Period 2

Second Flow Rate  flow, = 20 000 £2
min

Hydrogen Carryover Rate  gr, ,=0 132§

Time Pumped at Second Flow Rate

Inthal Fill Factor

tvol mit2
tvol

bm2 = 11 000 hr

= 38692%

Case 1-Worst Case H2 U 103 no dissolved
CH4 or NH3 to 244 U-20gpm hf med

U-1-14

Process Engineering
CH2M HILL
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OUTPUT SUMMARY:
Pertod 1
Inthal Flow Rate flow = 20 000 ﬁ% Time Pumped at Inital Flow Rate tume = 10 000 hr
Inibal Fill Factor wt:i';“‘ = 0000% Finai Fill Factor I = 38 692%
Intial Fill Volume  tvol,,, = 0 gal Final Fill Volume fiv = 12000 gal

Inhal H2 Concentration (%LFL) ih2c = 0000%

Final H2 Concentration (%LFL) fh2c=1041% Final Flammable Gas Concentration (%LFL) fige=1041%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 6 592%

Ulmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 6 592%

Pertod 2
Second Flow Rate flow, = 20 000 &l Time Pumped at Second Flow Rate 2 = 11 000 hr
min
tVOlumz
Inihal Fill Factor el 38692% Final Fill Factor fif2 = 81253%
0|
Intial Fill Volume  tvol,,, = 12000 gal Final Fill Volume ffv2 = 25200 gal

Inthal H2 Concentration (%LFL) th2e2 = 1041 %

Final HZ Concentration (%LFL) fh2¢2 =3635% Final Flammable Gas Concentration  ffge2 = 3 635%
Ultimate (ss) H2 Concentration (%LFL) Ulimate (ss) Flammable Gas Concentration (%LFL)
ubh2¢2 = 11 622% uhfge? = 11622%

Maximum %LFL with Loss of Ventilation  LFL_.; preathing = 219 280%
Time to Reach 25% LFL with Loss of Ventlation  Time, 55 451, = 13 500 day
Time to Reach 50% LFL with Loss of Ventilation  Time, soeqpm, = 41 425 day

Time 1o Reach 100% LFL with Loss of Ventilation Time,) o904 51, = 112 397 day

Process Engineenng
Case 1-Worst Case H2-U-103-no dissolved CH2M HILL
CH4 or NH3 to 244 U 20gpm hf mcd Mathcad V2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generation tank 241-U-103
and huighest hydrogen concentration in hguid waste from tank 241-U-106

ﬁAtSE 1 - the inthal condiien of the tank 1s 0% full
ote - this model calulates the remainder untl fill 1s hit at 80% full with
pumping rate of 30 gpm
INPUT SUMMARY:
General Data_
i mole
DCRT Ventiaton Rate vr=3 OOO-h: Nitrate Concentration NO; =3 180 er
1
Saltwell Waste Specific Gravity p = 1410 mole
b Nitrite Concentration NO, = 3020
Radiolytic Power of Waste wastepower = 1 48] —— ter
ad Aluminum Concentration Al=1200 mole
Inhal DCRT H, Inventory vol, = 00001 = liter
(1]
Hz Inventory Based on CGM?  flagegy = "no® TOC Concentration TOC = 12781 E%
liter
CGM Measurement CONCLFL, cgmo = O 000 %LFL
- Ammonia Concentration NH; = 0 000 %LFLys
DCRT Waste Temperature T=304250K Methane Concentration CHy = 0 000 %LFL 4
Pertod 1
Inthal Flow Rate flow = 30 000 gl Time Pumped at Inital Flow Rate time = 7 000hr
mn
_5 mole tvol,,,
Hydrogen Carryover Rate  gr.; ofar = 3 297 x 10 Inal Fili Factor = 0000%
= O
2
or g =0 198-1-]-;
Peniod 2
Second Flow Rate  flow, = 30 000 -g-a-l- Time Pumped at Second Flow Rate hm2 =7 000 hr
min
tvol
Hydrogen Carryover Rate  gr ,=0 198% Intal Fill Factor tvu;a =40627%
0
Process Engineenng
Case 1-Worst Case H2 U-103 no dissolved CH2M HILL
CH4 or NH3 to 244 U-30gpm hf med Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Inthal Flow Rate flow = 30000 r%l— Tune Pumped at Inital Flow Rate tme = 7 000 hr
Inthal Fill Factor wt:i';"t =0000% Final Fili Factor fif = 40627 %
inial Fill Volume  tvol,,,, = 0 gal Final Fill Volume ffv = 12600 gal

inthal H2 Concentraton (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c =1098% Final Flammable Gas Concentraton (%LFL) ffge = 1098%

Uitmate (ss) H2 Concentration (%LFL) uhh2cl = 6 813%

Ulbmate (ss} Flammable Gas Concentration (%LFL) uhfgel = 6813%

Penod 2
Second Flow Rate flow, = 30 000 ﬂ Time Pumped at Second Flow Rate lm2 = 7 000 hr
min
tvol
Inthal Fill Factor ol =40 627% Final Fill Factor fif2 - 81 253 %
0.
Inthal Fill Volume  tvol ., = 12600 gal Final Fill Volume ffv2 = 25200 gal

intral H2 Concentration (%LFL) 1h2c2 = 1098%

Final H2 Concentration (%LFL} fh2c2=3571% Final Flammable Gas Concentration  ffge2 = 3571%
Ultmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh2c2 = 11622% uhfge2 = 11 622%

Maximum %LFL with Loss of Ventilation  LFLy,¢ preathung = 219 280%
Time to Reach 25% LFL with Loss of Ventlation  Time, 55eq = 13 500 day
Time to Reach 50% LFL with Loss of Ventilation  Time, soq gy, = 41 425 day

Time to Reach 100% LFL with Loss of Ventilaton Time, jppeq 5, = 112 397 day

Process Engineering
Case 1-Worst Case H2-U-103-no dissolved CHZM HILL
CH4 or NH3 to 244-U-30gpm hf mcd Mathcad 2000+
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M’- DCRT 244-U Calculations based on worst case hydrogen generation 241-U-103
CASE 2 and worst case dissolved hydrogen 241-U-106
- the inihal condition of the tank 1s 0% full
- this model calulates the remainder unt! fill is hit at 80% full with
pumping rate inthally of 4 gpm to 80% full

INPUT SUMMARY:
General Data
3
DCRT Ventilation Rate vr=3 ooo.fT

Saltwell Waste Specific Gravity p =1 410

b

Radiolytic Power of Waste wastepower = 1 481

it sec

Intial DCRT H,, Inventory voly, = 0000R
0

H; Inventory Based on CGM?  flag ., = no"

mole

Nitrate Concentration NO; =3 180
Inter

Nitrite Concentration NO,=3 Ozo—n-n-c312
liter
Aluminum Concentration Al=1200 mole
liter
TOC Concentration TOC = 12781 T%
1]

CGM Measurement CONCL Ry, cpmo = 0 000 %LFL
- Ammonia Concentration NHj = 0 000 %LFLyy;

DCRT Waste Temperature T=304250K Methane Concentration CHy = 0 000%LFLyyy

Penod 1

Inthal Flow Rate flow = 4 000—gi'1- Time Pumped at Inital Flow Rate tme = 52 000hr

min
ol
Hydrogen Carryover Rate gr.,; 1. = 3 267 10'5%‘2—3 Intal Fil Factor  —2* — 0.000%

ﬂS
O gr= 0026

Peniod 2
Second Fiow Rate flow, =4 000—g31- Time Pumped at Second Flow Rate  hm2 = 52 000hr
min
ﬂ3 WOlmuz
Hydrogen Carryover Rate  gr, , =0 026-h-r- Inthal Fill Factor = 40 240%
tvo
Process Engineenng

Case 2 Worst Case H2-U-103 & U-106 CH2M HILL
dissolved H2 {0 244-U-hf mcd Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Intial Flow Rate flow = 4 ooo;lgl_‘:nl_ Time Pumped at Intal Flow Rate time = 52 000 hr
Inthal Fill Factor wt::;“t = 0000% Final Fill Factor fif = 40 240 %
Intial Fill Volume  tvol,,, = 0 gal Final Fill Volume fiv = 12480 gal

Inthal H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c=1245% Final Flammable Gas Concentration (%LFL) ffgc = 1245%

Ultmate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ulbmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 6 769%

Penod 2
Second Flow Rate flow, =4 000-ﬂ Time Pumped at Second Flow Rate ~ Im2 = 52 000hr
min
tVOl‘mtz
Inthal Fili Factor e 40 240% Final Fill Factor fif2 = 80 479%
Q
Inthal Fill Volume  tvol,,, = 12480 gal Final Filt Volume ffv2 = 24960 gal

Inthal H2 Concentration {%LFL) th2e2 = 1245%

Final H2 Concentraton (%LFL)  fh2¢2 = 4255% Final Flammable Gas Concentraton  ffge2 = 4 255%
Ultmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration {%LFL)
uhh2c2 = 11 517 % uhfged = 11 517%

Maximum %LFL with Loss of Ventilation  LFL,y preathung = 209 558 %
Time to Reach 25% LFL with Loss of Ventilation  Time, 55045, = 14 356 day
Time to Reach 50% LFL with Loss of Ventilation  Tume) sgoq 1, = 43 990 day

Time to Reach 100% LFL. with Loss of Ventilation  Time, 99051, = 120 533 day

Process Engineering
Case 2-Worst Case H2-U-103 & U-106 CH2M HILL

dissolved H2 to 244 U hf med 2.3 Mathcad V2000+
U-2-
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DCRT 244U
Case
Table U3-1 Henry's Law Constant Calculation for Tank U-103 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet
244-U
Source Tank U103
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewing Tank 244-U
Liquid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH, ug/ml 1400| |Percent Fill of Recemving Tank % 50
Na*! pg/mi 224000] {Volume of Vapor Space L 58700
A ug/mi 32500| |Length of Waste Fall ft 6
Fe*? nafmi 28| |Inside Diameter of Receving Tank it 12
cr? pg/mi 190/ |Flow Rate of Waste gpm 4
Ni* pg/ml 180| |Total Pressure in Vapor Space atm 1
K pg/mi 4320| [Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/ml 34613| |Total Ventilation Flow Rate for Stack ofm 005
NO; ' pg/ml 197000/ |Total Bubbler Flow Rate cth 3
NO, ! pg/mi 139000( | Temperature of Air in Vapor Space F 898
Cco,° ng/mi 17200| |Stream Diameter inches 1
PO* pg/mi 3430/ | Tortuosity Factor unitless 1
§0,° ng/ml 3840| |intial Concentration of NH; in the Vapor Phase [mole/m® 0
F! pg/mi 1730} [|Surface Area of Still Waste m? 3902
¢l pg/mi 10908/ |Fumigation Divisor at 100 meters unitless 1
Li*! ug/mi 0| [Non-Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0} [Correction Factor for Schumpe Model unitless 1
%H,0 % 48 67
Specific Gravity unitless 141
Total Organic Carbon |gfi 12781
Cs-137 uCi/ml 467
Temperature °F 88
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DCRT 244 U
Case 3
Table U3 t (Contd) Henry's Law Constant Calculation for Tank U 103 (2 pages)
|Source Tank |U 103 INPUT DATA |Date 36547 78746 Rewvision O|NH;
fDiluton Rato [0 1 ug/ml
lon MW ct {moles/L) hi hi*cs 1400
Na"! 2299] 97433615 0 1143| 1 113665072|From Weisenberger & Schumpe (1996) moles/lL
Al® 26 98 120 02174 0261878654 0 08220449
Fe™ 55 85 0 00 01161| 584139E-05
cr 52| 3 6B4E 03 00648]  000023677)Gas h (T) h (G 0)
NI 5871 3 066E 03 01654| 0000507104
K 3909 1 10BE 01 00922| 001018941 |Ammonia 0 -0 0481
oH?! 17 0074 204 00838 0 170751008|Hydrogen -0 209 00218
NO, ' 62 0048 318 03M28| 0040667663 |Methane -0 524 00022
NO, ' 46 0055 302 00795 0240199638
co,° 60 0092 029 01423| 0040786474
PO 94 9676 004 02119 0007653303
50,° 96 0576| 3 998E 02 01117 0004465314
F 19{ 9 106E 02 0092 0 00837684
cr! 35453 3 074E 01 00318| 0009776892
Lt 694 000 00754 0
Br' 79 916| 0 COOE +00 00269 0
Average
20 06061405 1 909212555
Mass fraction water in ig 049 Temperature
Liquid density (kg/m3) 1410 000 deg F
T (C) 31 88
Temperature
deg C
31 11111111
PNL 10785
Schumpe Schumpe pure water K |mot/L{kq) atm |NH3
tgmoles/L. (hq }h (G) Kwater/Ksalt  |[(mol/kgwir at {Henrys K Part. P atm
Ammonia 0 08220449 00481 8 796238969| 45 77208045| 3 570952654 | 0 023020325
Hydrogen -2 363E-02 2 724E+01 7 G10E-04 1917E-051 0 000E+Q0
Methane -1 002E-03 7 7T47E+1 1 292E-03 1 145E-05| 0 O0DE+00
U-3-3
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SMMARY DCRT 244-U Calculations based on worst case hydrogen generation and ammonia tank
CASE 3 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
- the inihal conditon of the tank s 0% fuli
- this model calulates the remamder untl fill 1s hit at 80% full wath
pumgping rate inibally of 4 gpm to 40% full
- immediate change in pumping rate of 4 gpm with no chance to come
to steady state M2 concentration

INPUT SUMMARY:
General Data
ft* mole
DCRT Ventilation Rate vr=3 OOOE Nitrate Concentration NO; =3 180 ™~
1
Saltwell Waste Specific Gravity p =1410 mole
b Nitrite Concentrafion NO, = 3 020
Radiolytic Power of Waste wastepower = 1 481 — later
ft sec
mole
intial DCRT H; Inventory voly =0 000#> Aluminum Concentration Al=1200 liter
[}
¥ — W i M
Hz Inventory Based on CGM?  flagegy, = "no TOC Concentration TOC = 12781 E%I-n—
ter
CGM Measurement CONCY F1, cgmp = O 000 %LFL
- Ammonia Concentration NHj; = 14 850 %LFLyy3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 300 %LFLyy
Period 1
Inthat Flow Rate flow = 4 000ﬂ Time Pumped at Inital Flow Rate time = 52 000 hr
min
ol
Hydrogen Carryover Rate gr,; nopr = 3 297 x 107° mole Intial Fill Factor =~ 0000%
= hter tvol
P
ar ool = 0026 "h"r'-
Penod 2
Second Flow Rate flow, = 4 ooo-g—al— Time Pumped at Second Flow Rate Iim?2 = 52 000 hr
min
3 tvol
Hydrogen Carryover Rate  gr, |, =0 026-:—r Inibial Fill Factor “’1“2 = 40 240%
tvol
Process Engineenng
Case 3-Worst Case H2&NH3 U-103 & U-106 CH2M HILL
dissolved H2 & CH4 to 244 U hi med Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Inshal Flow Rate flow = 4 000-gil Time Pumped at Inital Flow Rate tune = 52 000 hr
mm

ol

Inthat Fifl Factor = ';"t =0000% Final Fill Factor i = 40 240 %
0

Inial Fili Volume  tvol,,; = O gal Final Fill Volume ffv = 12480 gal

inal H2 Concentration (%LFL) ih2c=0000%

Final H2 Concentration (%LFL) fh2c = 1245% Final Flammable Gas Concentration (%LFL) fige = 16395%

Utimate (ss) H2 Concentration (%LFL) uhh2cl = 6769%

Ulhmate (ss) Flammable Gas Concentration (%LFL) uhfgcl = 21619%

Period 2
Second Fiow Rate flow, = 4 000 gl Time Pumped at Second Flow Rate  im2 = 52 000hr
min
tVOIm.ltZ
Inthal Fill Factor - 40 240% Final Fill Factor fif2 = 80 479%
0,
Inrbal Fill Volume  tvol,,,, = 12480 gal Ftnal Fill Volume ffv2 = 24960 gal

Inthal H2 Concentration (%LFL) 1h2e2 = 1 245%

Final H2 Concentration {(%LFL) fh2¢2 = 4255% Final Flammable Gas Concentrabon  ffge2 = 19405%
Ulimate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
ubh2c2 = 11 517% uhfge2 = 26 367%

Maximum %LFL with Loss of Ventilation  LFL,¢ preattung = 211 786 %
Time to Reach 25% LFL with Loss of Ventilation  Tiune, 504 g1, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilahon  Time, sgoqq pr, = 25 872 day

Time to Reach 100% LFL with Loss of Ventlation Time, ;ogoq5r, = 94 653 day

Process Engineenng
Case 3 Worst Cass H28NH3-U 103 & U-106 CH2M HILL
dissolved H2 & CH4 to 244-U hf med Mathecad V2000+
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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
Wwsu 241-U-108
- the inbal condition of the tank 1s 0% full
- this model calulates the remainder unti fill is hit at 80% full with
pumping rate inthally of 4 gpm to 40% full
- immediate change in pumping rate of 4 gpm with no chance to come
to steady state H2 concentration
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate wr = 3000 Er- Nitrate Concentration NO; =3 180 T
1er
Saltwell Waste Specific Granty p = 1410 mole
b Nitnte Concentration NO, = 3020
Radioiytic Power of Waste wastepower = 1 48] ——- hiter
R’ Aluminum Concentration Al=1200 molo
Inial DCRT H, Inventory volgz =0 000£° = Liter
Ha Inventory Based on CGM?  fiag,,,, = no TOC Concentration TOC = 12 781 fﬁl
ter
CGM Measurement CONCLFY, cpmo = 0 000 %LFL
h Ammonia Concentration NH; = 2 480 %LFLys
DCRT Waste Temperature T =304250K Methane Concentration CH4 = 0300 %LFL 3y
Penod 1
Inthal Flow Rate flow = 4 Ooo-g—al- Time Pumped at Inttal Flow Rate tme = 52 000 hr
min
ol
Hydrogen Carryover Rate  gr; motar = 3 297 x 10_5@ Intial Fill Factor - ‘;“t = 0000%
- (¢!
PE
or ool = 0026 E
Penod 2
Second Fiow Rate flow, = 4 OOOg—al- Time Pumped at Second Flow Rate  hm2 = 52 000hr
mm
ﬁ3 tVOInutZ
Hydrogen Carryover Rate  gr,,, = 0 026 - Intbal Fill Factor ol - 40 240%
0
Process Engmeenng
Case 3-Worst Case H2&NH3-U-103-WsU & U CH2M HILL
106 dissolved H2 & CH4 to 244 U hf med Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Iniial Fiow Rate flow = 4 000 —fui:l Time Pumped at Intal Fiow Rate time = 52 000 hr
inhal Fill Factor Etvg::;“—t = 0 000% Final Fill Factor fff = 40 240%
Inhal Fill Volume  tvol,, = 0 gal Final Fill Volume fiv = 12480 gal

Inial H2 Concentration (%LFL) th2c = 0000%

Final H2 Concentration (%LFL) fh2c =1245% Final Flammable Gas Concentration (%LFL) ffgc = 4 025%

Ultimate (ss) H2 Concentrahon {(%LFL) uhh2cl = 6 769%

Ultmate (ss) Flammable Gas Concentration (%LFL) uhfgel = 9249%

Penod 2
Second Flow Rate flow, =4 Oooﬂ Time Pumped at Second Flow Rate  lim2 = 52 000 hr
min
WOllma
Inthal Fill Factor ol 40 240% Final Fill Factor 2 =80479%
0,
Inhal Fill Volume  tvol ,» = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inthal H2 Concentration {(%LFL) 1h2c2 = 1245%

Final H2 Concentration (%LFL)  fh2¢2 = 4 255% Final Flammable Gas Concentration  ffge2 = 7035%
Utbtmate (ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
uhh2c2 = 11 517% uhfge2 = 13 997 %

Maximum %LFL with Loss of Ventilaion  LFL ;¢ treathung = 209 930%
Time to Reach 25% LFL with Loss of Ventilaton  Time, psoq py = 11 638 day
Time to Reach 50% LFL with Loss of Ventlaton  Time; sgoq 5y, = 40 850 day

Time to Reach 100% LFL with Loss of Ventlation Tln’lez_loo%LFL = 115975 day

Process Engineenng
Case 3-Worst Case H2&8NH3 U-103-WSU & U- CH2M HILL
108 dissolved H2 & CH4 to 244-U-hf med Mathcad V2000+
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Aitor o & Moo De [f26 /00 recaiy A HTY oate [2/en_
SUMMARY: DCRT 244-U Calcuiations based on worst case hydrogen generation and ammonia tank

241-U-103 and worst case dissolved hydrogen and methane 241-U-106

! CASE 4 - the inibal condition of the tank 1s 0% full
- this model calulates the remainder until fill 1s it at 80% full with
pumping rate of 4 8 12,16 20 or 30 gpm

INPUT SUMMARY:
General Data
i mole
DCRT Ventiation Rate vr=3 Ooo-l;r- Nitrate Concentration NO; =3 180 -
it
Saltwell Waste Specific Gravity p =1 410 mole
b Nitnte Concentration NO, = 3020
Radiolytic Power of Waste wastepower = 1 481 — liter
ft sec
mole
Intkal DCRT H, Inventory VO]HZO — 00008 Aluminum Concentration Al=1200 e
Hzinventory Based on CGM?  flaggy, = "no” TOC Concentration TOC = 12781 lgn_
iter
CGM Measurement CONCYFY, comp = O 000 %LFL
- Ammonia Concentration NHj; = 14 850 %LFLyy3
DCRT Waste Temperature T =304250K Methane Concentration CH, = 0 300%LFLy,
Period 1
Iniial Flow Rate flow = 4 000 gl Time Pumped at Inital Flow Rate time = 52 000hr
min
ol
Hydrogen Carryover Rate  gro; molar = 3 297 x 107 mole inthal Fill Factor o o 0000%
= hiter tvol
P
OF  gr=0026—
Penod 2
Second Flow Rate flow, = 4 000 £ Time Pumped at Second Flow Rate  Iim2 = 52 000hr
min
2 Vol
Hydrogen Carryover Rate  gr.;, = 0026 ™ Inthal Fifl Factor —= 40 240%
2/
Process Engineenn
Case.4 Worst Case H2&NH3-U-103 & U-106 CI-!I;ZM HIL%
dissolved H2 8 CH4 to 244 U-4gpm hf med Mathcad 2000+
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OUTPUT SUMMARY:
Period 1
Inhal Flow Rate  flow =4 000% Time Pumped at Intal Flow Rate tume = 52 000 hr
Intbal Fill Factor tvt::)';"t = 0000% Final Fill Factor fif = 40 240%
Inhal Fill Volume  tvol,,; = 0 gal Final Fill Volume fiv = 12480 gal

Intiat H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c =1245% Final Flammable Gas Concentration (%LFL) ffgc = 16395%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21619%

Penod 2
Second Flow Rate  flow, =4 000-55!- Time Pumped at Second Flow Rate  Iim2 = 52 000 hr
min
tVOllmtz
Intial Fill Factor e 40 240% Final Fill Factor fif2 = 80 479 %
(4)
Inhal Fill Volume  tvol,,, = 12480 gal Final Fill Volume ffv2 = 24960 gal

Inthal H2 Concentration (%LFL) 1h2c2 = 1245%

Final H2 Concentration (%LFL) fh2c2=4255% Final Flammable Gas Concentration  ffgc2 = 19405%
Ultmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh2¢2 = 11517% uhfge2 = 26 367 %

Maximum %LFL with Loss of Ventilation LFLyat preathung = 211 786 %
Time to Reach 25% LFL with Loss of Ventilation  Time; 5504 ;1 = 0 000 day
Time to Reach 50% LFL with Loss of Ventilation  Time) sgoq pr, = 25 872 day

Time to Reach 100% LFL with Loss of Ventilation  Time, jpgq 51, = 94 653 day

Process Engineenng
Case 4-Worst Case H2&NH3 U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244-U-4gpm-hf med Mathcad V2000+
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SUMMARY:

DCRT 244-U Calculations based on worst case hydrogen generaton and ammonia tank
) 241-U-103 and worst case dissolved hydrogen and methane 241-U-106

CASE 4 - the inttial condition of the tank 1s 0% full
- this model calulates the remainder until fill 1s hit at 80% full with
pumping rate of 4 8 12 16 20 or 30 gpm
INPUT SUMMARY:
General Data
2 mole
DCRT Ventilation Rate vr=3 OOOE Nitrate Concentration NO; =3 180—1--{;-
It
Saltwell Waste Specific Gravity p =1410 mole
b Nitnte Concentration NOy =3020——
Radiolybc Power of Waste wastepower = 1481 —— hter
ft sec
mole
Intbal DCRT H, Inventory volggp = 0000 & Aluminum Concentration Al=1200 ter
0
Ha inventory Based on CGM?  flageg,, = "no” TOC Concentration TOC = 12781 -1%
CGM Measurement CONCypy, cgmo = 0 000 %LFL
- Ammonia Concentration NH; = 14 850 %LFLyys3
DCRT Waste Temperature T=304250K Methane Concentration CHy = 0 300%LFLcyyy
Penod 1
Inihial Flow Rate flow = 8 OOOEI— Time Pumped at Iintal Flow Rate tume = 26 000 hr
min
ol
Hydrogen Carryover Rate  gr. popsr = 3 297 x 107° mole Inthai Fill Factor o = 0000%
- liter tvol
e
OF  gryy=0053—
Period 2
Second Flow Rate  flow, =8 oooﬂl- Time Pumped at Second Flow Rate  Iim2 = 26 000 hr
min
% tvol o
Hydrogen Carryover Rate  gr,;, = 0053 r Inhal Fili Factor b 40 240%
0,
Process Engineering
Case 4 Worst Case H2&NH3 U 103 & U-106 CH2M HILL
dissolved H2 & CH4 to 244-U 8gpm-hf mcd Mathcad V2000+
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OUTPUT SUMMARY:
Penod 1
Inttal Flow Rate flow = 8 000% Time Pumped at Inital Flow Rate time = 26 000 hr
inibal Fill Factor wt:i‘;“‘ = 0000% Final Fill Facior fif = 40 240%
{ntal Fili Volume  tvol,,,; = 0 gal Final Fill Volume ffv = 12480 gal

Inial H2 Concentration (%LFL) 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c=1153% Final Flammable Gas Concentratton (%LFL} ifge = 16303 %

Uitimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultimate (ss) Flammable Gas Concentration (%LFL) ubfgel = 21619%

Peniod 2
Second Flow Rate flow, = 8 (}()Og—aI Time Pumped at Second Flow Rate  lim2 = 26 000 hr
mitn
ol
Inthat Fill Factor — = 40 240% Fmal Fill Factor fif2 = 80479%
0,
Intial Fill Volume  tvol,,p = 12480 gal Final Fill Volume ffv2 = 24960 gal

inhal H2 Concentration (%LFL) 1h2¢2 = 1 153%

Fmal H2 Concentration (%LFL)  th2¢2=3821% Final Flammable Gas Concentration  ffige2 = 18971%
Ultimate (ss) H2 Concentration (%LFL) Ulbmate (ss) Flammable Gas Concentraton (%LFL)
uhh2c¢2 = 11 517% uhfge2 = 26367 %

Maximum %LFL with Loss of Ventlaton ~ LFL 4 preattung = 211 786%
Time to Reach 25% LFL with Loss of Ventilation  Timey 504 g1, = 0 000 day
Time to Reach 50% LFL with Loss of Ventllation  Time, oo 1, = 25 872 day

Time to Reach 100% LFL with Loss of Ventilation Time, yog0a 51, = 94 653 day

Process Engineering
Case 4-Worst Case H2&NH3 U-103 & U-106 CH2M HILL
dissolved H2 & CH4 to 244--8gpm hf mcd Mathcad V2000+
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SUMMARY: DCRT 244-U Calculattons based on worst case hydrogen generation and ammonia tank
241-U-103 and worst case dissolved hydrogen and methane 241-U-106

Date _t ’ 26 oo

H; Inventory Based on CGM?  flag,,, = "no"

CGM Measurement conepgy, cgmo = 0 000%LFL

CASE 4 - the inthal condition of the tank is 0% full
- this model calulates the remainder untl fill is hit at 80% full with
pumping rate of 4 8 12 16,20 or 30 gpm
INPUT SUMMARY:
General Data
i mole
DCRT Ventiation Rate vr=3 OOOE Nitrate Concentration NO; =3 180 T
Saltwell Waste Specific Gravity p = 1410 mole
b Nitite Concentration NO, =3020——
Radiolytic Power of Waste wastepower = 1 48] —— hiter
Bsec’ Alummum Concentration Al =1200 &Ie
Inthal DCRT H,, Inventory voly, = 0 000#° = hter
0

TOC Concentration TOC = 12 781 T;g.’_“..
ter

Ammonia Concentration

NH; = 14 850 %LFLyyys

DCRT Waste Temperature T =304 250K

Methane Concentration CH; = 0 300 %LFL

Pernod 1

flow = 12 000 2L
min

Intial Flow Rate Time Pumped at Inital Flow Rate time = 17 000hr

Hydrogen Carryover Rate  gr,p) meter = 3297 x 107° mole

tvol .
Inhal Filt Factor =0000%
liter tvol

ﬂ3
or gr;=0 079E

Period 2
Second Flow Rate flow, = 12 OOOg—al- Time Pumped at Second Flow Rate Iim2 = 18 000 hr
min
ﬁs tVOII.mQ
Hydrogen Carryover Rate  gr =0 079E Inthal Fill Factor e 39 466%
0

Process Engineenng
CH2M HILL
Mathcad V2000+

Case 4-Worst Case H2&NH3-U-103 & U-106
dissolved H2 & CH4 to 244 U 12gpm hf med

U-4-6
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OUTPUT SUMMARY:
Penod 1
Inhal Flow Rate flow = 12 000 % Time Pumped at Intal Flow Rate time = 17 000 hr
Inttial Fill Factor wt:i’;“‘ = 0 000% Final Fill Factor £ = 39 466 %
Inthal Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 12240 gal

inttal H2 Concentration (%LFL} 1h2c = 0000%

Final H2 Concentration (%LFL) fh2c = 1093% Final Flammable Gas Concentration (%LFL) ffgc = 16243%

Ulbtmate (ss) H2 Concentration (%LFL) uhh2cl = 6 681%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21 531%

Period 2
Second Flow Rate flow, = 12 000 ﬁai Time Pumped at Second Flow Rate hm2 = 18 000 hr
mn
WOqutZ
indial Fill Factor el =39 466% Final Fill Factor fif2 = 81253%
0
Inthat Fill Volume  tvol,,, = 12240 gal Final Fill Volume ftv2 = 25200 gal

Inital H2 Concentration (%LFL) th2c2 = 1093%

Final H2 Concentrafion (%LFL)  fh2e2 =3 763% Final Flammable Gas Concentraton  ffge2 = 18913%
Ulbmate (ss) H2 Concentration (%LFL) Ultmate (ss) Flammable Gas Concentration (%LFL)
uhh202 = 11 622% uhfge2 = 26 472%

Maximum %LFL with Loss of Ventilabon  LFL,;; preathung = 221 508 %
Time to Reach 25% LFL with Loss of Ventilation  Time, 5504 51, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilation  Time, sgo, = 24 378 day

Time to Reach 100% LFL with Loss of Ventilation  Time; 99057, = 88 610 day

Process Engineenng
Case 4-Worst Case H2&NH3-U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244 U 12gpm hf med Mathcad V2000+
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SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generation and ammonia tank
CASE 4 ) 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
- the intial condition of the tank is 0% full
- this model calulates the remainder until fill 1s hit at 80% full with
pumping rate of 4 8,12 16 20 or 30 gpm
INPUT SUMMARY:
General Data
i mole
DCRT Ventlaton Rate =3 000; Nrtrate Concentration NO; =3 180 L
ter
Saltwell Waste Specific Gravity p = 1410 mole
b Nitrte Concentration NO, =3 020
Radiolytic Power of Waste wastepower = 1 481 —— liter
ft sec
mole
Intial DCRT H, Inventory vl = 0000 2 Aluminum Concentration Al=1 ZOOE
0

H, Inventory Based on CGM?

flagegm = "no” TOC Concentration TOC = 12781 -fg—r-li-
iter
CGM Measurement CONCLyy, cpmo = 0 000 %LFL
- Ammonia Concentration NHj; = 14 850 %LFLyngs
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 300 %LFLcyy
Perod 1
inhal Fiow Rate flow = 16 000 &l Time Pumped at Intal Flow Rate time = 13 000 hr
min
ol
Hydrogen Carryover Rate  gro; motae = 3 297 % 10_51%1: Inial Fill Factor - ’;“t = 0000%
¥ R 0.

ﬁ3
or  gry=0 106-h—r~

Penod 2
Second Flow Rate  flow, = 16 000 £l Time Pumped at Second Flow Rate  im2 = 13 000hr
i
ﬂ3 Vol
Hydrogen Carryover Rate  gr,,=0 106«—h—r— Inthal Fill Factor = 40240%

Process Engineenng
CH2M HILL
Mathcad V2000+

Case 4-Worst Case H2&NH3-U-103 & U 106
dissolved M2 & CH4 to 244-U-18gpm hf med

u-4-8
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OUTPUT SUMMARY:
Period 1
Inthal Flow Rate flow = 16 OOO% Time Pumped at Inital Flow Rate time = 13 000 hr
Intbal Fill Factor wt:i‘;“‘ = 0000% Final Fill Factor 5 = 40 240%
Inhal Fill Volume  tvol,,,, = 0 gal Final Fill Volume fiv = 12480 gal

Inhal H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c = 1 106% Final Flammable Gas Concentration (%LFL) ffgc = 16 256 %

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 769%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21619%

Penod 2
Second Flow Rate  flow, = 16 000 g—al Time Pumped at Second Fiow Rate lim2 = 13 000 hr
min
tvolyyn
Initral Fill Factor — = 40 240% Final Fill Factor fif2 = 80 479 %
0
Intial Fiil Volume  tvol,,» = 12480 gal Final Fill Volume fiv2 = 24960 gal

Inhal H2 Concentration (%LFL) th2e2 =1106%

Final H2 Concentration (%LFL) fh2c2=3593% Final Flammable Gas Concentration  ffge2 = 18 743%
Ultimate (ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
uhh2¢2 =11 517% uhfge2 = 26 367 %

Maximum %LFL with Loss of Ventilaion  LFL,,; preathung = 211 786 %
Time to Reach 25% LFL with Loss of Ventlation  Tume; 50 g, = 0 000 day
Time to Reach 50% LFL with Loss of Ventlaton  Time, 5904157 = 25 872 day

Time to Reach 100% LFL with Loss of Ventlation Time; ggq51, = 94 653 day

Process Engineenng
Case 4-Worst Case H2&NH3-U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244-U-16gpm-hf med Mathcad V2000+
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Inihal DCRT H; Inventory

H; inventory Based on CGM?

volig, = 0000 i

flag.pm = "no'

SUMMARY: DCRT 244-U Calculations based on worst case hydrogen generafion and ammoma tank
CASE 4 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
- the inthal condition of the tank 1s 0% full
- this mode! calulates the remainder until fill 1s hit at 80% full with
pumping rate ¢f4 § 12 16 20 or 30 gpm
INPUT SUMMARY:
General Data
3 mole
DCRT Ventlation Rate vr = 3000 . Nrtrate Concentration NO; =3 180 ”
r
Saltwell Waste Specific Gravity p =1410 mole
b Nrtrite Concentration NGO, = 3020
Radiolytic Power of Waste wastepower = 1 481 —— liter
ft sec
Aluminum Concentration Al=1 200m_ole'

hiter

TOC Concentration TOC = 12781 %
1
CGM Measurement CONCLFY, cgmo = 0 000 %4LFL
- Ammonia Concentration NH; = 14 850 %LFLyys3
DCRT Waste Temperature T=304250K Methane Concentration CH, = 0 300 %LFLcqy4
Period 1
Intial Flow Rate flow = 20 000ﬂ Time Pumped at Intal Flow Rate time = 10 000hr
min
ol
Hydrogen Carryover Rate gr,y; motsr = 3 297 x 107° m:)le Iniial Fil} Factor = ';"t = 0000%
- iz 0.

or  gry=0 132%

3

Perniod 2
Second Flow Rate flow, = 20 000g—al- Time Pumped at Second Flow Rate  hm2 = 11 000hr
min
f tvol, e
Hydrogen Carryover Rate  gr,, =0 IBZE Intial Fill Factor ol - 38692%
0.
Process Engineering

Case 4 Worst Case H2&NH3-U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244-U-20gpm-hf med Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Inihal Flow Rate flow = 20 000 % Time Pumped at Inital Flow Rate time = 10 000 hr
Inttal Fill Factor w;i‘;“‘ = 0000% Final Fill Factor fIf = 38 692%
Inttal Fill Volume  tvol,,,, = O gal Final Fill Volume ffv = 12000 gal

Inthal H2 Concentration (%LFL) 1h2c= 0 000%

Final H2 Concentration (%LFL) fh2c=1041% Final Flammable Gas Concentration (%LFL) figc = 16191%

Ulimate (ss) H2 Concentration (%L.FL) uhh2cl = 6 592%

Ultimate (ss) Flammable Gas Concentration (%LFL) ubfgcl = 21 442%

Period 2
Second Flow Rate  flow, = 20 000 gl Time Pumped at Second Flow Rate  im2 = 11 000hr
min
ol ez
Inhal Fill Factor s 38692% Final Fili Factor 2 = 81253%
O
Intial Fill Volume  tvol,,» = 12000 gal Final Fill Volume ffv2 = 25200 gal

Inal H2 Concentration (%LFL) th2¢2 = 1041%

Final H2 Concentration (%LFL)  fh2c2 = 3635% Final Flammable Gas Concentraton  ffgc2 = 18 785%
Ulbmate (ss) H2 Concentration {(%LFL) Ultimate (ss) Flammable Gas Concentration (%LFL)
vhh2e2 = 11 622% uhfge2 = 26 472%

Maximum %LFL with Loss of Ventilation  LFL,;; preygygg = 221 508%
Time to Reach 25% LFL with Loss of Ventilation  Time, 0457, = 0 000 day
Time to Reach 50% LFL with Loss of Ventilation  Tune, soo 5y, = 24 378 day

Time to Reach 100% LFL with Loss of Ventilaion Time, (gpo51. = 88 610 day

Process Engineenng
Case 4-Worst Case H2&NH3 U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244-U-20gpm-hf mcd Mathcad V2000+
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SUMMARY" DCRT 244-U Calculatons based on worst case hydrogen generation and ammoma tank
SE 4 B 241-U-103 and worst case dissolved hydrogen and methane 241-U-106
! CA - the inihal condition of the tank 1s 0% full

! - this model calulates the rematnder untl fill 1s hit at 80% full with
pumping rate of 4 8 12, 16 20 or 30 gpm

INPUT SUMMARY:
General Data
i mole
DCRT Ventilation Rate =3 OOOE- Nitrate Concentration NO; =3 180 —
Saliweli Waste Specific Gravily p = 1410 mole
b Nitnte Concentration NO, =3020
Radiolytic Power of Waste wastepower = 1 481
B’ Aluminum Concentration Al =1200 wole
Inial DCRT H, Inventory voligs = 0000 i = Titer
Hg Inventory Based on CGM?  flagyyy = 10" TOC Cencentration TOC = 12781 .I:i'tcl
1er
CGM Measurement CONCLEY, cgmo = 0 000 %LFL
- Ammonia Concentration NHj = 14 850 %LFL;qp3
DCRT Waste Temperature T =304250K Methane Concentration CH, = 0 300%LFLcgyq
Perod 1
Inthat Flow Rate flow = 30 000 -g-ai Time Pumped at Inital Flow Rate tume = 7 000 hr
mun
tvol
Hydrogen Carryover Rate  gr..; molar = 3 297 x 1073 mole Inbal Fill Factor 2 = 0000%
= liter tvol
f*
of gry=0 198‘1;-
Period 2
Second Flow Rate  flow, = 30 000 gl Time Pumped at Second Flow Rate  im2 = 7 000hr
min
ﬂs tvc’luutZ
Hydrogen Carryover Rate  gr, o= 0 IQSE intial Fill Factor = 40627%
0.
Process Engineenng
Case 4 Worst Case H28NH3-U-103 & U-106 CH2ZM HILL
dissolved H2 & CH4 to 244 U 30gpm hf med Mathcad V2000+
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OUTPUT SUMMARY:
Period 1
Inial Flow Rate flow = 30 000 -gmi— Time Pumped at inttal Flow Rate time = 7 000 hr
Intial Fill Factor wt::)’;“‘ = 0000% Final Fill Factor fif = 40 627 %
Intal Filf Volume  tvol,,,, = 0 gal Final Fil! Volume ffv = 12600 gal

Inthal H2 Concentration (%LFL) 1h2e= 0 000%

Final H2 Concentration (%LFL) fh2c =1 098% Final Flammable Gas Concentration (%LFL) ffgc = 16 248%

Ultmate (ss) H2 Concentration (%LFL} uhh2cl = 6 813%

Ultimate (ss) Flammable Gas Concentration (%LFL) uhfgel = 21 663 %

Period 2
Second Fiow Rate  flow, = 30 000 &l Time Pumped at Second Flow Rate  him2 = 7 000hr
min
ol
Inthal Fill Factor I 40 627 % Final Fill Factor fif2 = 81253 %
(3)
Inial Fill Volume  tvol,,» = 12600 gal Final Fill Volume ffv2 = 25200 gal

Inital H2 Concentration (%LFL) 1h2c2 = 1098%

Final H2 Concentration (%LFL) fh2c2=3571% Final Flammable Gas Concentration  figc2 = 18 721%
Ultimate (ss) H2 Concentration (%LFL) Ultimate (ss) Flammable Gas Concentration (%[.FL)
uvhh2c2 = 11 622 % uhfge2 = 26 472%

Maximum %LFL with Loss of Ventilaion  LFL,, preathing = 221 508 %
Time to Reach 25% LFL. with Loss of Ventilation  Time; 3504 1. = 0 000 day
Tune to Reach 50% LFL with Loss of Ventilaion  Timey souqpr. = 24 378 day

Time to Reach 100% LFL with Loss of Ventilation Time, 19p0q p1, = 88 610 day

Process Engineenng
Case 4-Worst Case H2&NH3-U-103 & U 106 CH2M HILL
dissolved H2 & CH4 to 244-U-30gpm hf med Mathcad V2000+
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DCRT 244-U 1/12/00 15 02
Case 5 (Story 1)

Worst Case Tank Waste U-108
Ammonia in hquid 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

Temperature Ammonia in Ammonia
Model ©F) Vapor Space in hqurd waste
{% LFL) {pgfmL)

Schumpe 70 25 3079
Schumpe 70 50 6153
Schumpe 70 100 12315
Schumpe 80 25 2364
Schumpe 80 50 4728
Schumpe 80 100 9457
Schumpe 90 25 1832
Schumpe 90 50 3664
Schumpe 90 100 7328
Schumpe 100 25 1431
Schumpe 100 50 2863
Schumpe 100 100 5726
Schumpe 110 25 1128
Schumpe 110 50 2255
Schumpe 110 100 4511
Schumpe 120 25 895

Schumpe 120 50 1790
Schumpe 120 100 3581

Schumpe 130 25 716

Schumpe 130 50 1432
Schumpe 130 100 2863
Schumpe 140 25 576

Schumpe 140 50 1153
Schumpe 140 100 2305
Schumpe 150 25 467

Schumpe 150 50 934

Schumpe 150 100 1868
Schumpe 160 25 381

Schumpe 160 50 762

Schumpe 160 100 1524
Schumpe 170 25 312

Schumpe 170 50 625

Schumpe 170 100 1250
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244-U
5 (Story 1)
Table U5 2 U farm Ammonia Data
Ammonia lome Henry s Law Ammonia in
Tank in liquid Temperature Strength | Constant, K[NH,] Vapor
waste CF (molarity) | (mole/L. atm) Space
(ng/mL) y liquid (% LFL)
U102 745 86 2028 4118 6 85
U-103 1400 88 2008 3571 14 85
U 105 1600 90 185 4 833 12 54
U 106 1 82 16 44 7111 001
U107 403 79 1919 5 869 26
U108 1 38 2129 2918 001
U109 1100 B4 2017 429 971

Note 15 5% NH3 = 100% LFL
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DCRT 244 U
Case 5 (Story 1)

Table U5-3 Henry's Law Constant Calculation for Tank U-102 (2 pages)
Input Data for Henry s Law Constant Calculation and the Dynamic Spreadsheet

244U

Source Tank U-102
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Recetving Tank)
Parameter Units Value Parameter Units Value
NHg ng/mi 745| |Percent Fill of Receiving Tank % 50
Na*' pg/ml 243000] {Volume of Vapor Space L 58700
Al ug/ml 18000: {Length of Waste Fall ft 6
Fe™ ug/mi 20] |Inside Diameter of Recerving Tank ft 12
cr' ng/ml 279| |Flow Rate of Waste gpm 4
Ni** pa/mi 126 [Total Pressure in Vapor Space atm 1
K pg/ml 3770| |Ventilation Flow Rate for Receiving Tank cfm 005
OH ug/ml 26630| [Total Ventilation Flow Rate for Stack cfm 005
N031 pg/mi 244001 |Total Bubbler Flow Rate cfh 3
NO, pg/mi 104000| | Temperature of Air In Vapor Space °F 878
cO,2 ng/mi 46800/ |Stream Diameter inches 1
PO,* pg/mi 3800| |Tortuosity Factor unitiess 1
8$0,° pg/mi 7050! {Initial Concentration of NH, in the Vapor Phase |mole/m® 0
F' pg/mi 706| |Surface Area of Still Waste m? 39 02
ct’ pg/ml 8810| [Fumigation Divisor at 100 meters unitless 1
L pg/ml 0| |[Non Fumigation Daisor at 100 meters unitless 1
Br' png/ml 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 47 85
Specific Gravity unitless 138
Total Organtc Carbon |g/l 1275
Cs 137 pCi/ml 436
Temperature °F 86
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Table U5-3 {Contd) Henry s Law Constant Calculation for Tank U 102 (2 pages)
Source Tank |U 102 INPUT DATA {Dats 01/13/00 Rewision o NH3
Dilution Ratio {0 1 ug/ml
fon MW ¢t {molas/L) hi hicl 745
Na*' 2299 10 67 01143 1 20812982 [From Weisenberger & Schumpe (1996) moles/L
Al 26 98 0 67 02174 0145041013 0 043744532
Fe™ 5585 3 BYYE 04 01161 4 17835E 05
cr* 52| 5 36BE 03 00648 0000347677 |Gas h (T} h (G 0}
NI 5871| 2 146E 03 01654 0000354972
K 39 09 010 00922 0008892133|Ammonia 0 0 0481
OH' 17 0074 1567 00839| 0131369698 |Hydrogen 0 299 00218
NO, T 62 0049 394 00128 0050370328 |Methane 0524 00022
NO, ' 46 0055 226 00795 0179717598
CO,° 60 0082 078 01423 0110076841
P04‘3 94 8676 4 OO1E 02 02119 0008478882
$0,° 96 0576| 7 339E 02 01117] 00608198057
F! 19| 38 716E 02 0092 0003418526
¢’ 35 453 025 00318| 0007902239
L' 6 94| 0 OOCE +00 00754 0
Br' 79 918| O 0O0OE +00 0 0269 0
Average
20 28 1863
Mass fraction water in lig 0479 Temperature
Liquid density (kg/m3) 1380 deg F
T{C) 300 86
Temperature
deg C
300
PNL 10785
Schumpe Schumpe pure water K |mol/L.{hq) atm [NH3
gmoles/L. (Iiq) h (G}  Kwater/Ksalt|(moltkgwtrat | Henrys K | Part P atm
Ammonia 4 374E 02 4 810E 02 7721E+00| 4 815E+01| 4 118E+00 1 062E 02
Hydrogen 2 330E 02 2 459E+01 7647E 04 2053E 05| O COOE+QO
Methane 4 200E 04 7 157E+01 1 315E 03 1213E 05| 0 Q00E+00
B —
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Table U5-4 Henry's Law Constant Calculation for Tank U-103 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Sourge Tank U-103
Dilution Ratto 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Characternistics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; Hg/ml 1400| |Percent Fill of Receving Tank % 50
Na*! pg/mi 224000( |Volume of Vapor Space L 58700
Al pg/mi 32500( Length of Waste Fall ft 6
Fe*® pg/mi 28] {Inside Diameter of Receving Tank ft 12
crt® pgimi 1901 [Flow Rate of Waste gpm 4
Ni*2 pg/ml 180| [Total Pressure In Vapor Space atm 1
K* Hg/mli 4320| |Ventilation Flow Rate for Recewving Tank cfm 005
OH' ug/ml 34613| |Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 197000| |Total Bubbler Flow Rate cfh 3
NO, pg/mi 139000| {Temperature of Air in Vapor Space F 898
CO5”° ug/mi 17200] |Stream Diameter inches 1
PO,* pg/mi 3430/ |Tortuosity Factor unitless 1
$0,° pg/mi 3840 |Initial Concentration of NH, 1n the Vapor Phase [mole/m® 0
F' pa/mi 1730| |Surface Area of Still Waste m? 3902
cl' pa/mi 10800| |Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0| |Non Fumigation Divisor at 100 meters unitiess 1
Br' pg/mi 0| |Cerrection Factor for Schumpe Model unitless 1
%H,0 % 48 67
Specific Gravity unitless 141
Total Organic Carbon {g/l 12 781
Cs 137 pCi/ml 467
Temperature °F 88
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Table U54 (Contd)} Henrys Law Constant Calculation for Tank U 103 (2 pages)

Source Tank U 103 INPUT DATA iDate 36538 36822 Revision O|NH;

Diution Ratio [0 1 ug/mi

lon MW ¢l {moles/L} hi hic 1400

Na*’ 2299| 9 74338616 011431 1 113665072|From Weisenberger & Schumpe (1998) moles/L

Al 26 98 120 02174 0261878654 0 08220449

Fe ® 5585 0 00 01161 584139E 05

cr'® 521 3 6B4E 03 00648 0 00023677 |Gas h({T) h (G 0)

Ni*2 58 71| 3 066E 03 01654| 0000507104

K" 3909 1 10BE 01 00922 001018941 [Ammonia o 0 0481

OH' 17 0074 204 00839 0170751008 |Hydrogen 0 299 -0 0218

NO5 T 62 0049 318 00128| 0040667663 jMethane -0524 00022

NO, T 46 0055 302 00795 0240199638

CO,° 60 0092 029 01423 0040786474

PO,° 94 9676 004 02119 0007653303

S0, 2 96 0576| 3 998E 02 01117 0004465314

Fr 19| 9 10BE 02 0092 000837684

ci 35453] 3074EM 00318| 0009776892

L* 694 0 00 0 0754 0

Br' 79 916| 0 OOOE+00 0 0269 0
Average

20 06061405 1 809212655

Mass fraction water In lig 0 49 Temperature

Liguid density {kg/m3) 1410 000 deg F

T(C) 31 88
Temperature
deg C
31 1111111

PNL 10785
Schumpe Schumpe pure water K |mol/L(lig) atm |NH3
gmoles/L (g )h (G) Kwater/Ksalt  |{mol/kgwtr at |Henrys K Part P atm

Ammonia 0 08220449 00481| 8 796238969| 45 77208045| 3 570852654 | 0 023020325

Hydrogen 2 363E 02 2 724E+01 7610E 04! 18917E 05 0000E+00

Methane 1 002E 03 7 747E+1 1 292E 03 1 145E 05| 0 00DE+00
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Table U5-5§ Henry's Law Constant Calculation for Tank U-105 (2 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U-105
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recenving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/ml 1600| |Percent Fill of Receving Tank % 50
Na*! pg/mi 226999| |Volume of Vapor Space L 58700
Al ug/ml 29800/ |Length of Waste Fall ft 6
Fe*® ug/mil 311 {Inside Diameter of Receiving Tank ft 12
cr'® pg/mi 201 |[Flow Rate of Waste gpm 4
NI ¢ ug/ml 248| |Total Pressure in Vapor Space atm 1
K pua/mi 3980| |Ventilation Flow Rate for Receving Tank cfm 005
OH' ug/mi 20933| |Total Ventiation Flow Rate for Stack cfm 005
NOg ' pg/ml 181001/ {Total Bubbler Flow Rate cfh 3
NO, ! pg/mi 108000| {Temperature of Air in Vapor Space °F g18
CO,2 pg/mi 27850| |Stream Diameter inches 1
PO, ugfmi 3923 |Tortuosity Factor unitless 1
80,* pg/mi 8010/ [Initial Concentration of NH; In the Vapor Phase [mole/m® 0
F' pg/mi 1310]| [Surface Area of Still Waste m? 3902
ok ug/mi 8920 |Fumigation Divisor at 100 meters unitless 1
Lt png/mil 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0} jCorrection Factor for Schumpe Modei unitless 1
%H.C % 62 56

Specific Gravity unitless 146

Total Organic Carbon [g/l 11 441

Cs 137 uCiimi 386

Temperature °F 90
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Table U5-5 (Contd) Henry s Law Constant Calculation for Tank U 105 (2 pa%es)

Source Tank U 105 INPUT DATA |Date 36538 38204 Revision O[NH;

Dilution Ratio |01 ug/ml

lon MW ¢i {moles/L) hi ] 1600

Na*' 2299| 98738296 01143; 1 128578711 |From Weisenberger & Schumpe (1996) moles/L

Al 26 88 110 02174; (0240123538 0 093947988

Fe' 55 85 0 00 01161 6 44423E-05

cr* 52F 3 86BE 03 00648| 0 000250476|Gas h (T) h{G 0)

NI 58 71| 4 224E 03 01654| 0 000698675

K 3909 1 0O18E 01 00922 0009387474 {Ammonia 0 -0 0481

OH' 17 0074 123 00839 0103265561 |Hydrogen -0 289 -0 0218

NO, 62 0049 292 00128 0037364909|Methane 0524 00022

NO, ' 46 0055 2 36 00795 0186629853

COy 2 60 0092 046 01423 0088040643

PO, 8 94 9676 004 02119 0008752407

$0,° 96 0576] 8 339E 02 01117| 0009314378

F' 19] 6 89BE 02 0092| 0006343156

cl’ 35453] 2 516E O1 00318| 0 008000904

T 6 94 000 0 0754 0

Br' 79 918| O OOOE +00 0 0269 _ 0
Average

18 49564501 1 804815126

Mass fraction water in lig 063 Temperature

Liquid density (kg/m3) 1460 000 deg F

T(C) 32 90
Temperature

0 deg C
32 22222222
PNL 10785
Schumpe Schumpe pure water K [mol/L{lq) atm |NH3
gmolesiL (I }{h {G) Kwater/Ksalt  [{molikgwir at |Henry s K Part P atm

Ammonia 0 093947988 00481| 8225732864 43 52508667 | 4 8329760051 0 019438952

Hydrogen 2 396E 02 2 300E+01 7576E 04 3 009E-051 0 QOOE+C0

Methane 1 584E 03 5 964E+01 1271E 03| 1 947E-05] 0 000E+00

I
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Date 1125/90

Table U5-6 Henry s Law Constant Calculation for Tank U-106 (2 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank L 106
Dilufion Rafio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-U

Liquid Waste Charactenshcs (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NHs pa/ml 1| [Percent Fill of Receiving Tank % 50
Na*' ng/mil 210001]| |Volume of Vapor Space L 58700
Al'® pg/mi 11300/ |Length of Waste Fall ft 6
Fe* ug/ml 50| |inside Diameter of Receving Tank ft 12
crd ug/mi 393| |Flow Rate of Waste gpm 4
Ni*2 pg/m! 496| |Total Pressure in Vapor Space atm 1
KH pg/mi 1810( |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/mi 0| |Total Ventitation Flow Rate for Stack cfm 005
NO; ' pg/mil 233001/ |Total Bubbler Flow Rate cfh 3
NO, pg/ml 92800| [Temperature of Air in Vaper Space °F 838
COs° ng/mi 46500| |Stream Diameter inches 1
PO,> pg/ml 3708/ |Tortuosity Factor unitiess 1
80,° ng/ml 8430| |Initial Concentration of NH;, In the Vapor Phase |[mole/m” 0
Fi ug/mi 60] {Surface Area of Still Waste m* 3902
Cl’ pgiml 5070| |Fumigation Diviser at 100 meters unitless 1
Lt ng/ml 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' pa/mi 0| |Correction Factor for Schumpe Model unitless 1
%H;O % 486
Specific Gravity unitless 135
Total Organic Carbon |g/l 37 47
Cs 137 pCiiml
Temperature °F 82
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Table U5-6 (Contd) Henry s Law Constant Calculation for Tank U 106 (2 pages)
Source Tank [U 106 INPUT DATA |Date 36538 38787 Revision 0iNH;
Dilution Ratio [0 1 ug/ml
len MW ci {moles/L) hi hi*el 1
Na™ 2299 9 1344324 0 1143| 1 044085619|From Weisenberger & Schumpe (1996) moles/L
Al 26 98 042 021741 0091053369 5 87175E-05
Fe™ 55 85 0 00 01161 0000104147
cr' 52/ 7 558E 03 00648 0000489738|Gas h(T) h (G 0)
NI 5871F 8 448E 03 01654| 0001397348
K" 3909 4 630E 02 00922 0004269171 |Ammonia Y 00481
OoH' 17 0074 0 00 0 0839 0|Hydrogen 0299 00218
NO, ' 62 0048 376 00128 0048099538(Msthane 0524 00022
NO, ' 45 0055 202 00795 016036334
COs° 60 0092 077 01423 011026545
PO,* 94 9676 0 04 02119 0008273744
$0,° 96 0578| 8 464E 02 01117} 0009453918
F! 19| 3 179E 03 0092| 0000292463
¢l 35453 1 430E 01 00318| 0004547604
L™ 694 0 00 0 0754 0
Br’ 79 916| 0 00OE +00 00269 0
Average
16 43614057 1 482675449
Mass fraction water In lig 048 Temperature
Liguid density (kg/m3) 1360 000 deg F
T (C} 28 82
Temperature
deg C
27 77777778
PNL 10785
Schumpe Schumpe pure water K mol/L{lig} atm [NH3
gmolesiL (g )|h {G) Kwater/Ksalt  j(molikgwtr at {Henry s K Part P atm
Ammonia 5 87175E 05 -0 0481 4 921495443| 53 34394698| 7 111448954 | 8 25676E 06
Hydrogen 2 263E 02 1 280E+01 7727E 04| 3929E 05{ 0 QO00E+QD
Mesthane 7 444E 04 3 125E+01 1363E 03| 2861E-05; O 000E+00
e
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Table U5-7 Henry s Law Constant Calculation for Tank U-107 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Source Tank U-107
Dilution Ratio 01 Correchon Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH3 ug/mi 403| |Percent Fill of Receving Tank % 50
Na*! pg/ml 221001 {Volume of Vapor Space L 58700
Al pg/mi 26400| |Length of Waste Fall ft 6
Fe* pg/ml 38| |Inside Diameter of Receiving Tank ft 12
cr ug/ml 575| |Flow Rate of Waste gpm 4
Ni*2 pg/mi 17| |Total Pressure in Vapor Space atm 1
K" pa/mi 3270| Ventilation Flow Rate for Receiving Tank cfm 005
OH' Hg/mi 27597 | Total Ventilation Flow Rate for Stack cfm 005
NOg ' Hg/ml 227000] {Total Bubbler Flow Rate cfh 3
NO, pg/mi 111000} [ Temperature of Air in Vapor Space °F 80 8
CO; 2 pg/mt 26450] iStream Diameter Inches 1
PO,° pg/ml 34401 [Tortuosity Factor unitless 1
S0, ° ng/ml 6630] |inttial Concentration of NH; in the Vapor Phase [mole/m” 0
F! ug/mi 167| |Surface Area of Still Waste m? 39 02
ci’ pug/mi 8990| |Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' png/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 5214
Specific Gravity unitless 141
Total Organic Carbon |g/l 3 907
Cs 137 uCifml 352
Temperature °F 79
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Table U§ 7 (Contd) Henry s Law Constant Calculation for Tank U 107 {2 pages)
Source Tank (U 107 INPUT DATA |Date 36538 39707 Rewvision O[NH;
Dilution Ratie |01 ug/ml
lon MW ¢1 {moles/L) i ht ¢ 403
Na*! 2289 26129004 01143} 1 098754515|From Weisenberger & Schumpe (1995) moles/L
Al 26 98 098 02174] 0212726418 0 023663149
Fe* 55 85 0 00 01161| 7 83701E 05
crt 52| 1 106E 02 0 0648| 0 000716538|Gas h(T) h {G 0)
Ni ¢ §5871| 2 930E 04 01654) 4 84566E-05
K 3908 8 36BE 02 00922 0 00771282 [Ammonia 0 00481
OH' 17 0074 162 00839 0 136140051 |Hydrogen 0 299 00218
NO, ! 62 0049 3 66 00128 0046860839 (Methane 0524 00022
NO, T 46 0055 241 00795 0191814012
CO, 2 60 0092 044 01423 0062721082
PO,* 04 9676 004 02119 0 00767564
S0,° 96 0576| 6 202E 02 01117 0 007709659
F' 19| 8 789E 03 0092| 0000808634
cl? 35453 2 B36E 01 00318] 0008063694
L 6 94 0 00 0 0754 0
Br' 79 916{ O OOCE + 00 0 0269 0
- Average
19 19186155 1781830726
Mass fracton water in g 052 Temperature
Liguid density (kg/m3} 1410 000 deg F
T(C) 26 79
Temperature
deg C
2611111111
PNL 10785
Schumpe Schumpe pure water K |mol/L{iq) atm |[NH3
gmeles/L (g )|h (3G) Kwater/Ksalt  |(mol/kgwir at |Henrys K Part P atm
Ammonia 0 023663148 00481) 7 222743396 57 65604198/ 5 868576617 | 0 004032179
Hydrogen 2 213E-02 2 275E+N 7 793E-04] 2518E 05| 0OQCOE+00
Methane 1 618E 03 6 499E+01 1 402E-03] 1586E 05| 0000E+00
D —
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Table U5-8 Henry's Law Constant Calculation for Tank U-108 {2 pages)

;SEE, g Date_i)&@

Date /'/.25/00 Checked by

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

244U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pa/mi 1} tPercent Filt of Receiving Tank % 50
Na ' ug/mi 242999 | |Volume of Vapor Space L 58700
Al ug/ml 32000| |Length of Waste Fall ft 6
Fe™ png/ml 33| |Inside Diameter of Recelving Tank ft 12
cr' pg/ml 1280| |Flow Rate of Waste gpm 4
Ni*2 pg/mil 31| | Total Pressure in Vapor Space atm 1
K1 pug/ml 4010] |Ventilation Flow Rate for Recelving Tank cfm 005
OoH' pa/mi 49150} |Total Ventlation Flow Rate for Stack cfm 005
NO, ! ng/mi 181000| |Total Bubbler Flow Rate cfh 3
NO, pug/ml 130000| |Temperature of Air in Vapor Space °F 898
CO,* ugiml 22000| {Stream Diameter Inches 1
PO, pg/mi 3126} { Tortuostty Factor unitliess 1
$0,° Hg/mi 4230| |Initial Concentration of NH; in the Vapor Phase |mole/m® 0
F! He/mi 790| |Surface Area of Still Waste m? 3902
¢’ pg/ml 8940| |Fumigation Diviser at 100 meters unitless 1
Lt pg/ml 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitless 1
%H0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 uCiml 416

Temperature °F 88

—— 2
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Table U5-8 (Contd} Henry s Law Constant Calculation for Tank U 108 (2 pages)

te, \JZQ /Oo

Source Tank [U 108 INPUT DATA {Date 36538 40271 Revision OINH;
Dilution Ratio 10 1 ug/ml
fon MW ci (moles/L) hi hi ¢l 1
Na*' 2299 10 669787 01143 1 208126639{From Weisenberger & Schumpe {(1996) moles/L.
AI* 2698 122 02174| 0265102298 5 87175E 05
Fe* 55 85 0 00 01161 692235E 05
cr 52| 2462E 02 00648] 0001595077 |Gas h (T} h{G0)
NI 5871| 5 323E 04 0 1654] 8803B7E 05
K 3809) 1 026E 01 009227 0009458225 Ammonia 0 0 0481
OH' 17 0074 2 89 00839] 0242464163|Hydregen 0299 00218
NO; 1 62 0049 292 00128] 0037364871 |Msethane 0524 00022
NO, ' 46 0055 283 00795 0224846949
CO,*? 60 0092 037 01423 0052168715
PO, 94 9676 003 02119 0008974576
S0,° 96 0576] 4 404E 02 01117 0004918832
F' 19] 4 1B8E 02 0092 0003825265
cl' 35453| 2 B22E O1 00318] 0008018836
L 694 000 0 0754 0
gr' 79 916| 0 O0OE +00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 31 88
Temperature
deg C
3111111
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq} atm |NH3
gmoles/L (g )1h (G) Kwater/Ksalt _[(mol/kgwtr at [Henrys K Part P atm
Ammonta 5 87175E 05 -0 04814 10 9847483| 45 77208045( 2 9179796941 2 01227E 05
Hydrogen 2 363E 02 3 646E+0 76810E 04 1 462E-05) 0 Q00E+00
Methane 1 O02E 03 1 105E+02 1 282E 03 8 188E 06 0 000E+00
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Table U5-9 Henry's Law Constant Calculation for Tank U-109 (2 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Source Tank U-109
Diiution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liguid Waste Charactenstics {Source Tank) Tank Charactenistics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH; pg/mil 1100| |Percent Fill of Receiving Tank % 50
Na ' pg/mi 228000/ [Volume of Vapor Space L 58700
Al® pg/mi 292001 |Length of Waste Fall ft 8
Fe pg/ml 100] |Inside Diameter of Receving Tank ft 12
crt ug/mil 2610]| [Flow Rate of Waste gpm 4
N2 ug/mi 46| |Total Pressure in Vapor Space atm 1
K™ pg/ml 3330] |Ventilation Flow Rate for Recewving Tank cfm 005
OH' pgimil 44150] |Total Ventilation Flow Rate for Stack cfm 005
NO, ! pg/mi 1850001 {Total Bubbler Flow Rate cfh 3
NO, ' rg/mi 128000] | Temperature of Air in Vapor Space °F 858
COo,° pg/ml 18700/ [Stream Diameter Inches 1
PO,° ug/ml 3370/ [Tortuosity Factor unitless 1
S0,° pg/ml 5170| [initial Concentration of NHz In the Vapor Phase [mole/m® 0
F' pg/ml 396| [Surface Area of Still Waste m? 3802
cl’ ug/mi 8690( |Fumigation Divisor at 100 meters unitless 1
Lt pg/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0} {Correction Factor for Schumpe Model unitiess 1
%H,0 % 5193
Specific Gravity unitless 147
Total Organic Carbon g/l 4433
Cs 137 nCVmi 366
Temperature °F 84
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Table U5 9 (Contd) Henrys Law Constant Calculation for Tank U 108 (2 pages)

Source Tank {U 109 INPUT DATA |Date 36538 41362 Revision CO{NH;

Dilution Ratio {01 ug/ml

lon MW ¢1 {moles/L} hi h el 1100

Na*' 2299] 99173628 01143] 1133553421 |From Weisenberger & Schumpe (1998) moles/L

AR 26 98 1 08 02174 0235287822 0 064589242

Fo* 55 85 0 00 01161 0000207878

cr 52 B O19E 02 00648 0003252461 [Gas h{T) h (G 0)

Ni*2 5871| 7 7BOE Q4 01654 0000128184

K 3909 8 B19E 02 0 0922 0 00785435 |Ammonia 4] -0 0481

OH' 17 0074 260 00832 0217798429 |Hydrogen 0299 -0 0218

NOy' 62 0049 298 00128] 0038120427 Methane 0524 00022

NO,' 46 0055 278 00795, 0221190869

€O, 2 60 0092 0 31 01423 0044343408

PO, 94 9676 004 02119 0007519448

50,2 96 0576| b 382F 02 01117 0006011909

F' 19| 2 084E 02 0082 0001917475

¢! 35453] 2 451E 01 00318 0007794595

TR 694 000 0 0754 0

Br' 79 916| 0 QOOE +00 0 0269 0
Average

20 16620255 1 925050675

Mass fraction water in lig 052 Temperature

Liquid density (kg/m3) 1470 000 deg F

T (C) 29 84
Temperature
deg C
28 88888889

PNL 10785
Schumpe Schumpe pure water K [mol/L{iq) atm [NH3
gmolesiL {hg )|h (G) Kwater/Ksalt  |(molfkgwir at [Henrys K Part P atm

Ammonia 0 064589242 00481 9016791013 50 67243163 4 289981298 | 0 015055833

Hydregen 2 296E 02 2 897E+01 7 686E 04 2025E 05| 0 000E+00

Methane 1 622E 04 8 479E+01 1 338E 03 1 205E 05| 0O 000E+Q0

e
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Charactenstics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NHs pg/fml 3079| |Percent Fill of Recewing Tank % 50
Na™! ug/ml 242999| |Volume of Vapor Space L 58700
Al* Ha/mi 32900( |Length of Waste Fall ft 6
Fe*® pa/mi 33| |Inside Diameter of Receiving Tank ft 12
crt pa/mi 1280/ |Flow Rate of Waste gpm 4
NIt ng/mi 31| [Total Pressure in Vapor Space atm 1
K* ug/ml 4010]| [Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO; ! ng/ml 481000( Total Bubbler Fiow Rate cfh 3
NO, ' pg/ml 130000| |Temperature of Air in Vapor Space °F 718
CO3* ng/ml 22000( {Stream Diameter inches 1
PO,” pug/mi 3126 |Tortuosity Factor unitless 1
80,° pg/mi 4230/ [Initral Concentration of NH, In the Vapor Phase |mole/m® 0
F ug/mi 720} {Surface Area of Still Waste m* 3902
cl’ pa/mi 8940| |Fumigation Dimvisor at 100 meters unitless 1
Lt pg/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| |Correction Factor for Schumpe Model unitiess 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon |g/ 8 95

Cs 137 uCi/ml 416

Temperature °F 70
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Table U5 10 (Contd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Checked by K\S’\%—IL\ Date l,? C/Oo

Source Tank |U 108 INPUT DATA |Date 36538 46848 Rewvision O[NH;
Diluten Rafio |0 1 ug/ml
lon MW ¢l {moles/L) hi hi*cl 3079
Na*' 2299| 10 669787 01143| 1 208126639|From Weisenberger & Schumpe (1996) moles/L.
Al 26 98 122 02174 0265102298 0 180791159
Fe* 55 85 000 01161 692235E 05
cr' 52| 2 462E 02 00648 0001595077 |Gas h (T) h{G 0)
Ni*2 5871| 5 323E 04 0 1654| 8 80387YE 05
K 3908 1 026E Q1 00922| 0009458225 (Ammonia 0 -0 0481
OH' 17 0074 2 8% 0 0839 0242464163 |Hydrogen 0 289 00218
NO4 i 62 0049 292 00128] 0037364871 |Methane 0524 0 0022
NO, ' 46 0055 2 83 00795] 0224646949
COy z 60 0092 0 37 01423 0052168715
PO,° 94 9676 003 02119 0006974576
$0,°% 96 0576| 4 404E 02 01117 0004918832
! 19{ 4 168E 02 0082| 0003825265
cl’ 35453 2 522E 01 00318] 0008018836
L 694 0 00 00754 0
Br' 79 916] 0 OOQE+00 0 0269 0
Average
21 28863822 2 064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 GO0 deg F
T(C) 21 70
Temperature
deg C
21 11111411
PNL 10785
Schumpe Schumpe pure water K [mol/L{hq) atm |[NH3
gmoles/L (g )|h (G) Kwater/Ksalt  |(molfkgwir at |Henry s K Part P atm
Ammonea 0 180791159 00481 10 9847483 | 73 15835385| 4 663860347 | 0 038764274
Hydrogen 2064E 02 4 221E+01 8 025E 04 1331E 05| 0 CO00E+00
Methane 4 238E 03 1 420E+02 1 537€ 03 7 534E 06| 0 00DE+D0
e
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Hehrys Law
Equil NH3 Conc in Vapor Space YolNHzimaxy 388 % Constant
Variable Variable Variable
Delta C Delta C DeltaC
Time hoursi T sec | NH; mole/m®|  %NH, % LFL NHy
0 0100 36 2 563E 02 006 040
00183 66 4 667E 02 011 073
0 0333 120 8 385E 02 020 131
00617 222 1517E 01 037 237
01033 372 2 459E 01 060 385
01750 630 3 938E 01 095 616
0332 1194 6 634E 01 161 10 37
0 620 2232 1 012E+00 245 1582
1035 3726 1 299E+00 315 20 31
227 8154 1 558E+00 378 24 36
335 12060 1 592E+00 386 24 89
538 19362 1 598E+00 387 2500
827 29784 1 599E+00 388 2500
968 34860 1 599E+00 388 2500
109 39300 1 599E+00 388 2500
132 47640 1 599E+00 388 2500
16 6 59580 1 599E+00 388 2500
417 150000 1 599E+00 388 25 00
Time to fill from 0% to
B84 6{ 232605 1 599E+00 388 25 00}50% at 4gpm
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Recewving Tank)
Parameter Units Valye Parameter Units Value
NH; pg/mi 6158| |Percent Fill of Receiving Tank % 50
Na*' ug/mi 242999| | Volume of Vapor Space L 58700
Al pg/mi 32900| [Length of Waste Fail ft 6
Fe ? pg/ml 33| |Inside Diameter of Receving Tank ft 12
cr* pg/ml 1280| |Fiow Rate of Waste gpm 4
NI*? png/ml 31| |Total Pressure in Vapor Space atm i
K ug/ml 4010| [Ventilation Flow Rate for Recewing Tank cfm 005
OH' png/ml 49150| |Total Ventilation Flow Rate for Stack ofm 005
NO, ng/mi 181000 {Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 130000/ {Temperature of Air in Vapor Space °F 718
CO;z° ng/mi 22000| |Stream Diameter inches 1
PO,° ng/mi 3126| |Tortuosity Factor unitiess 1
S0, pg/mi 4230/ [Inhial Concentration of NH; in the Vapor Phase [mole/m® 0
F! ug/mi 790} |Surface Area of St Waste m? 3902
cl’ pg/ml 8940| |Fumigation Divisor at 100 meters unitless 1
L ng/mi 0| |[Non Furmigation Divisor at 100 meters unitless 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless i
%H0O % 5002
Specific Gravity unitiess 14
Total Organic Carbon |g/l 895
Cs 137 pCiiml 416
Temperature °F 70
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Table U5-10 (Cont'd}) U-108 Ammonia Calculations for Shum

y% DateAr_)_Z_éZ 00

pe Worst Case (99 pages)

Source Tank {U 108 INPUT DATA (Date 36538 48304 Rewvision O|NH3

Dilution Ratio |01 ug/mi

lon MW ci {moles/L) hi hi ci 6158

Na*! 2289| 10 669787 01143] 1 208126639|From Weisenberger & Schumpe (1986) molesiL,

Al 26 98 122 02174 0265102298 0 361582312

Fe® 55 85 0 00 01161| 692235 05

cr 52| 2 462E 02 00648 0 001595077|Gas h(T) h{(G0)

Ni*Z 5871| 6 323E 04 01654 880387E 05

K 3000 1 026E 01 00822 0009458225 Ammonia 0 00481

OH' 17 0074 2 89 00839 0242464163 |Hydrogen 0299 00218

NO, T 62 0049 292 00128 0037364871 |Msthane 0524 00022

NO, ! 48 0055 283 00795 0224646949

CO,° 60 0092 0 37 01423 0052188715

PO, 94 9676 003 02119 0008974576

S0, : 96 0576] 4 404E 02 01117 0004918832

F 19| 4 158E 02 0092 0003825265

cl’ 35453] 2 B22E O1 00318 0008018838

Li*! 6 94 000 0 0754 0

Br’ 79 916 O OOCE + 00 0 0269 0
Average

21 28963822 2 064821709

Mass fraction water in ig 050 Temperature

Liguid density (kg/m3) 1400 000 deg F

T(C) 21 70
Temperature
deg C
21 11111111

PNL 10785
Schumpe Schumpe pure water K |mol/L{lq) atm [NH3
gmolesiL (hg Hh (G) Kwater/Ksalt  j(mollkgwtr at |Henry s K Part P atm

Ammonia 0 361582319 -0 0481 10 9847483} 73 15835385 4 663860347 | 0 077528548

Hydrogen 2 0B4E 02 4 221E+01 8025E 04| 1331E 05| 0 000E+QD

Methane 4 238E 03 1 429E+02 1537E 03| 7 534E 06] 0 0Q00E+C0
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Table U5-10 {Cont'd) U-108 Ammomia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equil NH3 Conc In Vapor Space | %NHymay 775 % Constant
Vanable Variable Vanable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®]  %NH, % LFL NH,
00100 36 5 126E 02 012 0 80
0 0183 66 9 335E 02 023 146
0 0333 120 1677E 01 o4 262
0 0617 222 3 033E 01 074 474
01033 372 4 918E 01 119 769
0 1750 830 7 877E 01 191 12 32
0332 1194 1 327E+00 322 2075
0620 2232 2 023E+00 491 3165
1035 3726 2 597E+00 630 40 62
227 8154 3 115E+00 7 55 48 72
335 12060 3 183E+00 772 49 78
538 19362 3 197E+00 775 50 00
827 29784 3 197E+00 775 50 00
988 34860 3197E+00 775 50 00
109 39300 3 197E+00 775 50 00
132 47640 3 197E+00 775 50 00
16 6 59580 3 197E+00 775 50 00
417| 150000 3 187E+00 775 50 00
Time to fill from 0% to
64 6] 232605 3 197E+00 775 50 00(50% at 4gpm

U-5-23




Authora&QMWA

DCRT
Case

244U

5 (Story 1)

RPP-4941 Rev 0 Appendix G

Date /I/-Zé/Ob Checked by O‘m D\OLM Date_! / 26 /Oo

Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Diiution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Vaiue
NHa pg/mi 12315/ |Percent Fill of Receiving Tank % 50
Na*t pgimil 242998| |Volume of Vapor Space L 58700
Al pg/mi 32900( [Length of Waste Fall ft 5]
Fe® pe/mi 33| |Inside Diameter of Receving Tank ft 12
Cr® ug/ml 1280| |Flow Rate of Waste gpm 4
Ni*2 pg/mi 31| |Total Pressure In Vapor Space atm 1
K pga/mi 4010 [Ventilation Flow Rate for Receving Tank cfm 005
OH' png/mi 49150 |Total Ventilation Flow Rate for Stack cfm 005
NO,; ' pgfml 181000 i Total Bubbler Flow Rate cth 3
NO,* pg/ml 130000} [Temperature of Air in Vapor Space °F 718
COs° ug/ml 22000| |Stream Diameter inches 1
PO,° pg/ml 3128| |Tortuosity Factor unitless 1
SO, ° pg/ml 4230| [Initral Concentration of NH; In the Vapor Phase [mole/m” 0
F! pg/ml 790| |Surface Area of Still Waste m? 3902
cl! pg/mi 8940/ |[Fumigation Divisor at 100 meters unitless 1
Lt ng/mi 0} [Non Fumigation Divisor at 100 meters untless 1
Br' pg/mi 0| |Cerrection Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon g/l 8 95

Cs 137 puCi/mil 416

Temperature °F 70
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA |Date 36538 49528 Revision O|NH,
Dilution Ratio |0 1 ug/ml
lon MW ¢l {moles/L) hi hi*c 12315
Na*! 2298| 10669787 01143 1 208126839|From Wersenberger & Schumpe {1996) moles/L
AP 26 98 122 02174| 0265102208 0 72310592
Fo™ 55 85 0 00 01161| 6 92235E 05
cr' 52 2 462E 02 00648 0 001595077|Gas h {T) h (G 0)
Ni* 5871| B 323E04 0 1654] 880387E 05
K 3909 1 026E 01 00922| 0009458225|Ammaonia Q -0 0481
OH' 17 0074 289 00839| 0 242464163}Hydrogen 0299 -00218
NO; 1 62 0048 292 00128| 0037384871 |Msethane -0524 00022
NO, ' 46 0055 2 83 00795 0224646949
COs° 60 0092 0 37 01423 0052168715
PO, * 94 9876 003 02119; 0008974576
80, 2 96 0576| 4 404E 02 01117 0004918832
F! 19{ 4 1B68E 02 0092 0003825265
cr 35453} 2 622E 01 00318| 0008018836
L' 6 94 0 00 00754 0
Br' 79 916| 0 0OOE +00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in liq 0 50 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 21 70
Temperature
deg C
21 11114111
PNL 10785
Schumpe Schumpe pure water K [mol/L{liq) atm [NH3
gmolesiL {lig ) h (G} Kwater/Ksalt  |(molfkgwtr at {Henrys K Part P atm
Ammonia 0 72310592 0 0481 10 9847483| 73 15835385| 4 663860347 | 0 155044505
Hydrogen 2 064E 02 4 221E+01 8 025E 04 1 331E 05| 0O QO0E+00
Methane 4 238E 03 1 420E+02 1537E 03 7 534E 08| 0 000E+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
an Henhrys Law

Equil NH3 Conc In Vapor Space | %NHsimax 15 50 % Constant
Variable Variable Variabie
Delta C DeltaC Delta C
Time hours| T sec  |NH, mole/m®|  %NH; % LFL NHs
0 0100 36 1 025E 01 025 160
0 0183 66 1 B67E-01 045 292
0 0333 120 3 354E 01 081 524
0 0617 222 8 066E 01 147 949
01033 372 9 835E 01 238 1538
01750 630 1 575E+00 382 24 64
0332 1194 2 653E+00 6 43 41 49
0620 2232 4 047E+00 981 63 29
1035 3726 5 184E+00 12 59 8123
227 8154 6 230E+00 15 10 97 43
335 12060 & 366E+00 1543 99 55
538 19362 6 393E+00 15 50 99 98
827 29784 6 394E+00 15 50 100 00
968 34860 8 384E+00 15 50 100 00
109 39300 8 394E+00 15 50 100 00
132 47640 6 394E+00 15 50 100 00
16 6 59580 6 394E+00 15 50 100 00
417] 150000 6 394E+00 15 50 100 00
Time to fill from 0% to
64 6| 232605 8 394E+00 15 50 100 00|50% at 4gpm

—
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Characternistics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 2364 | |Percent Fill of Receiving Tank % 50
Na"’ pa/mi 242999{ {Volume of Vapor Space L 58700
Al pa/mi 328001 iLength of Waste Fall ft 8
Fe' Hg/mi 33} {Inside Diameter of Receiving Tank ft 12
cr' ug/ml 1280| |Flow Rate of Waste gpm 4
Ni*2 ug/mi 31| |Total Pressure in Vapor Space atm 1
K pg/ml 4010]| [Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/ml 49150] |Total Ventilation Flow Rate for Stack cfm 005
NO4 ! pg/mi 181000] {Total Bubbler Flow Rate cfh 3
NO, ' ng/mi 130000| |Temperature of Air in Vapor Space F 818
CO;32 pgimi 22000| |Stream Diameter inches 1
PO,* pgimi 3128| |Tortuosity Factor unitless 1
S0, ° pg/ml 4230/ |Inihal Concentration of NH; In the Vapor Phase jmole/m” 0
F pg/mi 790| [Surface Area of Still Waste m? 39 02
cl’ pa/mi 8940| |Fumigation Divisor at 100 meters unitless 1
L ug/mi 0| [Non Fumigation Divisor at 100 meters unitiess 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon tg/l 895

Cs 137 uCi/mi 416

Temperature °F 80
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Table U5-10 (Contd) U-108 Ammonia Calculations for Shum

pe Worst Case (99 pages)

Source Tank |U 108 INPUT DATA (Date 36538 49749 Rewvision O1NH;

Dilution Ratio {01 ug/ml

fon MW ¢l (moles/L} h hi*el 2364

Na*! 2299| 10 669787 01143| 1 208126639[From Weisenberger & Schumpe (1896) moles/L

AP 26 98 122 02174 0265102298 0 138808152

Fe™ 5585 0 0C 0 1161{ 692235E 05

cr'® 52| 2 462E 02 00648{ 0001595077 |Gas h (T} h(GO0),

Ni*2 5871 6 323E 04 01654] 8 BO387E 05

K 3909 1 026E 01 00922} 0 005458225|Ammonia 0 00481

OH' 17 0074 2 89 00839] 0242464163 |Hydrogen 0299 -0 0218

NOy i 62 0042 292 00128} 0037364871 |Methane 0524 00022

NO, T 48 0055 283 00795] 0224646949

CO,° 60 0092 037 01423} 0052168745

PO,” 94 9676 003 02119| 0006974576

§0,° 96 0576| 4 404E 02 01117| 0004918832

F' 19] 4 168E 02 0092| 0003825265

¢l 35453] 2 B22E 01 00318 0008018836

Lt 694 0 00 00754 0

Br’ 79 9168] 0 00OE +00 00269 0
Average

21 28963822 2064821709

Mass fraction water in ligg 0 50 Temperature

Liguid density {(kg/m3) 1400 000 deg F

T(C) 27 80
Temperature
deg C
26 66666667

PNL 10785
Schumpe Schumpe pure water K |mol/L{hg) atm |NH3
gmolesiL {iig )lh (3) Kwater/Ksalt  |(mol/kgwtr at [Henrys K Part P atm

Ammonia 0 138808152 00481 10 9847483| 56 176244531 3 581247329 [ 0 038759722

Hydrogen 2 230E-02 3 B91E+01 7 771E-04 1 398E 05| 0 OQ00E+Q0

Methane 1 327E 03 1 239E+H02 1389E 03! 7 848E 08| 0 O00E+D0
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equil NH3 Conc In Vapor Space | %NHjmax 388 % Constant
Variable Variable Vanable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®]  %NH, % LFL NH,
0 0100 36 2 090E 02 005 033
00183 66 3 810E 02 009 0 61
0 0333 120 6 858E 02 017 109
0 0617 222 1 245E 01 031 198
0 1033 372 2 030E 01 050 323
01750 630 3 282E 01 0 81 523
0332 1194 5 633E 01 139 8 97
0620 2232 8 857E 01 219 14 11
1035 3726 1 177E+00 291 1876
227 8154 1 494E+00 369 23 80
335 12060 1 551E+00 383 2472
538 19362 1 568E+00 387 24 98
827 29784 1 569E+00 387 2500
968; 34860 1 569E+00 387 2500
109 39300 1 569E+00 387 2500
132 47640 1 580E+00 387 2500
16 6 59580 1 569E+00 387 2500
417 150000 1 569E+00 387 2500
Time te fill from 0% to
84 6| 232605 1 588E+00 387 25 00{50% at 4gpm
R
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

2441
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Charactenistics {(Receiving Tank)

Parameter Units Vaiue Parameter Units Value
NHa pg/ml 4728( |Percent Fill of Receving Tank % 50
Na*! pg/ml 242999 | |Volume of Vapor Space L 58700
Al*® ug/ml 32000| [Length of Waste Fali ft 6
Fe* ug/ml 33| |Inside Diameter of Recewving Tank ft 12
cr' ug/mi 1280/ |Flow Rate of Waste gpm 4
Ni*? pgimi 31| |Total Pressure in Vapor Space atm 1
KH ug/mi 4010| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/ml 49150| [Total Ventilation Flow Rate for Stack cfm 005
NO, ' pg/ml 181000/ [Total Bubbler Flow Rate ofh 3
NO, ' ng/ml 130000| |Temperature of Air in Vapor Space °F 818
COs° png/mi 22000| |Stream Diameter inches 1
PO, pg/ml 3126| |Tortuosity Factor unitless 1
S0,4° pg/mi 4230| [intral Concentration of NHg in the Vapor Phase |mole/m” 0
Fi ug/mil 790| |Surface Area of Still Waste m? 3902
ci’ ug/ml 8940| [Fumigation Divisor at 100 meters unifless 1
L ug/mi 0} |[Non Fumigation Diviscr at 100 meters unitless 1
Br' pug/ml 0 |Correction Factor for Schumpe Model unitless 4
%H,0 % 5002

Specific Gravity unitiess 14

Total Organic Carbon g/l B 96

Cs 137 uCifrni 416

Temperature °F 80
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Table U5-10 (Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA [Date 36538 49965 Rewvision O|NH4
Diluton Ratio |0 1 ug/ml
lon MW ¢t {moles/L) hi hicl 4728
Na ' 2299 10 669787 01143 1 208126639{From Weisenbarger & Schumpe (1896) moles/L
AT 26 98 122 02174 0265102298 0277616305
Fe* 55 85 0 00 01161 6 92235E-05
Er_*_a 52| 2 482E Q2 00648 0001595077 |Gas h( h (G 0}
Ni*2 5871 b 323E 04 01654 8 80387E-05
K" 3908| 1 026E 01 00822| 0009458225|Ammonia 0 -0 0481
oR' 17 0074 2 89 00839 0242464163 |Hydrogen -0 209 -0 0218
NOy 1 62 0049 292 00128 0037384871 Methane 0524 00022
NO, ! 46 0055 283 GO795| 0224546949
co,° 80 0092 0 37 01423 0052168715
PO,° 94 9676 003 02118| 0006974576
$0,° 96 0576] 4 404E 02 01117 0004918832
F! 19| 4 158E 02 0092 0003825265
cl’ 35 453] 2 B22E 01 00318| 0008018836
TR 694 0 00 00754 0
Br' 79 916| 0 OOOE + 00 00269 0
Average
21 28963822 2 064821709
Mass frachon water 1n hg 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 27 80
Temperature
deg C
26 66666667
PNL 10785
Schumpe Schumpe pure water K_[mol/L{liq} atm [NH3
moles/L (lig }h (G) Kwater/Ksalt  [{molikgwtr at |Henry s K Part P atm
Ammonia 0 277616305 00481 10 9847483 | 56 17624453 | 3 581247329 | 0077519445
Hydrogen 2 230E 02 3 891E+01 7771E 04| 1 398E 05| 0 000E+00
Methane 1 327E 03 1 239E+02 1 389E 03| 7 849E-06{ 0 Q00E+QD
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Table U5 10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

U-5-32

Max NH3 Conc Based
on Henrys Law
Equil NH3 Conc In Vapor Space Yo NHamaxy 775 % Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH;
0 0100 36 4 180E 02 010 067
00183 66 7 620E 02 019 121
00333 120 1372E 1 034 219
0 0817 222 2 480E 01 062 397
01033 372 4 060E 01 100 6 47
01750 G630 6 563E 01 162 10 46
0332 1194 1 127E+00 278 17 95
0620 2232 1 771E+00 4 37 28 23
1035 3726 2 355E+00 582 37 52
227 8154 2 987E+00 7 38 47 60
335 12060 3 103E+00 7 66 49 43
5 38 19362 3 135E+00 774 49 96
827 29784 3 138E+00 775 49 99
968 34860 3 138E+00 775 49 99
109 39300 3 138E+00 775 49 99
132 47640 3 138E+00 775 49 99
166 59580 3 138E+00 775 49 99
417F 150000 3 138E+00 775 49 99
Time to fill from 0% to
64 6f 232605 3 138E+00 775 49 99(50% at 4gpm
e
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

tnput Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Charactenistics {Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH3 ng/ml 9457 | |Percent Fill of Receiving Tank % 50
Na*' pg/mi 242999 | |Volume of Vapor Space L 58700
Al pg/mi 32900/ |Length of Waste Fall ft 6
Fe pug/ml 33| |Inside Diameter of Recewving Tank ft 12
cr ug/mi 1280/ |Flow Rate of Waste gpm 4
Nit? ug/mi 31| |Total Pressure 1n Vapor Space atm 1
K ug/mi 4010| |Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 49150] | Total Ventilation Flow Rate for Stack cim 005
NO; ' pg/ml 181000/ |Total Bubbler Flow Rate cfh 3
NO, " ug/ml 130000/ |Temperature of Air in Vapor Space °F 818
COs° pg/mi 22000| |Stream Diameter inches 1
PO,° pg/mi 3126| |Tortuosity Factor unitiess 1
S0, * pg/mi 4230/ |initial Concentration of NH; In the Vapor Phase |mole/m” 0
F pg/mi 790| [Surface Area of Still Waste m? 30 02
cl’ pg/m! 8940 |Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| |Non Furmiugation Divisor at 100 meters unitiess 4
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 4
%H0 % 50 02

Specific Gravity unitiess 14

Total Orgaric Carbon |g/I 895

Cs 137 uCimi 416

Temperature °F 80

R —
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA |Date 36538 50200 Revision Q|NH;,
Dilution Ratio |0 1 ug/rm
lon MW ¢t {moles/L) hi ht el 9457
Na"' 22 99; 10 6569787 0 1143| 1 208126639|From Weisenberger & Schumpe (1296) melesi.
AP 26 98 122 02174 0265102298 0 555201327
Fe® 55 85 0 00 01161] 692235E 05
cr® 52| 2 462E 02 0 0648] 0001595077 |Gas h{T) h (G 0}
Ni*2 5871| 6 323E 04 01654] 8 80387E 05
K 3909 1 026E 01 00922 0009458225 [Ammonia 0 00481
OH' 17 0074 2 89 00839 0 242464163 |Hydrogen 0 299 00218
NO, 62 0049 292 00128] 0037364871 |Methane 0524 00022
NO, ' 46 0055 283 00795| 0224646948
C0O,° 60 0092 0 37 01423| 0052168715
PO,° 94 9676 003 02118] 0006974576
80,2 96 0576| 4 404E 02 01117 0004918832
F' 19| 4 168E 02 0092| 0003825265
cl’ 35453| 2 B22E 01 0 0318] 0008018836
L 694 0 co 0 0754 0
Br' 79 916| 0 O0QE +-00 0 0269 0
Average
21 28563822 2 064821709
Mass fraction water in lig 050 Temperature
Ligquid density (kg/m3) 1400 Q00 deg F
T(C) 27 80
Temperature
deg C
26 66666667
PNL 10785
Schumpe Schumpe pure water K |mol/L{kq) atm [NH3
gmoles/L (hq )ih (G) Kwater/Ksalt  |(mol/kgwlr at [Henrys K Part P atm
Ammonia 0 555201327 0 0481 10 9847483| 56 17624453 | 3 581247329 | 0 155055285
Hydregen 2 230E 02 3 891E+01 7771E 04 1 398E 05| 0O O00DE+00
Methane 1 327E 03 1239E+02| 13B9E 03| 7 849E 06| 0 O0DE+00
I —
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equil NH3 Coenc In Vapor Space Y% NHamax) 15 51 % Constant
Variabte Variable Vanable
Delta C DeltaC Delta C
Time hours| T sec NH; mole/m®|  %NH; % LFL NH,
0 0100 36 8 360E 02 021 133
00183 66 1 524E 01 038 243
00333 120 2 744E 1 068 4 37
0 0617 222 4 981E 01 123 794
01033 372 8 121E 01 201 12 94
01750 630 1 313E+00 324 2092
0332 1194 2 253E+00 556 3590
0620 2232 3 543E+00 875 56 46
1035 3726 4 710E+00 1163 7504
227 8154 5 975E+00 14 76 95 20
335 12060 6 208E+00 15 33 98 88
538 19362 6 271E+00 15 49 99 93
827 29784 6 276E+00 15 50 100 00
968 34860 8 276E+00 15 50 100 00
109 39300 6 276E+00 15 50 100 00
132 47640 6 276E+00 15 50 100 00
166 59580 6 276E+00 15 50 100 00
417 150000 6 276E+00 15 50 100 00
Time to fill from 0% to
646 232605 6 276E+00 15 50 100 00[50% at 4gpm
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Table U5-10 U-108 Ammonia Caiculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Diiution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 U

T

Liguid Waste Charactenstics (Source Tank) Tank Characteristics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pgimi 1832| [Percent Fill of Receiving Tank % 50
Na*! pg/mi 24299%8| [Volume of Vapor Space L 58700
Al pg/ml 32900| |Length of Waste Fall ft 6
Fe ® pg/ml 33| [Inside Diameter of Recelving Tank ft 12
cr? ue/mi 1280| |Flow Rate of Waste gpm 4
Ni*2 pg/ml 31| |Total Pressure In Vapor Space atm 1
K"t pg/ml 4010]| [Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO; ! ng/ml 181000| | Total Bubbler Flow Rate cth 3
NO, ' pg/mi 130000{ {Temperature of Air in Vapor Space °F 918
COs 2 ug/mi 22000/ |Stream Diameter inches 1
PO,° pg/mi 3126| | Tortuosity Factor unitless 1
SO, * po/mi 4230/ [Initial Concentration of NH In the Vapor Phase [mole/m” 0
F! ug/mi 790| |Surface Area of Still Waste m? 3902
cl! pg/mi 8940| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 01 {Correction Factor for Schumpe Model! unitiess 1
%H0 % 5002

Specific Gravity unitless 14

Total Organic Carbon (g/l 893

Cs 137 uCr/mi 416

Temperature °F 80
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Table U5-10 {Contd} U-108 Ammonia Calculations for Shum

Date f l% [;_so

e Worst Case {99 pages)

Source Tank (U 108 INPUT DATA (Date 36538 50367 Revision O[NH;
Dilution Ratic |0 1 ug/mi
lon MW ¢ {moles/L) hi hi ¢ 1832
Na*! 2298| 10 669787 01143] 1 2081266338 |From Weisenberger & Schumpe (1996) moles/L
AP 26 98 122 02174] 0265102298 0 107570446
Fe* 55 85 0 00 0D1181] 692235E 05
cr® 52| 2 462E 02 00648] 0001595077 |Gas h(T) h (G 0)
N 6871 B 323E04 0 1654| 8 B0O387E 05
K 3909 1 026E 01 00922| 0009458225|Ammonia 0 -0 0481
OH ' 17 0074 289 00838) 0 242464163 |Hydrogen 0 299 00218
NQ, 1 62 0049 292 00128 0037364871 (Methane 0524 00022
N02' 46 0055 283 00795 0224646949
CO,° 60 0082 0 37 G 1423 0052168715
PO,® 94 9676 003 02119 0006574576
S0, ° 96 0576| 4 404E 02 01117 0004918832
F! 19| 4 15BE 02 0092| 0003825265
cl’ 35453 2 bB22E 01 00318/ 0008018836
u* 694 0 00 00754 0
Br' 79 916 O OOOE +00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in liq 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T (C) 32 20
Temperature
deg C
32 22222222
PNL 10785
Schumpe Schumpe pure water K {mol/L{lig) atm [NK3
gmolesiL (hg ) h (G) Kwater/Ksalt  |(mol/kgwir at {Henry s K Part P atm
Ammonia 0 107570446 00481 10 9847483| 43 525086671 2 774733371 | 0 03876785
Hydrogen 2 396E-02 3 587E+01 7 576E 04 1479E 05| 0 O00E+00Q
Methane 1 584E 03 1074E+02] 1 271E 03] 8286E (06| 0000E+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

U-5-38

Max NH3 Conc Based
on Henrys Law
Equil NH3 Conc In Vapor Space Yo NHamax 388 % Constant
Vanable Variable Variable
Delta C Deilta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH;
0 0100 36 1 704E 02 004 028
00183 66 3110E 02 008 0 50
0 0333 120 5 607E 02 014 091
00617 222 1021E 01 026 166
0 1033 372 1 673E 01 042 271
01750 630 2 725E 01 069 442
0332 1194 4 753E 01 120 771
0620 2232 7 676E 01 193 12 46
1035 3726 1 053E+00 265 17 09
227 8154 1 417E+00 356 22 99
335 12080 1 503E+00 378 24 40
538 19362 1 B37E+00 387 24 94
827 29784 1 540E+00 3 87 2500
968 34860 1 541E+00 388 2500
109 39300 1 541E+00 388 2500
132 47640 1 541E+00 3 88 2500
16 6 59580 1 541E+00 388 2500
417{ 150000 1 541E+00 388 25 00
Time to fill from 0% to
64 6] 2326805 1 541E+00 388 25 00{50% at 4gpm
e
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadshest

244-U
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liguid Waste Charactenistics {Source Tank) Tank Characteristics (Recetving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 3664/ |Percent Fill of Receiving Tank % 50
Na*' pg/ml 242999| |Volume of Vapor Space L 58700
A" pg/mi 32900/ |Length of Waste Fall t 8
Fe'® ug/mi 33| [Inside Diameter of Receving Tank ft 12
cr*® pg/mi 1280/ |Flow Rate of Waste gpm 4
NiI*? pa/mi 31| [Total Pressure 1n Vapor Space atm 1
KH pgfmi 4010] [Ventilation Flow Rate for Recewving Tank ¢fm 005
OH' pg/ml 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/mi 181000| | Total Bubbler Flow Rate cfh 3
NO, ! pg/mi 130000| |Temperature of Air in Vapor Space °F 918
COs° pg/ml 22000| |Stream Diameter inches 1
PO,* pg/ml 3126| |Tortuosity Factor unitiess 1
80, pg/ml 4230| [Initial Concentration of NH; in the Vapor Phase [mole/m” 0
F pg/mil 7901 iSurface Area of Stiii Waste m? 3902
cl' pg/mi 89401 iFumigation Divisor at 100 meters unitless 1
L pg/mi 0! INon Fumigation Divisor at 100 meters unitless 1
gr' pg/mi 0} [Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitiess 14

Total Organic Carbon |g/l 885

Cs 137 pnCi/iml 416

Temperature °F g0
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U-3-40

Source Tank |U 108 INPUT DATA (Date 36538 51012 Revision Q|NH,
Dilution Ratio [0 1 ug/ml
lon MW c1 {(moles/L) h hi*cs 3664
Na™' 2299| 10 569787 01143| 1 208126839|From Weisenberger & Schumpe (1998) moles/L
Al 26 98 122 02174 0265102208 0 215140893
Fe™ 5585 0 00 0 1161| 6 92235E 05
cr 52| 2462E02 00648| 0001595077 [Gas h (T} h (G0}
Ni* 5871| 5 323E 04 01654| 8 8O387E 05
K" 3909 1 026E 0 00922 0009458225 [Ammonia 0 -0 0481
OH' 17 0074 2 89 00839] 0242464163 |Hydrogen 0 299 -0 0218
NO, ' 62 0049 292 00128] 0037364871 [Methane 0524 00022
NO, " 46 0055 2 83 00795] 0224646949
CO,° 60 0092 037 01423| 0052168715
PO,*? 94 9676 003 02119] 0008274576
S0, 2 96 0576| 4 404E 02 01117 0004918832
F! 18| 4 1B68E 02 0082] 0003825265
cl? 35453 2 6522E 01 00318] 0008018836
Li*! 694 0 00 00754 0
Br’ 79 916| 0 OOOE + 00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T(C) 32 o0
Temperature
deg C
32 22222222
PNL 10785
Schumpe Schumpe pure water K imol/L{liq) atm |[NH3
gmolesiL (g )| h (G) Kwater/Ksalt  |(molfkgwitr at tHenrys K Part P atm
Ammonia 0 215140893 0 0481 10 9847483 43 52508667 2 774733371 | 0 077535699
Hydrogen 2 396E 02 3 587E+01 7 576E-04 1 479E 05| 0 000E+00
Methane 1 584E 03 1074E+02| 1271E 03] 8 286E 06| 0 O00E+O0Q
e
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Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

U-5-41

Equil NH3 Conc In Vapor Space %NHzmax) 775 % Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH, % LFL, NH;
0 0100 36 3 408E-02 009 055
00183 66 8 219E 02 016 101
0 0333 120 1121E 01 028 182
0 0617 222 2 042E 01 051 33
0 1033 372 3 345E 01 084 543
01750 630 5 450k 01 137 8 84
0332 1194 9 S06E 01 239 1543
0620 2232 1 535E+00 3 86 24 91
1035 3726 2 107E+00 530 3419
227 8154 2 833E+00 713 4598
335 12060 3 007E+00 7 56 48 80
538 19362 3 073E+00 773 49 88
827 29784 3 081E+00 775 50 00
968 34860 3 081E+00 775 50 00
109 39300 3 081E+00 775 50 00
132 47640 3 081E+00 775 50 00
16 6 59580 3 081E+00 775 50 00
417 150000 3 081E+00 775 50 00
Time to fill from 0% to
84 6| 232605 3 081E+00 775 50 00{50% at 49pm
/
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH3 ng/mi 7328| |Percent Fill of Receving Tank % 50
Na*! ng/mi 242998 | |Volume of Vapor Space L 58700
Al ug/mi 32900 |Length of Waste Fall ft 6
Fe*® ug/mi 33| |Inside Diameter of Receiwving Tank ft 12
cr ug/mil 1280| |Flow Rate of Waste gpm 4
N2 pg/mi 31| |Total Pressure in Vapor Space atm 1
K* pug/mi 4010| |Ventilation Mow Rate for Receiving Tank cfm 005
OH'’ pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
N031 pg/mi 181000( |Total Bubbler Flow Rate cth 3
NO, ug/mi 130000| | Temperature of Air in Vapor Space °F 918
COs° ug/mi 22000| |Stream Diameter inches 1
PO,° ug/ml 3126| |Tortuosity Factor unttiess 1
80, pg/mi 4230| [Initral Concentration of NH; in the Vapor Phase |mole/m” 0
F! pe/mi 790| |Surface Area of Still Waste m? 39 02
clt ug/mil 8940| |Fumigation Divisor at 100 meters unifless 1
Lt pg/ml 0] [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| [Correction Factor for Schumpe Model unitless 1
Y0 Y 5002

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 pCiimi 416

Temperature °F 90
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Table U510 (Contd} U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA [Date 36538 5123 Revision O[NHg
Dilution Ratio |0 1 ug/ml
lon MW cl {moles/L) hi hi el 7328
Na*! 2299| 10 b69787 01143 1 208128633|From Weisenberger & Schumps (1996) moles/L.
AR 2698 122 02174) 0265102208 0 430281785
Fe* 55 85 0 00 01161| 692235€ 05
cr 52| 2462 02 00648 0001595077 |Gas h(T) h (G 0)
N 5871| B 323E 04 01654| 880387E 05
K' 3509| 1 026E Q1 00922] 0 009458225|Ammonia 0] 0 0481
OH ! 17 0074 2 89 00839; 0 242464163|Hydrogen -( 269 g 0218
NQO, ! 62 0049 292 00128| 0037364871 |Methane 0524 00022
NO, ' 46 0055 2 83 00795 0224646949
CO,° 60 0092 037 01423 0052168715
PO, *° 94 9676 003 02118 0006974576
504 2 96 0576| 4 404E 02 01117 0004918832
F* 19| 4 188E 02 0092) 0003825265
¢’ 35453| 2 B22E 01 00318 0008018836
L 6 94 000 00754 0
Br' 79 916| O OOOE + 00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T{(C) 32 90
Temperature
deg C
3222222222
PNL 10785
Schumpe Schumpe pure water K _|mol/L{lq) atm [NH3
moles/L (g )[h {G) Kwater/Ksalt  [{mol/kgwir at |Henry s K Part P atm
Ammonia 0 430281785 0 0481 10 9847483| 43 52508667} 2 774733371 | 0 155071399
Hydrogen 2 396E 02 3 587E+01 7 576E 04 1 479E 05| 0 COOE+Q0
Methane 1 884E 03 1074E+02| 1271E 03| 8£286E 08/ 0 QDDE+00
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Table U5-10 (Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equl NH3 Cenc 1in Vapor Space YeNHzaan 15 51 % Constant
Variable Variahle Variable
DeltaC Delta C Delta C
Time hours T sec NH, mole/m® %NH; % LFL NH;
Q0100 36 6 816E 02 017 111
00183 66 1 244E 01 031 202
0 0333 120 2 243E 01 0 56 364
0 0617 222 4 085E M 103 663
01033 372 6 691E M1 168 10 86
01750 630 1 090E+00 274 17 69
0 332 1194 1 901E+00 478 3085
0620 2232 3 070E+00 772 49 82
1 035 3726 4 213E+00 10 60 68 38
227 8154 5 666E+00 14 25 91 95
335 12060 6 014E+00 1513 97 59
538 19362 6 147E+00 15 46 99 75
827 29784 6 162E+00 15 50 99 99
9 68 34860 6 162E+00 15 50 100 00
1089 39300 6 162E+00 15 50 100 00
132 47640 6 162E+00 15 50 100 00
166 58580 6 162E+00 15 50 100 00
4171 150000 6 162E+00 15 50 100 00
Time to fill from 0% to
64 6] 232605 6 162E+00 15 50 100 00 |50% at 4gpm
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Table U5-10 U-108 Ammonia Caiculations for Shumpe Worst Case (99 pages)
Input Data for Henry s K ¢aleulation and the Dynamic Spreadsheet

244-U

Source Tank 1) 108
Ditution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-U

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH3 ug/mi 1431{ |Percent Fill of Receving Tank % 50
Na*! pg/mi 242999] [Volume of Vapor Space L 58700
AI® pg/mi 32900] |Length of Waste Fali ft 6
Fe*? pg/mil 331 linside Diameter of Recelving Tank ft 12
cr pg/ml 1280! [Fiow Rate of Waste gpm 4
Ni*2 pgfml 31| |Total Pressure in Vapor Space atm 1
K ug/mi 4010| |Ventilation Flow Rate for Recewving Tank cfm 005
OH' ug/mi 49150| [Total Ventilation Flow Rate for Stack cfm 005
NO3 ng/ml 181000| |Total Bubbler Flow Rate cfh 3
NO, * pg/mi 130000 | |Temperature of Ar tn Vapor Space F 1018
CO5° pg/ml 22000| |Stream Diameter inches 1
PO,° ng/ml 3126| | Tortuosity Factor unitless 1
S04* ug/ml 4230| |Inihial Concentration of NH; in the Vapor Phase [mole/m® 0
F ug/mi 790| [Surface Area of Still Waste m? 3902
cH! ng/ml 8940| |Fumigation Divisor at 100 meters unitless 1
L pg/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitiess 1
%H,0 % 5002
Specific Gravity unitless 14
Total Organic Carbon |g/| 8 95
Cs 137 puCi/ml 416
Temperature °F 100
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case {99 pages)
Source Tank |U 108 INPUT DATA {Date 36538 51382 Revision OINH;
Dilution Ratio |01 ug/mi
lon MW ¢l {moles/L) ht hrei 1431
Na*' 2298| 10 568787 01143} 1 208126639|From Weisenberger & Schumpe (1996) molesiL
Al 26 98 122 02174} 0265102298 0 084024732
Fe* 55 85 0 00 01161] 692235E 05
cr 52| 2 462E 02 0 0648{ 0001595077 |Gas h (T) h (G 0)
Ni 5871| 5 223E 04 016541 8 80387E 05
K 3909 1 026E 01 00922{ 0009458225|Ammonia 0 0 0481
OH' 17 0074 2 89 0 0839| 0 242464163|Hydrogen 0299 00218
NOy i 62 0049 292 00128] 0037364871 (Methane 0524 0 0022
NGO, t 46 0055 283 00795] 0224646949
0032 60 0092 Q 37 01423 0052168715
PO,° 94 9676 003 02119 0008974576
80, z 96 0576! 4 404E 02 01117 0004918832
F' 19] 4 1B8E 02 0092| 0003825265
cl! 35453{ 2 522E 01 00318| 0008018836
L 6 94 0 00 00754 0
Br' 79 916| O OOOE + 00 00269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 38 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm [NH3
gmolesiL (I )|h {(G) Kwator/Ksait  |[{mollkgwir at [Henrys K Part P atm
Ammonia 0 084024732 0 0481 10 9847483| 34 01071777| 2 168190366 | 0 038753392
Hydrogen 2 562E-02 3 307E+O1 7 434E 04 1574E 05 0 QQDE+QO
Methane 4 496E 03 9 314E+01 1 178E 03 8 854E 06| 0 000E+Q0
I
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Table U5-10 (Cont'd) U 108 Ammonta Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc in Vapor Space YoNH3max) 388 % Constant
Vanable Vanable Variable
Delta C Delta C Delta C
Time hours T sec NH, mole/m® %NH4 % LLFL. NH;
00100 36 1 391E 02 004 023
00183 65 2 540E 02 007 042
00333 120 4 586E 02 012 076
0 0617 222 8 374E 02 021 138
0 1033 372 1 377E 01 035 227
01750 630 2 257E 01 0 58 373
0332 1184 3 991E 01 102 6 59
0620 2232 6 594E 01 169 10 89
1035 3726 9 310E 01 238 15 38
227 8154 1 326E+00 340 21 90
335 12080 1 444E+00 370 23 86
538 19362 1 502E+00 385 24 82
827 29784 1 512E+00 387 24 98
968 34860 1 512E+00 387 24 99
109 39300 1 512E+00 387 24 99
132 47640 1 512E+00 387 24 99
16 6 59580 1512E+00 387 24 99
417 150000 1512E+00 387 24 99
Time to fill from 0% to
64 6] 232605 1 512E+00 387 24 99150% at 4gpm
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-Y
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 2863| |Percent Fill of Receving Tank % 50
Na * ug/mi 242999 | |Volume of Vapor Space L 58700
Al ug/mi 32000 |Length of Waste Fali fi 6
Fe*? ug/ml 33| |Inside Diameter of Receving Tank ft 12
crt pg/ml 1280/ |Flow Rate of Waste gpm 4
Ni*? ug/mi 31| |Total Pressure in Vapor Space atm 1
K! pg/mi 4010 |Ventilation Flow Rate for Receving Tank cfm 005
oH’ pg/mi 49150( |Total Ventitation Flow Rate for Stack ¢fm 005
NO; ' ug/mi 181000| |Total Bubbler Flow Rate cfh 3
NO, pg/mi 130000| |Temperature of Air in Vapor Space °F 1018
COs° Hg/mi 22000| |Stream Diameter inches 1
PO, pg/m 3126| |Tortuosity Factor unitiess 1
80,° pg/mi 4230/ [Intial Concentration of NH; In the Vapor Phase |mole/m” 0
F! ug/ml 790| |Surface Area of Still Waste m? 39 02
cl’ pg/mi 8940 [Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0! INon Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0] iCorrechion Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Crganic Carbon |g/i 8 95

Cs 137 uC¥mil 418

Temperature °F 100
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Table U5-10 {Cont d) U-108 Ammonia Calculations for Shum
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e Worst Case (99 pages)

Source Tank |U 108 INPUT DATA |Date 36538 51517 Rewvision O|NH5
Dilution Ratio |0 1 ug/ml
lon MW c1 {moles/L) hi hi ¢l 2863
Na*' 2299| 10 569787 0 1143] 1 208126639 [From Woetsenberger & Schumpe (1996) moles/L.
AP 26 98 122 02174 0265102298 0 168108181
Fe® 55 85 0 00 01161 6 92235E 05 *
cr 52| 2 462E 02 00648 0001595077 Gas h (T) h(G0)
N 5871| 6 323F 04 0 1654 8 BO38TE 05
K' 3909 1 026E 01 00922 0009458225|Ammonia 0 0 0481
OH' 17 0074 2 89 00839 0 242464163iHydrogen 0 289 00218
NO; 1 62 0049 292 00128| 0037364871(Methane 0524 00022
NO, ! 46 0055 283 00795 0224646949
C0,° 60 0082 0 37 01423| 0052168715
PO,° 94 9676 003 02119] 0008974576
S0, 2 96 0576| 4 404E 02 0 1117; 0004918832
F! 19| 4 168E 02 0092 0003825265
cl’ 35453 2 B22E 01 00318] 0008018836
Lt 894 000 00754 0
Br’ 79 916| 0 OOOE + 00 00269 0
Average
21 28963822 2 084821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m3} 1400 000 deg F
T(C) 38 100
Temperature
deg C
37 77777778
PNL 10785
Schumpe Schumpe pure water K_[mal/L{lIig) atm |NH3
gmoles/L (hq ){h (G) Kwater/Ksalt  [(mel/kgwtr at [Henry s K Part P atm
Ammonia 0 168108181 00481 10 9847483| 34 071777 | 2 168190366 | 0 077533866
Hydrogen 2 562E 02 3 307E+01 7 434E 04 1 574E 05 0 O00E+Q0
Methane 4 496E 03 9 314E+01 1 178E 03 8 854E 06 0 QODE+Q0
R
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Table U5-10 (Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc n Vapor Space % NHamaxy 775 % Constant
‘ Variable Variable Varable
Deita C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NH,4
00100 36 2782E 02 007 0 46
00183 66 5081E 02 013 084
00333 120 9 175E 02 023 152
0 0617 222 1 675E 01 043 277
0 1033 372 2 755E 01 071 4 55
01750 630 4 516E 1 116 7 46
0332 1194 7 985E 01 204 1319
0820 2232 1 319E+00 338 21 80
1 035 3726 1 863E+00 477 3078
227 8154 2 653E+00 679 43 83
335 12060 2 889E+00 7 40 4773
538 19362 3 005E+Q0 770 49 65
827 29784 3 025E+00 775 49 97
968 34860 3 026E+00 775 49 99
109 39300 3 026E+00 775 49 99
132 47640 3 026E+00 775 50 Q0
166 59580 3 026E+Q0 775 50 00
417| 150000 3 026E+00 775 50 00
Time to fill from 0% to
64 6| 232605 3 026E+00 775 50 00|50% at 4gpm
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-1)
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Vaiue
NH, pg/ml 5726/ |Percent Fili of Receiving Tank % 50
Na*' pg/mil 242998| |Volume of Vapor Space L 58700
A" pg/ml 32900] |Length of Waste Fall ft 6
Fe*® ug/mi 33| |Inside Diameter of Receiving Tank ft 12
cr* pg/ml 1280| |Flow Rate of Waste gpm 4
Ni 2 pg/mi 31| |Total Pressure In Vapor Space atm 1
K pg/mi 4010| |Ventilation Flow Rate for Receiving Tank cfm 005
OH ' pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO, T pg/mil 181000| [Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 130000/ [Temperature of Air in Vapor Space °F 1018
CO;° pg/mi 22000| {Stream Diameter inches 1
PO,* ug/mi 3126{ {Tortuosity Factor unitless 1
S0,? ng/mi 4230] linihial Concentration of NH; in the Vapor Phase |mole/m® 0
F' pg/mi 790} [Surface Area of Still Waste m” 3902
Cl’ pg/mi 8940 [Furigation Divisor at 100 meters unitless 1
Lt pg/m| 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mil 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |9/l 8 95

Cs 137 pCimi 416

Temperature °F 100
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Table U5-10 (Contd) U-108 Ammonta Calculations for Shum

5&324: Date 1'2& Do

e Worst Case {99 pages)

U-5-52

Source Tank |U 108 INPUT DATA (Date 36538 5164 Rewvision O[NH;
Dilution Ratio |0 1 ug/ml
len MW ct {moles/L} hi hi*ct 5726
Na*! 2299| 10 669787 01143] 1 208126639|From Waeisenherger & Schumpe (1996) moles/L
A" 26 98 122 02174 0265102298 0 336216362
Fe* 55 85 000 01161| 6 92235E 05
cr 52| 2 462E 02 00648| 0001595077 |CGas h{T) h (G 0)
INZ 5871] b 323E 04 01654] 8 80387E 05
K" 3008| 1 026E 01 00922| 0 009458225/Ammonia 0 00481
oH' 17 0074 2 89 00839 0242464163 |Hydrogen 0299 00218
NO, T 62 0049 292 00128 0037364871 |Methane 0524 00022
NG, 48 0055 2 83 00795 0224646949
C0,° 60 0092 037 01423| 0052188715
PO, 94 9676 003 02119 0008974576
80,* 96 0576 4 404E 02 01117] 0004918832
F' 19| 4 1B8E 02 0092} 0003825265
cl 35453| 2 B22E 01 00318] 00080188386
L 694 000 0 0754 0
Br' 79 916| O OOOE +00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in g 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 38 100
Temperature
deg C
3777777778
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm {NH3
gmoles/L (g }h (G) Kwater/Ksalt  [{molkgwtr at |Henry s K Part P _atm
Ammonia 0 336216362 0 0481 10 98474831 34 01071777| 2 168190366 | 0 155067732
Hydrogen 2 562E-02 3 307E+01 7 434E-04] 1574E 05| 0000E+00
Methane 4 496E 03 9 314E+01 1 178E-03 8 854E 06| 0 COOE+DD
P




RPP-4941 Rev 0 Appendix G

Date 1/26/60 Checked by \\%#‘
77 S ()

AUthO"g&CaZMaz;z;b

244 U
5 (Story 1)

DCRT
Case

Date \!26/?)‘0

Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Hehry s Law

U-5-53

Equil NH3 Cone in Vapor Space YoNHamax) 15 51 % Constant
Variable Vanable Variable
Delta C Delta C Deita C
Time hours| T sec NH; mole/m®|  %NH; % LFL NH;
00100 36 5 564E 02 014 092
00183 66 1 016E 01 026 1 68
00333 120 1 835E 01 0 47 303
00617 222 3 351E 01 0 86 554
01033 372 5 509E 01 141 910
01750 630 9 033E 01 231 14 92
0332 1194 1 597E+00 409 26 39
0 620 2232 2 638E+00 676 43 60
1035 3726 3 725E+00 954 61 55
227 8154 5 305E+00 13 59 87 65
335 12080 5 778E+Q0 14 80 95 46
538 19362 6 010E+Q0 15 39 99 30
827 29784 6 049E+00 15 49 99 94
968 34860 6 051E+Q0 15 50 99 98
109 39300 6 052E+00 15 50 99 99
132 47640 6 052E+00 15 50 99 99
16 6 59580 6 052E+00 15 50 99 99
417 150000 6 052E+00 15 50 99 99
Time to fill from 0% to
646 232605 6 052E+00 15 50 99 99|50% at 4gpm
e
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Ligud Waste Charactenshics (Source Tank) Tank Charactenstics (Receiving Tank)
Parameter Units Value Parameter Units Value
NH3 pgfml 1128! |Percent Fill of Receiving Tank % 50
Na*' pg/mi 242999| |Volume of Vapor Space L 58700
Al pg/ml 329001 iLength of Waste Fall ft 6
Fe*? pg/mil 331 tinside Diameter of Recewving Tank ft 12
cr'® pg/mt 1280/ IFlow Rate of Waste gpm 4
N2 ug/ml 31| |Total Pressure in Vapor Space atm 1
K pg/ml 4010| Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 49150| |Total Ventlation Flow Rate for Stack cfm 005
NO; ' pg/mil 181000} | Total Bubbler Flow Rate cfh 3
NO, ! ng/ml 130000 |Temperature of Airin Vapor Space °F 1118
CO;° pg/ml 22000/ |Stream Diameter inches 1
PO, Ho/mi 3126| | Tortuosity Factor unitiess 1
S0, ° ng/ml 4230/ |inihial Concentration of NH; 1n the Vapor Phase [mole/m” 0
F' ng/mi 790| [Surface Area of Still Waste m? 3902
cl’ ug/mi 8940| |Fumigation Diviser at 100 meters unitiess 1
L pg/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br’ pg/ml Q| |Correction Factor for Schumpe Model uhitiess 1
YoH,0 % 5002
Specific Gravity unitiess 14
Total Organic Carbon |g/l B 95
Cs 137 uCrmi 416
Temperature °F 110
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Table U5-10 (Cont d) U-108 Ammoma Calculations for Shumpe Worst Case (99 pages)

Source Tank (U 108 INPUT DATA (Date 36538 52464 Revision O|NH;

Dilution Ratic [0 1 ug/ml

lon MW ¢l {moles/L} hi hi*ci 1128

Na*! 2299| 10 669787 01143] 1 208126639 |From Weisenberger & Schumpe (1996) moles/L

Al 26 98 122 02174 0265102298 0 066233332

Fe® 55 85 0 00 01161| 6 92235E 05

crt 52! 2 462E 02 0 0648| 0001595077 |Cas h(T) h (G 0)

Ni*2 5871| 5 323E 04 0 1654| 8 BO387E 05

K 3909 1 026E 01 00822 0009458225 (Ammonia 0 -0 0481

OH! 17 0074 2 89 00839 0242464163 |Hydrogen 0 209 -0 0218

NO, ! 62 0049 292 00128]| 0037364871 Methane 0524 0 0022

NO, ! 46 0055 283 00795] 0224646949

CO;° 60 0092 037 0 1423] 0052168715

PO,* 94 9676 003 02119 0006974576

50,° 96 0576| 4 404E 02 01117 0004918832

F' 19] 4 188E 02 0092| 0003825265

c’ 35453] 2 B22E O1 00318 0008018838

L 6 94 0 00 00754 0

Br' 79916 0 OOCE+00 0 0269 0
Average

21 28963822 2064821709

Mass fraction water in liq 050 Temperature

Liguid density (kg/m3} 1400 Q00 deg F

T(C) 43 110
Temperature
deg C
43 33333333

PNL 10785
Schumpe Schumpe pure water K |mol/L{liq} atrm [NH3
gmoles/L (lig }|h (G) Kwater/Ksalt  {(mol/kawir at |Henrys K Part P atm

Ammonia 0 066233332 00481 10 9847483| 26 79087387| 1 707923808 | 0 038780027

Hydrogen 2 728E 02 3 048E+01 7 337E 04 1 686E 05| 0 000E+Q0

Methane 7 407E 03 8 O75E+01 1103E 03| 9567E 06| 0 OC00E+ID

U-5-55




RPP-4941 Rev 0 Appendix G

Author;.&éwoy/wp-. Date f/’zf/"" Checked by §,3)"‘E¢#L_\ Datet{Qgaa

DCRT
Case

244 U
5 (Story 1)

Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

U-5-56

Equil NH3 Conc in Vapor Space | %NHymay 388 % Constant
Variable Varnable Variable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL, NH;
0 0100 36 1139E 02 003 019
00183 66 2 082E 02 005 035
00333 120 3 764E 02 010 063
00617 222 6 888E 02 018 118
01033 372 1 136E 01 030 191
01750 630 1 873E 01 049 315
0332 1194 3 348E 01 087 563
0620 2232 5 B39E 01 147 948
1035 3726 8 162E 01 213 1372
227 8154 1 226E+00 320 2062
335 12060 1 374E+00 358 2310
538 19362 1 483E+00 381 2460
8 27 29784 1 484E+00 3 87 24 96
968 34860 1 486E+00 387 24 99
109 39300 1 487E+00 387 2500
132] 47640 1 487E+00 388 2500
166 59580 1 487E+00 388 2500
417F 150000 1 487E+00 388 2500
Time to fill from 0% to
64 6| 232605 1 487E+00 388 25 00|50% at 4gpm
I
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Table US-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Dilution Ratic 01 Correction Factor for Schumpe Mode! 1
Recewing Tank 244 U

Liquid Waste Characternstics (Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH, pg/ml 2255| |Percent Fill of Recewving Tank % 50
Na*! pg/ml 242999 |Volume of Vapor Space L 58700
Al pug/ml 32900{ |Length of Waste Fall ft 6
Fe*? ug/ml 33| |Inside Diameter of Recelving Tank ft 12
cr? pg/ml 1280] |Flow Rate of Waste gpm 4
Ni*2 ug/ml 31| [Total Pressure in Vapor Space atm 1
K*! pg/ml 40101 |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ug/mi 491501 | Total Ventilation Flow Rate for Stack efm 005
NO; ' pg/mi 181000| |Total Bubbler Flow Rate cth 3
NO, ! pg/mi 130000| | Temperature of Air in Vapor Space °F 118
CO,° pg/mi 22000/ |Stream Diameter inches 1
PO,* paiml 3126 | |Tortuosity Factor unitiess 1
$0,° ug/mil 4230| [Iritial Concentration of NH; In the Vapor Phase [mole/m® 0
Fl pa/mi 790| [|Surface Area of Still Waste m? 3902
cl' Ha/mi 8940] |[Fumigation Divisor at 100 meters unitless 1
L pgfmil 01 INen Fumigation Divisor at 100 meters unitless 1
Br ' pg/mi Q! :Correction Factor for Schumpe Model unitless 1
%H,0O % 50 02

Specific Gravity unitless 14

Total Organic Carbon g/l 8 86

Cs 137 pnCiiml 418

Temperature °F 110
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Table U5-10 (Cont'd) U 108 Ammonia Calculations for Shum

RO VYA

e Worst Case (99 pages)

Source Tank (U 108 INPUT DATA [Date 36538 55307 Revision O[NH;
Dilution Ratio [0 1 ug/ml
lon MW ¢l {moles/L} hi hi ol 2255
Na*' 2299} 10669787 01143| 1 208126639|From Weisenberger & Schumpe (1896) moles/L
Al 26 98 122 02174 0265102298 0 132407946
Fe' 55 85 0 00 01161| 6 92235E 05
cr* 52| 2 482E Q2 00648 0001595077 |Gas h (T) h{G0)
Ni* 5871| 6 323E 04 01654] 8BO3BVE 05
K 3909 1 0286E Q1 00922] 0009458225 Ammonia 0 -0 0481
OH' 17 0074 2 89 00839{ 0242464163|Hydrogen 0299 00218
NGO, T 62 0049 292 00128] 0037364871 |Methane 0524 0 0022
NO, 1 46 0055 2 83 00795] 0224646949
CO,° 60 0002 037 01423] 0052168715
PO4'3 94 9676 003 02119 0006974576
S0,° 96 0576| 4 404E 02 01117| 0004918832
F 19{ 4 168E 02 0092| 0003825265
cl' 35453] 2 522E 01 00318| 0008018836
Lt 6 94 0 00 0 0754 0
Br' 79 916 0 OOOE +00 0 0269 0
Average
21 28963822 2 084821709
Mass fraction water in lig 0580 Temperature
Liquid density (kg/m3) 1400 000 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 10785
Schumpe Schumpe pure water K [mol/L{lig} atm |NH3
gmoles/L (Ia )|h {G) Kwater/Ksalt  |(molfkgwtr at {Henrys K Part P atm
Ammonia 0 132407946 0 0481 10 9847483] 26 79087387 1 707923808 | 0 077525675
Hydrogen 2728E 02 3 048E+01 7 337E 04 1 686E-05] 0 O00OE+00
Methane 7 407E 03 8 O7SE+01 1 103E 03 9 567E-06 0 000E+00
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Table U5-10 (Cont'd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc in Vapor Space | %NHymax 775 % Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH, mole/m® %NH;, % LLFL NH,
00100 36 2278E 02 006 038
00183 66 4 162E 02 011 070
00333 120 7 524E 02 020 127
00817 222 1 377E 01 036 232
0 1033 372 2 271E 01 0 59 382
0 1750 630 3 743E 01 098 6 30
0 332 1194 6 693E 01 174 1126
0620 2232 1 127E+00 294 18 96
1035 3726 1 832E+00 425 27 44
227 8154 2 452E+00 639 41 23
335 12060 2 746E+00 716 46 19
538 19362 2 925E+00 762 49 19
827 29784 2 967E+Q0 773 49 90
968 34860 2 971E+00 774 49 96
109 39300 2 972E+00 775 49 97
132 47640 2 972E+00 775 49 98
166 59580 2 972E+00 775 49 99
417 150000 2 972E+00 775 49 99
Time to fill from 0% to
64 6| 232605 2 972E+00 775 49 99(50% at 4gpm
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Table U5-10 U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics {Receving Tank)

Parameter Units Value Parameter Units Value
NH; ug/mi 4511| |Percent Fill of Recenving Tank % 50
Na*! pg/ml 242989 | |Volume of Vapor Space L 58700
Al pe/mi 32900| [Length of Waste Fall ft 5]
Fe*? ug/ml 33| |Inside Diameter of Recelving Tank ft 12
cr' pg/ml 1280 |Flow Rate of Waste gpm 4
Ni*2 pg/mi 31| |Total Pressure in Vapor Space atm 1
K1 ugfml 40101 {Ventilation Flow Rate for Recewving Tank ofm 005
OH' pa/mi 49150} [Total Ventlation Flow Rate for Stack ¢fm 005
NO; 1 pug/mi 181000 |Total Bubbler Flow Rate cfh 3
NO, ug/mi 130000| |Temperature of Air in Vapor Space °F 1118
CO,4° pg/ml 22000| [Stream Diameter Inches 1
PO,* pg/ml 3126/ |Tortuosity Factor unitless 1
$0,* ug/mi 4230 |Intial Concentration of NH; in the Vapor Phase [mole/m® 0
F' pg/ml 790| |Surface Area of Still Waste m? 3902
CH ug/mi 8940| |Fumigation Divisor at 100 meters unitless 1
Lt ng/ml 0| [Non Fumigation Divisor at 100 meters unitiess 1
Br pg/ml 0} |Correction Factor for Schumpe Model unitless 1
%H0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 puCiml 416

Temperature °F 110
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Table U5-10 {Cont'd) U-108 Ammoma Calculations for Shumpe Worst Case (99 pa es)
Source Tank |U 108 INPUT DATA |Date 36538 56801 Revision OjNH;
Dilution Ratio 10 1 ug/ml
lon MW ¢i {moles/L) b hi*e 4511
Na*' 2299| 10 6569787 01143| 1 208126639]From Waeisenberger & Schumpe (1996) moles/L
AN 26 98 122 02174| 0265102288 0 2684874608
Fe® 55 85 0 00 01161| 692235E-05
crt 52| 2462E02 006848| 0 001595077|Gas h (T) h{G0)
NI 5871 B 323tE04 01654| 8 80387E 05
K 3900] 1028E01 00822| 0009458225[Ammonia 0 -0 0481
OH' 17 0074 289 00839] 0242464163 |Hydrogen 0299 -0 0218
NO, 82 0049 292 00128| 0037364871 |Methane 0524 00022
NO,' 46 0055 283 00795 0224646949
CO, 2 60 0092 0 37 01423| 0052168715
PO, 94 9676 003 02119 0006974576
50,2 96 0576] 4 404E 02 01117| 0004918832
F' 19| 4 168E 02 0092| 0003825265
ct’ 35453 2 522E 01 00318] 0008018836
L'’ 694 0 00 00754 0
Br' 79 916| 0 000E+00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in lig 050 Temperature
Liauid density (ka/m3) 1400 000 deg F
T(C) 43 110
Temperature
deg C
43 33333333
PNL 10785
Schurmpe Schumpe pure water K_|mol/L{hg) atm |NH3
gmolesiL (lIig )|h (G) Kwater/Ksalt  [{molikgwir at [Henry s K Part P atm
Ammonhia 0 264874609 00481 10 9847483| 26 79087387 | 1 707923808 0 155085729
Hydrogen 2 728E 02 3 D48E+01 7 337E 04 1 686E-05] 0 00QE-+0D
Methane 7 407E 03 8 075E+01 1 103E 03| 9567E-06] 0 000E+00
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Table U5-10 (Cont'd) U 108 Ammoma Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equil NH3 Conc n Vapor Space | %NHgmay 15 51 % Constant
Vanable Variable Variable
DeltaC Delta C Delta C
Time hours T sec NH; mole/m® %NH, % LFL NH;
00100 36 4 556E 02 012 077
00183 G5 8 326E 02 022 140
0 0333 120 1 505E 01 039 253
00617 222 2 755E 01 072 463
01033 372 4 543E 01 118 7 64
01750 630 7 489E 1 195 12 59
0332 1194 1 339E+00 349 22 52
0620 2232 2 255E+00 588 3793
1035 3726 3 264E+00 8 51 54 89
227 8154 4 905E+00 1278 82 48
335 12080 5 494E+0Q 14 32 92 39
538 19362 5 851E+00 1525 98 40
827 29784 5 936E+00 15 47 99 82
9 68 34860 5 943E+00 15 49 99 93
109 39300 5 945E+00 15 50 99 97
132 47640 5 946E+00 15 50 99 99
16 6 59580 5 946E+00 15 50 99 99
417 150000 5 946E+00 15 50 99 99
Time to fill from 0% to
64 6 232605 5 946E+00 15 50 99 99150% at 4me
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank J 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liquid Waste Charactenistics (Sotirce Tank) Tank Characteristics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 895| |Percent Fill of Receving Tank % 50
Na*' pg/mi 242999/ |Volume of Vapor Space L 58700
Al pg/ml 328001 |Length of Waste Fall ft 6
Fe® pg/ml 33| [Inside Diameter of Receiving Tank ft 12
crt pg/mi 1280| |Flow Rate of Waste gpm 4
NIt pug/ml 311 |Total Pressure in Vapor Space atm 1
K*! pg/mi 4010[ |Ventlation Flow Rate for Receiving Tank cfm 005
OH' pg/mil 49150( |Total Ventilation Flow Rate for Stack cfm 005
NO; ' ug/ml 181000| |Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 130000| |Temperature of Air in Vapor Space °F 1218
CO,2 pg/mi 22000/ |Stream Diameter inches 1
PO,* pg/mi 3126 | |Tortuosity Factor unitiess 1
80,° pg/mi 4230| [Inttial Concentration of NH In the Vapor Phase [mole/m® 0
F' ug/ml 790| |Surface Area of Still Waste m? 3902
clt pg/mi 8940/ |Fumigation Divisor at 100 meters unitless 1
L pg/mil 0] iNon Fumigation Divisor at 100 meters unitiess 1
Br' ug/mi 0} {Correction Factor for Schumpe Model unitless 1
%H,0 % §0 02

Specific Gravity unitless 14

Total Organic Carbon {g/l 895

Cs-137 pCifml 416

Temperature °F 120
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Table U5-10 (Contd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank (U 108 INPUT DATA |Date 36538 56946 Rewvision O|NH;
Dilution Ratio [0 1 ug/ml
lon MW c1 {moles/L) hi hi*ci 805
Na™! 2299| 10 569787 01143] 1 208126639 |From Weisenberger & Schumpe (19986) moles/L
Al 2698 122 02174] 0265102208 0 052552156
Fe 55 85 000 01161 6 92235E 05
cr 52| 2462E 02 00648] 0001595077 |Gas h (T} h (G 0}
N2 5871| B 323E04 01654] 880387E 05
K" 39098 1 028E 01 00922] 0 008458225|Ammonia 0 -0 0481
OH' 17 0074 282 00839] 0 242464163|Hydragen -0 208 00218
NO, 62 0049 292 00128] 0037384871 |Methane -0 524 00022
NO, ' 46 0055 283 00795 0224646949
C0O,° 60 0092 037 01423] 0052168715
PO,* 94 9676 008 02119 0008974576
S0,° 96 0576| 4 404E 02 01117| 0004918832
F' 19| 4 188E 02 0092| 0003825265
¢! 35453| 2 B22E O1 Q0 0318| 0008018836
T 694 0 00 0 0754 0
Br' 79 916| © OOOE+00 00269 0
Average
21 28963822 2084821709
Mass fraction water in lig 050 Temperature
Liguid density {(kg/m3) 1400 Q00 deg F
T (C) 49 120
Temperature
deg C
48 88888889
PNL 10785
Schumpe Schumpe pure water K _[mol/L(lig) atm [NH3
gmoles/L. (g )| h {G) Kwater/Ksalt _I(mol/kgwir at [Henry s K Part P atm
Ammonia 0 052552156 00481 109847483 21 2653246/ 1 355668887 | 0 038764743
Hydrogen 2 894E 02 2 810E+01 7 283E 04{ 1 815E 05| 0 O000E+00
Methane 1 032E 02 7 001E+01 1044E 03| 1 044E 05| 0 O0QE-+GO
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc In Vapor Space Y%NHspman 388 % Constant
Vartabfe Variable Variable
DeltaC Delta C Delta C
Time hours T sec NH; mole/m® Y%NH; % LFL, NH;
00100 36 9 361E 03 002 016
00183 66 1712E 02 005 029
00333 120 3 097E 02 008 053
00817 222 5 678E 02 015 097
01033 372 9 389E 02 025 161
0 1750 630 1554E (1 0 41 266
0332 1194 2 805E 01 074 4 80
0620 2232 4 802E 01 127 822
1035 3726 7 098E 01 188 1215
227 8154 1 120E+00 297 1917
335 12080 1 291E+00 342 22 09
538 19362 1 415E+00 375 24 20
827 29784 1 453E+00 385 24 87
9 68 348860 1 458E+00 387 24 94
109 39300 1 459E+00 387 24 97
132 47640 1 460E+00 387 24 99
16 6 59580 1 461E+00 387 24 99
417 150000 1 481E+00 3 87 24 99
Time to fill from 0% to
646 232605 1 461E-+00 387 24 99|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank J 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244-1

Liquid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value

NH3 ug/mi 1790| |Percent Fill of Receiving Tank % 50
Na*' ug/mi 242998 | |Volume of Vapor Space L 58700
AT ug/mil 32900/ |Length of Waste Fall ft 6
Fe*? prg/mi 33| [Inside Diameter of Receiving Tank ft 12
cr pgiml 1280] {Flow Rate of Waste gpm 4
Ni*? pa/mi 311 iTotal Pressure in Vapor Space atm 1
K pa/mi 4010] Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mil 49150} | Total Ventilation Flow Rate for Stack cfm 005
o ng/mi 181000/ | Total Bubbler Flow Rate cfh 3
NO, ! pg/mt 130000| |Temperature of Air in Vapor Space °F 1218
€O, % pg/mi 22000| |Stream Diameter inches 1
PO, pg/mi 3126| |Tortuosity Factor unitless 1
80,° ng/mi 4230 |Initial Concentration of NH; in the Vapor Phase |mole/m” 0
F! ug/mi 790} |Surface Area of Still Waste m? 38 02
cl' ug/ml 8940| [Fumigation Divisor at 100 meters unitless i
L pg/ml 0] |Non Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitiess 1
Yok,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon {9/l 8 95

Cs 137 pCimi 416

Temperature °F 120
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Table U5-10 {Contd) U-108 Ammonta Calculations for Shum

e Worst Case (99 pages)

Source Tank U 108 INPUT DATA |Date 36538 57772 Revision O|NH,
Dilution Ratio {01 ug/mi
lon MW ¢t {moles/L} 1] hiet 1720
Na*' 2289] 10669787 01143] 1 208126639|From Weisenberger & Schumpe (1996} moles/L
K 26 98 122 02174| 0265102208 0105104312
Fe™ 55 85 0 00 01161| 692235E 05
cr*® 521 2482E02 00648| 0001595077 |Gas h (T) h(G0D)
Ni 2 58711 B 323E 04 01654| 8 80387E 05
K 3909; 1 026E 01 00922| 0 009458225|Ammonia 0 -0 0481
oH' 17 0074 2 89 00839| 0 242464163|Hydrogen 0 299 00218
NO, ' 62 0049 292 00128 0037364871 [Methane 0524 00022
NO, 46 0055 283 00795 0224646949
COs 2 60 0092 Q 37 014231 0052168715
PO,* 94 9676 003 02119 0006974576
$0,7 96 0576| 4 404E 02 01117 0004918832
F' 18| 4 1B8E 02 0092| 0003825265
cl! 35453 2 B22E 01 00318 0008018836
Lt 694 000 00754 0
Br' 79 916| 0 OOCE +00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 49 120
Temperaiure
deg C
48 88858889
PNL 10785
Schumpe Schumpe pure water K |mol/L{lig) atm [NH3
gmoles/L (g )ih (G) Kwater/Ksalt  [(mol/kgwdr at |Henrys K Part P atm
Ammonia 0 105104312 -0 0481 10 9847483 21 2653246 1 355668887 | 0 077529486
Hydrogen 2 894E 02 2 810E+01 7 283E 04 1 815E-05 0 O00E+Q0
Methane 1032E 02 7 Q01E+01 1 044E 03 1 044E-05{ 0 O000E+00
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Table U5-10 (Cont'd) U-108 Ammonta Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equil NH3 Conc n Vapor Space %eNHa(max) 775 % Constant
Variable Varnable Variable
Delta C Delta C DeltaC
Time hours T sec NH; mole/m® %NH, % LFL, NH;
0 0100 36 1 872E 02 005 032
00183 66 3423E 02 0 09 059
0 0333 120 6 194E 02 016 106
00617 222 1 136E 01 030 194
01033 372 1 878E 01 0 50 a
01750 630 3 108E 01 082 532
0332 1194 5 610E 01 1 49 9 60
0620 2232 9 604E 01 255 16 43
1035 3726 1 420E+00 377 24 29
227 8154 2 240E+00 594 38 33
335 12060 2 582E+00 6 85 44 18
538 19362 2 829E+00 7 50 48 41
827 29784 2 9G7E+00 771 49 74
968 34860 2 915E+00 773 49 88
109 39300 2 918E+00 774 49 94
132 47640 2 920E+00 775 49 97
166 59580 2 921E+00 775 49 98
417 150000 2 921E+00 775 49 98
Time to fill from 0% to
64 6| 232605 2 921E+00 775 49 98|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calcutation and the Dynamic Spreadsheet

244-U

Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics {(Receiving Tank)
Parameter Units Value Parameter Units Value
NH; [tallegl 3581| [Percent Fill of Receving Tank % 50
Na*' ugfomi 242999 | |Volume of Vapor Space L 58700
Al ug/mi 32900| |Length of Waste Fall ft 8
Fe® pg/mi 33| |Inside Diameter of Receiving Tank ft 12
cr? ug/mi 1280/ |Flow Rate of Waste gpm 4
Ni*2 pg/mi 31| [Total Pressure in Vapor Space atm 1
K* ug/mi 4010] |Ventlation Flow Rate for Recewing Tank cfm 0 05
OH"' ugiml 49150/ jTotal Ventilation Flow Rate for Stack cfm 005
NO, ' Hg/ml 181000{ [Totat Bubbler Flow Rate cfh 3
NO, ! pg/ml 130000/ [Temperature of A in Vapor Space °F 1218
COz° ug/mi 22000/ |Stream Diameter iInches 1
PO,? ug/mi 3126| |Tortuosity Factor unitless 1
80,° rg/ml 4230/ [initial Concentration of NHj in the Vapor Phase [mole/m” 0
F' ug/mi 790| |Surface Area of Still Waste m> 39 02
cl' pa/mi 8940| |Fumigation Divisor at 100 meters unitless 1
L pugimi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br’ po/ml 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 5002
Specific Gravity unitless 14
Total Organic Carbon |g/l 8 95
Cs 137 uCrmi 416
Temperature °F 120
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Table U5-10 (Contd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA |Date 36538 57828 Revision OfNHy
Diution Ratio j0 1 ug/ml
lon MW ct {moles/L) hi hi ¢l 3581
Na*! 2299| 10 669787 01143 1 208126639|From Weisenberger & Schumpe (1996} moles/L
Al 26 98 122 02174 0265102298 0 210267341
Fe® 55 85 0 00 01161 692235E 05
cr*® 82| 2 462E 02 00648| 0 001595077|Gas h{T) h (G 0)
Ni*2 5871] 6 323E04 01654| 8 80387E 05
KH 3909 1 026E 01 00922 0009458225 (Ammonia 0 00481
oH'! 17 0074 2 89 00833| 0 242464163|Hydrogen 0 299 00218
NO, ! 62 0049 292 00128 0037364871 |Methane 0524 00022
NO, ' 46 0055 283 00795 0224646049
co;? 60 0092 037 01423 0052168715
PO, 94 9676 003 02119 0006974576
80,° 96 0576 4 404E 02 01117 0004918832
£’ 19| 4 1B8E 02 0092| 0003825265
! 35453 2 B22E 01 00318 0008018836
L’ 694 0 00 0 0754 0
Br' 79 918| 0 0OCOE +00 © 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lIig 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T{C) 49 120
Temperature
deg C
48 88888889
PNL 10785
Schumpe Schumpe pure water K _|mol/L{Iig) atm |[NH3
gmoles/L (ig )|h (G) Kwater/Ksalt  |(mol/kgwtr at |Henrys K Part P atm
Ammonia 0 210267341 0 0481 10 9847483 21 2653246| 1 355668887 | 0 155102284
Hydrogen 2 894E-02 2 810E+01 7 283E-04 1815E 05| 0 O0O0E+00
Methane 1 032E 02 7 001E+01 1044E 03| 1044E 05 0 000E+Q0
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equi NH3 Conc n Vapor Space %NHsimax) 15 51 % Constant
Variable Variable Vanable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL, NH;
0 0100 36 3 746E 02 010 0 64
00183 66 6 B49E 02 018 117
00333 120 1 239E 01 033 212
00617 222 2272E MM 060 3 89
01033 372 3757E M 100 6 43
01750 630 6 219E 01 165 10 64
0332 1194 1 122E+00 298 19 20
0620 2232 1 921E+00 510 32 88
1035 3726 2 840E+Q0 7 53 48 59
227 8154 4 482E+00 11 89 76 69
335 12060 5 166E+00 1370 88 39
538 19362 5 B6OE+00 15 01 96 84
827 29784 5 815E+Q0 15 42 99 50
968 34860 5 832E+Q0 15 47 99 79
109 39300 5 839E+Q0 1548 99 90
132 47640 5 B43E+00 15 50 99 97
16 6 59580 5 844E+00 15 50 99 99
417 150000 5 B44E+00 15 50 99 99
Time to fill from 0% to
64 6 232605 5 844E+00 15 50 99 99(50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammorua Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calfeulation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recenving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Charactenstics (Receiving Tank])

Parameter Units Value Parameter Units Value
NH; ugfml 716| |Percent Fill of Receving Tank % 50
Na*! pa/mil 242998| |Volume of Vapor Space L 58700
AP pg/ml 32900/ |Length of Waste Fall ft 6
Fe*? pg/ml 33| [Inside Diameter of Receiving Tank ft 12
crt ug/ml 1280/ |Flow Rate of Waste gpm 4
NI*2 ng/mi 31| |Total Pressure in Vapor Space atm 1
K ng/ml 4010]| [Ventilation Flow Rate for Receiving Tank cfm 005
OH' pg/ml 49150| [Total Ventilation Flow Rate for Stack cfm 005
NO3 ! ng/mi 181000] | Total Bubbler Flow Rate cfh 3
NO, ' ug/mi 130000} {Temperature of Air in Vapor Space °F 1318
CQOs3 2 pg/mi 22000| |Stream Diameter inches 1
PO,* pg/mil 3128| |Tortuosity Factor unitless 1
$0,° ug/mi 4230/ |Intral Concentration of NH; in the Vapor Phase [mole/m” 0
F pa/mi 790| |Surface Area of Still Waste m? 3902
clt pgiml 8940 | |Fumigation Divisor at 100 meters unitiess 1
Lt ugimi 03 iNon Fumigation Divisor at 100 meters unitiess 1
ar' pg/mi 0} !Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Crganic Carbon ig/l 8 95

Cs 137 nCi/mi 416

Temperature °F 130
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Source Tank (U 108 INPUT DATA |Date 36538 57892 Rewvision O[NH3

Dilubion Ratio {0 1 ug/mi

lon MW ¢1 {moles/L) hi hi o1 716

Na*' 2299 10 6568787 01143| 1 208126639(From Weisenberger & Schumpe (1996) moles/L

AP 26 98 122 02174| 0265102298 0042041725

Fa* 55 85 0 00 01161 692235E 05 4

cr? 52| 2 462E 02 00648| 0001595077 |Gas h{T) h(G0)

Ni 2 5871| 6 323E 04 01654 8 BO3BYE 05

K 3908| 1 02BE 01 00922; 0009458225|Ammonia 0 0 0481

OH’ 17 0074 2 89 00839, 0242464163 |Hydrogen 0 299 00218

NO; 1 62 0049 292 00128| 0037364871 |Methane 0524 00022

NO, 46 0055 283 00795 0224646949

C0,° 60 0092 0 37 01423 0052168715

PO, 3 94 9576 003 02119| 0006974576

S0, : 96 0576| 4 404E 02 01117 0004918832

F' 19| 4 1B8E 02 0082| 0003825265

cl’ 35453 2B22EO1 00318| 0008018836

L 694 000 00754 0

Br' 79 916| 0 00CE +00 00269 0
Average

21 28963822 2 064821709

Mass fraction water in lig 050 Temperature

biguid density (kg/m3) 1400 000 deg F

T(C) B4 130
Temperature
deg C
54 44444444

PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm |NH3
gmoles/L (g }{h (G) Kwater/Ksalt  |(mol/kgwir at [Henrys K Part P atm

Ammonia 0042041725 0 0481 10 9847483 17 00210138| 1 083887516 | 0 038787904

Hydrogen 3 060E 02 2 590E+(01 7 267E 04 1 985€ 05{ 0 000E+OD

Methane 1 323E 02 6 O70E+01 9 973E 04 1151E 05{ 0 000E+Q0

U-5-73




- RPP-4941 Rev 0 Appendix G

AUthor&M“?ab

DCRT
Case

244 U
5 (Story 1)

Date ;[g{é& Checked by, éc&) &%’ A

Date { ‘ 26[;2;,

Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc In Vapor Space % NHzma 388 % Constant
Vanable Variable Vanable
Delta C Delta C Delta C
Time hours T sec NH; mole/m?® %NH; % LFL NH,
0 0100 36 7 73%9E 03 002 013
00183 66 1 416E 02 004 025
00333 120 2 563E 02 007 045
0 0617 222 4 708E 02 013 082
01033 372 7 798E 02 021 136
01750 630 1 296E 01 035 226
0332 1194 2 356E 01 064 410
0620 2232 4 088E 01 110 712
1035 3726 6 152E 01 1 66 10 71
227 8154 1 OM4E+00 274 17 65
335 12060 1 201E+00 324 20 91
538 19362 1 358E+00 366 23 63
8 27 29784 1 420E+00 383 2472
968 34860 1 429E+00 385 24 87
10 9 39300 1 433E+00 386 24 93
132 47640 1 435E+00 3 87 24 98
166 59580 1 436E+00 387 2500
417 150000 1 436E+00 388 25 00
Time to fill from 0% to
646 232605 1 436E+00 388 25 00[50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dyhamic Spreadsheet

244-U
Source Tank U 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receving Tank 244 U

Liguid Waste Characteristics {Source Tank) Tank Charactenstics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; ng/mi 14321 IPercent Fill of Receiving Tank % 50
Na ' pa/mi 242899 tVolume of Vapor Space L 58700
Al pg/mi 32000{ [Length of Waste Fall ft 6
Fe™ ug/mi 33| [Inside Diameter of Receiving Tank ft 12
Cr?® pg/mi 1280| |Flow Rate of Waste gpm 4
Ni? pg/mi 31| | Total Pressure in Vapor Space atm 1
K™ pg/mi 4010| |Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO3 ' pg/mi 181000| |Total Bubbler Flow Rate cfh 3
NO, ° ug/ml 130000| |Temperature of Air in Vapor Space °F 1318
CO5° ug/ml 22000| |Stream Diameter inches 1
PO, pg/ml 3126| {Tortuosity Factor unitiess 1
S0,° pg/ml 4230/ |inial Concentration of NH; in the Vapor Phase {mole/m” 0
F! pg/ml 790| [Surface Area of Still Waste m* 3902
cl’ pg/ml 8940| |Fumigation Divisor at 100 meters unitless 1
Lt ng/ml 0| |Non Furigation Divisor at 100 meters unitless 1
Br' ng/mi 0] |Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon |g/l 8 95

Cs 137 pCi/ml 416

Temperature °F 130
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Table U5 10 (Contd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |U 108 INPUT DATA |Date 36538 57935 Revision OQNH;
Dilubon Ratio |01 ug/mi
lon MW ¢l {moles/L) hi hi ci 1432
Na ' 2289| 10 669787 01143| 1 208126639|From Weisenberger & Schumpe (1296) moles/L
Al 26 98 122 021741 0265102298 0 084083449
Fe * 55 85 000 01161] B692235E 05
crd 52| 2 462E 02 00648] D 001505077 |Gas h (T h(GO)
Ni*2 58717 B 323E 04 0 1654] 8 8038B7E 05
K 3909 1 026E 01 00922 0009458225|Ammonia 0 0 0481
OH' 17 0074 289 00839] 0242464163 |Hydrogen 0299 00218
NO, 1 62 0049 292 00128| 0037364871 |Msthane 0524 00022
NO, | 46 0055 283 00795 0224646949
CO,2 60 0092 037 01423 0052168715
PO, 3 94 9676 Q03 02119] 0006974576
80, z 96 0576 4 404E 02 01117} 0004918832
F! 19| 4 1B8E 02 0092| 0003825265
cl’ 35453| 2 B22E 01 Q0318 0008018836
L 694 0 00 0 0754 0
Br’ 79 916] 0 OOOE + 00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in hq 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T(C) 54 130
Temperature
deg C
54 44444444
PNL 10785
Schumps Schumpe pure water K Imol/L{liq) atm [NH3
gmolesiL {Iig )|h {G) Kwater/Ksalt  |(mol/lkgwtr at [Henrys K Part P atm
Ammonia 0084083449 00481 10 9847483| 17 002101381 1 083887516 | 0 077575807
Hydrogen 3060E Q2 2 590E+01 7 267E 04 1 965E 05| 0 QO0E+QD
Methane 1 323E 02 6 070E+01 9 973E 04 1151E 05| 0 ODDE+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc in Vapor Space | %NHjmay 776 % Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours|] T sec | NH; mole/m®|  %NH, % LFL NH,
00100 36 1 548E 02 004 027
00183 66 2 831E 02 008 0 49
00333 120 5127E 02 014 089
00817 222 9 412E 02 025 164
0 1033 372 1 560E 01 042 271
01750 630 2 591E 01 070 4 51
0332 1184 4 712E 01 127 8 20
0620 2232 8 176E 01 221 14 23
1035 3726 1 230E+00 332 21 41
227 8154 2 028E+00 547 3529
335 12060 2 403E+00 6 48 41 82
538 19362 2 716E+00 733 a7 27
827 29784 2 840E+00 7 66 49 43
968 34860 2 858E+00 771 49 74
109 39300 2 865E+Q0 773 49 87
132 47640 2 B71E+QOQ 774 49 96
16 6 59580 2 873E+00 775 50 00
M7 150000 2 873E+00 775 5000
Time to fill from 0% to
646| 232605 2 873E+Q0 775 50 00150% at 4gpm

4
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Table U5-10 (Cont'd} U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-Y
Source Tank U 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Characteristics {(Receiving Tank)

Parameter Units Value Parameter Units Value
NH; Hgiml 2863| |Percent Fill of Recewving Tank % 50
Na*! pg/ml 242999 | [Volume of Vapor Space L 58700
Al pg/ml 32900/ |Length of Waste Fall ft 6
Fe? pg/mi 33| |Inside Diameter of Receiving Tank ft 12
crt pugfml 1280| |Flow Rate of Waste gpm 4
Ni 2 pg/mi 31| |Total Pressure in Vapor Space atm 1
K pg/mi 4010]| |Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO, pg/ml 181000| |Total Bubbler Flow Rate ofh 3
NO, | pg/mi 130000| [Temperature of Air in Vapor Space °F 1318
co,* g/l 22000/ |Stream Diameter inches 1
PO,* pg/mi 3126/| iTortuosity Factor unitless 1
S0,2 pg/mil 4230| [Initial Concentration of NHg in the Vapor Phase {mole/m” 0
F! ng/mi 790/ |Surface Area of Still Waste m? 39 02
ci! pa/mil 8940| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| [Non Fumigation Dwisor at 100 meters unitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon |9/l 895

Cs 137 uCi/ml 416

Temperature °F 130
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Table U510 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank |U 108 INPUT DATA |Date 36538 57983 Revision 0{NH,

Dilution Ratio 0 1 ugfrmi

jon MW ¢l {moles/L) hi hi ¢1 2863

Na*' 2289] 10 569787 0 1143| 1 208126639|From Weisenberger & Schumpe (1986) moles/L

Al 26 98 122 02174] 07265102298 0 168108181

Fe ° 55 85 0 00 011611 B92235E 05

cr* 52| 2 482E 02 00648! 0 001595077 |Gas h(T) h{G0)

Ni*2 5871 5 323E04 01654 8 80387E 05

K" 3909| 1 026E 01 00822] 0000458225 |Ammonia 0 0 0481

oh' 17 0074 289 00839] 0 242464163 |Hydrogen 0299 00218

NO, ' 62 0049 292 00128| 0037364871 |Methane 0524 00022

NO, 46 0055 283 00795 0224646949

€O, 2 60 0092 0 37 01423 0052168715

PO,° 94 9676 003 02119 0006974576

$0,° 96 0576| 4 404E 02 01117 0004918832

FT 19| 4 168E 02 0092 0003825265

cl? 35453| 2 B22E 01 00318| 0008018836

L 694 0 00 0 0754 0

Br' 79 916| O DOOE + 00 0 0269 0
Average

21 28963822 2 064821709

Mass fraction water in Iq 050 Temperature

Licuid density (kgfm3) 1400 000 deg F

T(C) 54 130
Temperature
deg C
54 44444444

PNL 10785
Schumpe Schumpe pure water K |mol/L{Iig) atm |[NH3
gmoles/L (Ig )|h (G) Kwater/Ksalt  |(mollkgwtr at |Henrys K Part P atm

Ammonia 0 168108181 00481  109847483{ 17 00210138| 1 083887516 | 0 155097442

Hydrogen 3 060E 02 2 580E+01 7 267E-04 1 965 05| 0 000E+00

Methane 1 323E 02 G 070E+01] 9973E04] 1151E 05] 0 OO0E+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc In Vapor Space | %NHgmax 15 51 % Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH; molefm® %NH; % LFL, NH;
00100 36 3 094E 02 008 054
00183 66 5 660E 02 015 099
00333 120 1 025E 01 028 178
00817 222 1 882E M1 051 328
01033 372 3 118E 01 084 543
01750 630 5 181E 01 140 202
0332 1194 9 422E M 2 54 16 40
0820 2232 1 635E+00 4 41 28 45
1035 3726 2 460E+Q0 6 64 42 81
227 8154 4 054E+00 10 94 70 56
335 12060 4 804E+00 12 96 83 61
538 19362 5 430E+00 14 65 94 50
827 29784 5 678E+00 15 32 98 83
968 34860 5 713E+00 15 41 99 44
109 39300 5 728E+00 1545 9970
132 47640 5 73%E+Q0 1548 99 89
16 6 59580 5 743E+00 15 49 99 96
417| 150000 5 744E+Q0 15 50 99 97
Time to fill from 0% to
64 6| 232605 5 744E+00 15 50 99 97|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K caleulation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pgiml 576| |Percent Fill of Recewing Tank % 50
Na*' pg/mi 242999 | [Volume of Vapor Space L 58700
Al® pg/mi 32000/ |Length of Waste Fall ft 6
Fe' pg/ml 33| |Inside Diameter of Receiving Tank ft 12
cr ug/mi 1280| [Flow Rate of Waste gpm 4
Nr*2 pg/mil 31} |Total Pressure in Vapor Space atm 1
K ug/ml 4010} [Ventitation Flow Rate for Receiving Tank ofm 005
OH* pg/ml 491501 [Total Ventilation Flow Rate for Stack cfm 005
NOg ' ng/ml 181000] |Total Bubbler Flow Rate cfh 3
NO, ' pg/ml 130000| {Temperature of Air in Vapor Space °F 1418
CO;° po/mi 22000{ [Stream Diameter Inches 1
PO,° pg/ml 3126| |Tortuosity Factor unitless 1
80,7 pgiml 4230/ [Intial Concentration of NH; in the Vapor Phase {mole/m” 0
F' pg/mil 790| [Surface Area of Still Waste m? 3902
cl! pgi/ml 8940| |Fumigation Divisor at 100 meters unitless 1
L’ ug/ml 0| |[Non Fumigation Divisor at 100 meters unitless 1
Br' pgfmi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon g/l 895

Cs 137 pCi/ml 416

Temperature °F 140

U-5-81




DCRT
Case

244 U

§ {Story 1}

RPP 4941 Rev 0 Appendix G

Table U5-10 (Cont d) U-108 Ammeonia Calculations for Shum

Author&ﬁﬁ&i%g Dategggoo Checked by é.‘k ﬁjh___—‘ Date \‘2@ / 0o

pe Worst Case {99 pages)

Source Tank [U 108 INPUT DATA |Date 36538 58038 Revision O[NH;
Dilution Ratio |0 1 ug/ml
lon MW ¢l {moles/L) hi hi a1 576
Na*' 2299] 10 569787 0 1143{ 1 208126639|From Weisenberger & Schumpe {1986) moles/L
Al* 26 98 122 02174 0265102298 0 (033821276
Fe™ 55 85 0 00 01161 692235E 05
cr*® 52 2 462E 02 00648 0001595077 |Gas h (T} h(G Q)
NI*2 5871| 5 323E 04 01654| 8 B0387E 05
K 39809 1 028E 01 00822 0009458225{Ammonia 0 0 0481
OH'! 17 0074 2 89 00839| 0 242464163|Hydrogen 0299 00218
NO4 f 62 0049 292 00128| 0037364871 |Methane 0524 00022
NO,' 46 0055 283 00795 0 224646949
COo,* 60 0092 037 01423| 0052168715
PO,° 94 9676 0 03 02119 0008974576
80,% 96 0576| 4 404E 02 01117 0004918832
F 19| 4 1B8E 02 0092] 0003825265
cl' 35453 2 B22E 01 00318| 0008018836
u 694 000 0 0754 0
gr' 79 916| O COOE +00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K [mol/L{lg) atm [NH3
gmoles/L {Iig }}h (G} Kwater/Ksalt  |(mol/kgwir at |Henrys K Part P aim
Ammonia 0 033821276 0 0481 10 9847483 13 B8741| 0 872575248 | 0 038760287
Hydrogen 3227E 02 2 387E+01 7285E 04| 2 137E 05| G 000E+00
Methane 1 614E 02 5 263E+01 9609E 04| 1 279E 05 O 000E+0D
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equil NH3 Congc In Vapor Space Y%eNH3imax) 388 % Constant
Vanable Variable Varnable
Deita C Delta C Delta C
Time hours| T sec NH; mole/m® %NH; % LFL NH;
00100 36 6 426E 03 002 011
00183 66 1176E 02 003 021
00333 120 2131E 02 006 038
00817 222 3 916E 02 011 069
0 1033 372 6 S01E 02 018 115
01750 630 1 083E 01 0 30 192
0332 1194 1 982E 01 0 54 3 51
0620 2232 3 478E 01 095 616
1035 3726 5 313E 01 146 940
227 8154 9 093E 01 249 16 09
335 12060 1 105E+00 303 . 1956
538 19362 1 290E+00 354 2283
827 29784 1 379E+00 378 24 41
968 34860 1 394E+00 383 24 68
109 38300 1 402E+00 385 24 81
132 47640 1 408E+00 386 2492
16 6 59580 1 411E+00 3 87 24 97
417 150000 1 411E+00 3 87 24 98
Time to fill from 0% to
846 232805 1 411E+00 387 24 98|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammona Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U

Source Tank U 108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics {Receiving Tank)
Parameter Unis Value Parameter Units Value
NH, pg/mt 1153 |Percent Fill of Receiving Tank % 50
Na ' pg/ml 2429991 tVolume of Vapor Space L 58700
Al pg/ml 32900} [Length of Waste Fail ft 6
Fe ® ug/ml 33| |Iinside Diameter of Receving Tank ft 12
cr pg/mi 1280| |Flow Rate of Waste gpm 4
Ni*2 ng/mil 31| [Total Pressure in Vapor Space atm 1
K pg/ml 4010] |Ventilation Flow Rate for Recewving Tank cfm 005
OH' pg/mil 49150] |Total Ventilation Flow Rate for Stack cfm 005
NO; ' pg/ml 181000| | Total Bubbler Flow Rate cfh 3
NO, ng/ml 130000| |Temperature of Air in Vapor Space [°F 1418
CO;z° ng/mi 22000 | |Stream Diameter inches 1
PO,° pg/ml 3126| | Tortuosity Factor unitiess 1
80,° ng/mil 4230| |Inttral Concentration of NHy in the Vapor Phase [mole/m” 0
F ug/mi 790| |Surface Area of Stll Waste m? 3902
cl pg/mi 8940/ |Fumigation Divisor at 100 meters unitiess 1
Lt pg/mi 0} {Non Fumigation Divisor at 100 meters unitless 1
Br' ug/ml 0} {Correction Factor for Schumpe Model unitless 1
%H,0 % 5002
Specific Gravity unitless 14
Total Organic Carbon |g/l 895
Cs 137 uCi/ml 416
Temperature °F 140
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Table U5-10 (Cont d) U-108 Ammonia Calculations for Shum

Date \’2& 1'00

e Worst Case (99 pages)

Source Tank |U 108 INPUT DATA |Date 36538 5807 Revision QiNH;
Dilution Ratio (01 ug/mt
fon MW ¢1 {molas/L) hi hi*ct 1153
Na*' 2299 10 6569787 01143| 1 208128639{From Weisenberger & Schumpe (1296} moles/L
Al 28 98 122 02174| 0265102298 0 067701269
Fe* 55 85 000 01161 6 92235E 05
crt 52| 2 462E 02 00648| 0001595077 |Gas h (T) h(G D)
Ni*2 5871} 5 323E 04 01654] 8B80387E 05
K 3909] 1 026E 01 00922 0009458225|Ammonia 0] 0 0481
OH' 17 0074 2 89 008391 0242464163 |Hydrogen 0299 00218
NO, ' 62 0042 292 00128! 0037364871 |Methane 0524 00022
NO, ! 46 0055 2 83 00795 0224646049
co,? 60 0092 0 37 01423 0052168715
PO,° 94 9676 Q03 02119 0006974576
80,2 96 0576| 4 404E 02 01117 0004918832
F! 19| 4 1B8E 02 0092 0003825265
cl’ 35453| 2 B22E 01 00318| 0008018836
Li*! 6 94 0 00 00754 0
Br! 79 916| 0 Q00E+00 00269 0
Average
21 28953822 2064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K |[mol/L{Iig) atm [NH3
gmoles/L {lig )|h (G) Kwater/Ksalt  |{mol/lkgwtr at |Henrys K Part P atm
Ammonia 0 067701269 00481 10 9847483 13 68741| 0 872575248 | 0 077587886
Hydrogen 3 227E 02 2 387E+01 7 285E 04 2137E 05 0 000E+00
Methane 1 814E 02 5 263E+01 9 609E 04 1 279E 05| 0 O00E+00
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Table U5-10 (Cont'd) U-108 Ammoma Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc 1n Vapor Space Yo NHamax) 776 % Constant
Vanable Variable Varniable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®|  %NH; % LFL, NH;
0 0100 36 1 286E 02 004 023
00183 56 2 354E 02 006 042
0 0333 120 4 265E 02 012 075
00617 222 7 839E 02 022 139
01033 372 1 301E 01 036 230
0 1750 630 2 168E 01 059 384
0332 1184 3 968E 01 109 702
0620 2232 6 962E 01 191 12 32
1035 3726 1 064E+00 292 18 82
227 8154 1 820E+00 499 3222
335 12060 2 213E+00 607 3916
538 19362 2 582E+00 708 4571
827 29784 2 7T60E+00 757 48 86
968 34860 2 791E+00 7 66 49 40
109 39300 2 806E+00 770 49 66
132 47640 2 818E+00 773 49 88
166 59580 2 B24E+00 775 49 98
417 150000 2 825E+00 775 5000
Time to fill frem 0% fo
64 8| 232605 2 825E+00 775 50 00|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Diution Ratio g1 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liquid Waste Characteristics (Source Tank) Tank Characternstics (Receiving Tank)

Parameter Unifs Value Parameter Units Value
NH; Hg/ml 2305{ |Percent Fill of Receiving Tank % 50
Na ' pg/mi 242999 |Volume of Vapor Space L 58700
Al pg/ml 32900| |Length of Waste Fall ft 6
Fe*® pg/mil 33| [Inside Diameter of Recelving Tank ft 12
cr'® pg/mi 1280| [Flow Rate of Waste gpm 4
Ni*2 pg/mil 31| {Total Pressure in Vapor Space atm 1
K paimi 40101 iVentilation Flow Rate for Receiving Tank cfm 005
OH' pg/mi 49150} {Total Ventilation Flow Rate for Stack cfm 005
NO; ' ug/mi 1810001 |Total Bubbler Flow Rate cfh 3
NO, | ng/mi 130000{ {Temperature of Air in Vapor Space °F 1418
CO3° pg/mi 22000! |Stream Diameter Inches 1
PO,* pg/ml 3126| {Tortuosity Factor unitless 1
S0, ° rg/ml 4230/ |Inial Concentration of NH; in the Vapor Phase [mole/m” 0
F' ug/mi 790| |Surface Area of Still Waste m? 39 02
cr’ png/mi 8940| |Fumigation Divisor at 100 meters unitless 1
L pug/mi 0| |Non Fumigation Divisor at 100 meters unitiess 1
Br’ png/ml 0| [Correction Factor for Schumpe Model unitless 1
%H,0 % 5002

Specific Gravity unitiess 14

Total Organic Carbon |g/l 895

Cs 137 nCt/ml 416

Temperature °F 140
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Table U5-10 {Contd) U 108 Ammonia Calculations for Shum

00

e Worst Case (99 pages)

Source Tank |U 108 INPUT DATA {Date 36538 58236 Revision O|NH,
Dilution Ratio 101 ug/mi
lon MW ci (moles/L) hi hial 2305
Na ' 2299| 10 6689787 01143} 1 208126638 |From Weisenberger & Schumpe (1996) moles/L
Al© 26 98 122 02174 0265102298 0 13534382
Fo™ 55 85 0 00 01161] 6 92235E 05
cr® 52| 2 462E 02 00648 0 001595077 |Gas h (T) h (G 0)
Nt 65871| 5 323E 04 01654 8 80387E 05
K’ 3909 1 026E 01 00922 0009458225 (Ammonia ¢] 00481
OH' 17 0074 289 00839 0242464163|Hydrogen 0 209 00218
NQ, T 62 0049 292 00128| 0037364871 |Methans 0524 00022
NO,' 45 0055 283 00795 0224646949
CQ, 2 60 0092 O 37 01423 0052168715
PO 94 9676 003 02119 0 00BYT4576
$0,° 96 0576| 4 404E 02 01117] 0004918832
F' 19| 4 158E 02 0092| 0003825265
cl’ 35453 2 522E 01 00318 0008018836
u* 694 0 00 00754 0
Br' 79 916 0 OOOE +00 00269 0
Average
21 28963822 2 064821708
Mass fraction water in g 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 60 140
Temperature
deg C
60
PNL 10785
Schumpe Schumpe pure water K [mol/L{Iig) atm |NH3
gmoles/L (Iig )ih (G) Kwater/Ksalt  [(molfkgwtr at |Henry s K Part P atm
Armmonta 013534382 00481 10 9847483 13 68741|Q 872575248 | 015510848
Hydrogen 3 227E 02 2 387E+01 7 285E 04| 2137E-05{ 0 O000E+00
Mesthane 1 614E 02 5 263E+01 9 609E 04 1 279E 051 (O O0DE+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Egull NH3 Conc in Vapor Space YoNHsmaxy 15 51 % Constant
Vanable Variable Vanable
Delta C Delta C Delta C
Time hours T sec NH; mole/m® %NH; % LFL NHj
0 0100 36 2571E 02 007 046
00183 66 4 705E 02 013 083
00333 120 8 526E 02 023 151
00617 222 1 567E 01 043 277
01033 372 2 601E 01 071 460
01750 630 4 335E 01 119 7 67
0332 1194 7 933E 01 218 14 04
0620 2232 1 392E+00 382 2463
1035 3726 2 126E+00 583 37 63
227 8154 3 639E+00 9 08 64 40
335 12060 4 423E+Q0 12 14 78 29
538 19362 5 163E+00 14 16 91 38
827 29784 5 518E+00 1514 97 67
968 34860 5 580E+00 15 31 98 76
109 39300 5 609E+00 15 39 99 28
132 47640 5 634E+00 15 46 9973
166 59580 5 845E+00 15 49 99 91
417 150000 5 648E+00 1549 99 96
Time to fill from 0% to
64 68; 232605 5 648E+00 15 49 99 96{50% at 4gpm
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Table U5-10 (Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank L 108
Ddution Ratio 01 Cotrection Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; ug/ml 467! [Percent Fill of Receving Tank % 50
Na*! pg/ml 2429099| |Volume of Vapor Space L 58700
Al® pg/ml 32900| |Length of Waste Fall ft 6
Fe* pg/mi 33| [Inside Diameter of Receiving Tank ft 12
cr pg/mi 1280| [Flow Rate of Waste gpm 4
NI*2 pg/mi 31| |Total Pressure in Vapor Space atm 1
K po/mi 4010| |Ventlation Flow Rate for Receiving Tank cfm 005
OoH' pg/mil 49150( |Total Ventilation Flow Rate for Stack cfm 005
NOs ' pg/ml 181000] | Total Bubbler Flow Rate cfh 3
NO, ' pg/mi 130000/ [Temperature of Air In Vapor Space °F 151 8
COz° pg/mil 22000/ |Stream Diameter Inches 1
PO, pg/ml 3126| |Tortuosity Factor unitless 1
80, pg/mi 4230| |Initial Concentration of NH; In the Vapor Phase [mole/m” 0
F ug/ml 790| [Surface Area of Still Waste m* 39 02
ci! pg/mi 8940| |Fumigation Divisor at 100 meters unitless 1
Lt Ha/mi 0| |Non Fumigation Divisor at 100 meters unitless 1
Br' ugimi 0| |Correction Factor for Schumpe Model! unitiess 1
% M0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon g/l 895

Cs 137 uCi/mi 416

Temperature °F 150
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Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank (U 108 INPUT DATA |Date 36538 58375 Rewvision 0O|iNH;
Dilutron Rato |01 ug/mi
lon MW ¢l {moles/L} hi hi*et 467
Na'! 2299| 10 669787 01143| 1 208126639|From Weisenberger & Schumpe {1996) moles/L
AP 26 98 122 02174 0265102298 0 027421069
Fe* 55 85 000 01161| 6 92235E 05
cr*® 52| 2 462E 02 00648 0001595077 [Gas h{T) h {3 0)
Ni* 5871 5 323E 04 0 1654 8 80387E 05
Kt 3909 1 026E 01 00922 0008458225 [Ammonia 0 00481
OH' 17 0074 2 89 Q0838 0242464163 |Hydrogen 0299 00218
NO, 620049 292 00128| 0037364871 |Msthane 0524 0 0022
NO, ' 46 0055 283 0 0795| 0 224646949
CO, ‘ 60 0092 0 37 01423, 0052168715
PO, 94 9678 003 021191 0008974576
s0,°? 96 0576| 4 404E 02 01117 0004918832
F' 18| 4 158E 02 0092| 0003825265
cl' 35453 2622E 01 Q0318 0008018836
L 594 0 00 0 0754 0
Br' 79 916| O OOOE + 00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in hig 0 50 Temperature
Liguid density (ka/m3) 1400 Q00 deg F
T(C) 66 150
Temperature
deg C
65 555655556
PNL 10785
Schumpe Schumpe pure water K [mol/L{lig) atm |[NH3
gmoles/l. (Iig )|h (G) Kwater/Ksalt  |(molfkgwtr at [Henrys K Part P atm
Ammonia 0 027421069 00481 10 9847483| 11 08126307| 0 707070338 | 0 038781246
Hydrogen 3 393E 02 2 201E+01 7 338E 04| 2335E 05| 0 O000E+00
Methane 1 S05E 02 4 663E+01 9 331E 04 1 432E 05| 0 Q00E+QO
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equil NH3 Conc in Vapor Space %NHaimax) 388 % Constant
Vanable Vanable Variable
Delta C Delta C Delta C
Time hours| T sec NH; mole/m®|  %NH, % LFL NH;
Q 0100 36 5 377E 03 o0 010
00183 86 9 842E 03 003 018
00333 120 1 784E 02 005 032
00617 222 3 283E 02 009 059
01033 372 5 457E 02 015 098
01750 630 9 115E 02 025 164
0332 1194 1677E 01 047 302
0820 2232 2 969E M1 083 534
1035 3726 4 593E 01 128 8 26
227 8154 8 120E 01 226 1461
335 12080 1 010E+00 282 18 18
538 19362 1 216E+00 339 2189
827 29784 1 333E+00 372 2398
968 34860 1 356E+00 378 24 41
108 38300 1 369E+00 382 24 63
132 47640 1 381E+00 385 24 84
166 59580 1 387E+00 387 24 95
417 150000 1 380E+00 387 24 99
Time to fill from 0% to
64 6] 232605 1 389E+00 387 24 99/50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Charactenstics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH3 pg/mi 934 | |Percent Fill of Receving Tank % 50
Na*! pa/mi 242999| |Volume of Vapor Space L 58700
A" pg/ml 32900/ |Length of Waste Fall ft 6
Fe*? ug/ml 33| [Inside Diameter of Recelving Tank ft 12
cr*d pg/ml 1280| |Flow Rate of Waste gapm 4
Ni*2 pg/mi 31! |Total Pressure in Vapor Space atm 1
K+ pagfmil 4010| [Ventilation Flow Rate for Receiving Tank cfm 005
OH' Kra/ml 49150( |Total Ventilation Flow Rate for Stack cfm 005
NO; ! pg/mi 181000( |Total Bubbler Flow Rate cth 3
NO, ' pg/ml 130000| [Temperature of Air in Vapor Space °F 1518
CO,° Hg/mi 22000| ;Stream Diameter inches 1
PO, " ugfmil 3126} [ Tortuosity Factor unitless 1
80,2 pg/ml 4230} {Inthal Concentration of NH; in the Vapor Phase [mole/m” 0
F' png/ml 790| |Surface Area of Still Waste m? 3902
ci? pg/ml 8940| |Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0| |Non Fumigation Divisor at 100 meters uhitless 1
Br' pg/mi 0| |Correction Factor for Schumpe Model unitless 1
%H,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 pCi/ml 416

Temperature °F 150
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Table U5 10 (Contd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA |Date 36538 58406 Revision 0|NH;
Dilution Ratio |0 1 ug/mi
lon Mw ¢l {moles/L) hi hi ¢l 934
Na*' 22 99| 10 669787 01143| 1 208126639|From Weisenberger & Schumpe (1896} moles/L
AP 26 98 122 02174| 0265102298 0054842138
Fe 55 85 0 00 01161 692235E 05
cr*? 52| 2 462E 02 0 0648| 0 001595077|Gas h(T) h (G0}
Ni*? 5871| B 323E 04 01854| &B80387E 05
K* 3908 1 026E O1 00022 0009458225 (Ammonia 0 -0 0481
OH' 17 0074 2 89 00839| 0242464163 |Hydrogen 0299 -0 0218
NO; ! 62 0049 292 00128| 0037364871 |Methane -0 524 00022
NO, T 46 0055 283 00795 0224646949
€O, 2 60 0092 037 01423 0052168715
PO,? 94 9676 003 02118 0006974576
S0,°? 86 0576| 4 404E 02 01117 0004918832
F’ 19| 4 1B8E 02 0092] 0003825265
ct! 35453| 2 B22E 01 00318] 0008018836
u' 6 94 000 00754 0
Br' 79 916 0 OOOE +00 00269 0
Average
21 28963822 2 064821709
Mass fraction water in lig Q50 Temperature
Liguid density (kg/m3) 1400 000 deg F
T (C) 66 150
Temperature
deg C
65 55555556
PNL 10785
Schumpe Schumpe pure water K _|mol/L{hq) atm [NH3
gmoles/L (g ){h (G) Kwater/Ksalt  [(mol/kgwtr at |Henrys K Part P atm
Ammonia 0054842138 00481 10 9847483| 11 09126307 | 0 707070339 | 0 077562493
Hydrogen 3 393k 02 2 201E+01 7 338E 04| 2335E 05/ 0 00CE+CO
Methane 1 905E 02 4 563E+01 933ME 04| 1432E 05 00O00E+CO
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law
Equil NH3 Conc In Vapor Space | %NHjmay 776 % Constant
Variable Variable Varnable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NH,
0 0100 38 1 075E 02 003 019
00183 66 1 968E 02 005 035
00333 120 3 569E 02 010 064
00617 222 6 566E 02 018 118
01033 372 1 091E 01 030 196
01750 630 1 823E 01 0 51 328
0332 1194 3 353E 01 094 603
0620 2232 5 938E 01 166 10 68
1035 3726 9 185E 01 2 56 16 53
2727 8154 1 624E+00 4 53 29 22
335 12060 2 020E+00 563 36 35
538 19362 2 A33E+00 679 4377
827 29784 2 865E+00 743 47 96
968 34860 2 7T13E+00 7 57 48 81
109 39300 2 737E+00 763 49 25
132 47640 2 761E+00 770 49 68
166 59580 2 773E+00 773 49 80
417t 150000 2 778E+00 775 49 98
Time to fill from 0% to
846 232605 2 778E+00 775 49 98[50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilutron Ratio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liquid Waste Charactenstics (Source Tank) Tank Charactenstics {Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 1868| |Percent Fill of Recerving Tank % 50
Na"' pg/ml 242999 | |Volume of Vapor Space L 58700
Al pg/mi 32900/! |Length of Waste Fall ft <]
Fe 3 pg/mil 33| |Inside Diameter of Receving Tank ft 12
cr'® g/ 1280/ |Flow Rate of Waste gpm 4
Ni* ug/mi 311 | Total Pressure in Vapor Space atm 1
K pg/mi 4010] |Ventilation Flow Rate for Receving Tank cfm 005
OH' pg/mi 49150] |Total Venhlation Flow Rate for Stack ofm 005
NO, ' pg/mi 181000| | Total Bubbler Flow Rate cfh 3
NO, ' ng/ml 130000| |Temperature of Air in Vapor Space F 1518
COs? ug/mi 22000| |Stream Diameter inches 1
PO,* pg/mi 3126| | Tortuosity Factor unitiess 1
80, ° pg/mi 4230/ |Initial Concentration of NH, in the Vapor Phase {mole/m” 0
F! pg/ml 790{ {Surface Area of Still Waste m? 39 02
cl! pg/ml 8940| [Fumigation Divisor at 100 meters unitless 1
Lt pg/mi 0 {Non Fumigation Divisor at 100 mefers unitless 1
Br’ po/mi 01 |Correction Factor for Schumpe Model unifless 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs-137 uCi/mi 416

Temperature °F 150
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Table U5-10 (Cont'd) U-108 Ammoma Calculations for Shumpe Worst Case (99 pages)
Source Tank {U 108 INPUT DATA [Date 36538 58438 Revision 0iNH;
Dilution Ratio {01 ugfrml
lon MW el {moles/L} hi hi*ci 1868
Na*' 2299| 10 B69787 01143| 1 208126639|From Weisenberger & Schumpe (1896} moles/L
AR 2698 122 02174 0265102298 0 109684276
Fe™ 55 85 0 Q0 01161| 692235E 05
crt 52| 24862E02 00648| 0001595077 |Gas h (T} h (G 0)
Ni*? 5871| 5 323E 04 01654| 8 80387E 05
K 3909 1 026E O1 00822| 0009458225{Ammonia 0 00481
OH' 17 0074 2 89 00839| 0 242464163]Hydrogen 0 299 00218
NO, ' 62 0049 292 00128] 0037364871 |Methane 0524 00022
NO, i 46 0055 2 83 Q0795| 0224646949
CO,° 60 0092 037 01423] 0052168715
PO,° 94 9676 003 02119 0006974576
§0,° 96 0576| 4 404E 02 01117} 0004918832
F! 19] 4 168E 02 0092 0003825265
cl’ 35453| 2 B522E O1 00318] 0008018836
T 694 0 00 00754 0
Br' 79 916| O DOOE +00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in ligg 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 66 150
Temperature
deg C
65 55556556
PNL 10785
Schumpe Schumpe pure water K Imol/L{liq) atm [NH3
gmolasiL (lIiq )} h (G) Kwater/Ksalt _{{mol/kgwir at jHenrys K Part P atm
Ammonia 0 109684276 0 0481 10 9847483] 11 09126307 0 707070339 [ 0 155124885
Hydrogen 3 393E-02 2 201E+01 7338E 04| 2335E 05| 0 OCOE+00
Methane 1 905E 02 4 563E+01 9331E 04| 1 432E 05§ 0 OCOE+Q0
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Table U5-10 {Cont'd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc In Vapor Space %N Hsimax) 15 51 % Constant
Variable Varnable Variable
Delta C Delta C Delta C
Time hours| T sec |NH; mole/m®|  %NH, % LFL NH,
00100 36 2 151E 02 006 039
00183 66 3 937E 02 011 07
00333 120 7 137E 02 020 128
0 0617 222 1313E M1 037 2 36
0 1033 372 2 183k 01 0 61 393
0 1750 630 3 646E 01 102 6 56
0332 1194 6 707E 01 187 12 07
0620 2232 1 188E+00 3 31 2137
1035 3726 1 837E+00 512 3305
227 8154 3 248E+00 g 06 58 44
335 12060 4 D41E+00 1127 7270
538 19362 4 866E+00 13 57 87 55
8§ 27 29784 5 331E+00 14 87 95 92
968 34860 5 425E+00 1513 97 62
109 39300 5 475E+Q0 1527 a8 51
132 47640 5 522E+00 15 40 99 37
166 59580 5 546E+00 1547 9979
417 150000 5 555E+00 15 49 99 96
Time to fill from 0% to
64 6| 232605 5 555E+Q0 15 49 99 96 (50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Recelving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 381| [Percent Fill of Receving Tank % 50
Na*’ pg/mi 242999 | |Volume of Vapor Space L 58700
Al pgfml 32900| |Length of Waste Fall ft 8
Fe" pg/mi 33| |Inside Diameter of Recelving Tank fi 12
cr* pg/ml 1280/ |Flow Rate of Waste gpm 4
NI*2 pg/m! 31| |Total Pressure In Vapor Space atm 1
K pg/mi 4010]| {Ventilation Flow Rate for Recewving Tank cfm 005
OH' ug/ml 49150 |Total Ventilation Flow Rate for Stack cfm 005
NOg ' pg/mi 181000] |Total Bubbler Flow Rate cth 3
NO, ug/mi 130000] | Temperature of Air in Vapor Space °F 1618
CO;° ug/mi 22000/ |Stream Diameter inches 1
PO, pg/ml 3126| |Tortuosity Factor unitless 1
80,2 pg/ml 4230| [initial Concentration of NH; in the Vapor Phase |mole/m® 0
F' pwg/ml 790| |Surface Area of Still Waste m? 3902
cH' ug/mil 8940| [Fumigation Divisor at 100 meters unitiess 1
L+ ug/mil 0] {Non Fumigation Divisor at 100 meters unitless 1
Br' pgimi 0} |Correction Factor for Schumpe Model unitless 1
%H,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 nCimi 416

Temperature °F 160
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Table U5-10 {Cont d) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Source Tank (U 108 INPUT DATA |Date 36538 58481 Revision OiNH;

Dilution Ratio |0 4 ug/ml

lon MW ot (moles/l} ht hi 381

Na't 2289 10 69787 01143} 1208126639 From Waisenbergsr & Schumpe {1998) moles/L

At 26 98 122 02174| 0265102298 0 022371365

Fe® 55 85 0 00 01161 692235E 05

cr 52| 2462E02 0 0848| 0001595077|Gas h (T) h (G 0)

NI*? 5871| 5 323E 04 01654 8 80387E 05

K' 3908] 1 026E 01 00922| 0009458225{Ammonia 0 00481

OH' 17 0074 289 00839] 0 242464163{Hydrogen 0 289 00218

NO,* 62 0049 292 00128 00373648711Methane 0524 00022

NO, ! 46 0055 283 D0795| 0224646949

CO,° 60 0092 0 37 01423 0052168715

PO, * 94 9676 003 02118 0006974576

S0, z 96 05768 4 404E 02 01117 0004918832

F' 19| 4 1868€ 02 0092 0003825265

cr’ 35453 2 B22E M 00318| 0008018836

Lt 8 94 000 0 0754 0

Br' 79 916! 0 ODQE +00 0 0269 0
Average

21 28963822 2 084821709

Mass fraction water in liq 050 Temperature

Liguid density (kg/m3) 1400 000 deg F

T({C) 71 160
Temperature
deg C
71 11111111

PNL 10785
Schumpe Schumps pure water K Imol/L{liq) atm |NH3
gmoles/L {(Iig )|h (G) Kwater/Ksalt  |(molfkgwir at iHenrys K Part P atm

Ammonia 0 022371365 0 0481 10 9847483 9 0436604431 0 576535243 | 0 038803117

Hydrogen 3 559E 02 2 029E+01 7 422E 04 2562E 05| 0 000E+00

Methane 2 196E 02 3 956E+01 9126E 04 1616E 05| 0 O00E+00
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Table U5-10 {(Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equil NH3 Conc In Vapor Space %NHzmax) 388 % Constant
Vanable Variable Variable
Delta C Delta C Delta C
Time hours T sec NH3 mole/m* %NH; % LFL NH;
0 0100 36 4 531E 03 001 008
00183 66 8 295E 03 002 015
0 0333 120 1 504E 02 004 028
00617 222 2770E 02 008 0 51
01033 372 4 610E 02 013 084
01750 830 7 716E 02 022 141
0332 1194 1 425E 01 040 2 61
0620 2232 2543E M 072 4 65
1035 3726 3975E M 113 727
227 8154 7 225E 01 205 13 21
3356 12060 9 175E 01 26Q 16 78
538 19362 1 138E+00 322 20 81
827 29784 1 279E+00 363 2339
968 34860 1 312E+00 372 23 99
109 39300 1 330E+00 377 24 33
132 47640 1 350E+00 383 2469
166 59580 1 361E+00 386 24 90
417 150000 1 367E+00 387 2500
Time to fill from 0% to
64 6| 232605 1 367E+00 387 25 00{50% at 4gpm
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Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U-108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewving Tank 244 U

Liquid Waste Characteristics (Source Tank) Tank Characterstics (Recewing Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 762| |Percent Fill of Receiving Tank % 50
Na*! pg/mi 242998| |Volume of Vapor Space L 58700
A" pg/mi 32900| |Length of Waste Fall ft 6
Fe' pa/mi 33| |Inside Diameter of Receving Tank fit 12
crt pg/mi 1280( |Flow Rate of Waste gpm 4
N 2 pg/ml 31| |Total Pressure in Vapor Space atm 1
K ug/mil 4010| |Ventiation Flow Rate for Receiving Tank ¢fm 005
OH! pg/mi 49150| |Total Ventilation Flow Rate for Stack cfm 005
NO, Ha/mi 181000| |Total Bubbler Flow Rate cfh 3
NO, pgfmt 130000{ {Temperature of Air in Vapor Space °F 161 8
COs° ug/mi 22000| IStream Diameter inches 1
PO,* pg/mi 3128} iTortuosity Factor unitless 1
S0, ° ug/mi 42301 {Initiat Concentration of NH; in the Vapor Phase [mole/m” 0
F? ng/ml 790} iSurface Area of Still Waste m? 3902
cl’ pg/mi 8940| [Fumigation Divisor at 100 meters unifless 1
Lt pg/ml 0| |Non Fumigation Divisor at 100 meters unitless 9
Br' png/mi 0] |Correction Factor for Schumpe Model unitiess 1
%H,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 pCrmi 416

Temperature °F 160
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Table U5-10 (Contd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank |U 108 INPUT DATA |Date 36538 58505 Revision O{NH;
Dilution Ratio |01 ug/ml
lon MW ci {moles/L) hi hi el 762
Na*! 2299 10569787 01143| 1 208126639(From Weisenberger & Schumpe (1996) moles/L
Al 26 98 122 02174 0265102298 0 044742729
Fe® 55 85 0 00 01161| 6 92235E 05
cr? 52| 2 462E 02 00648 0001595077 [Gas h(T) h{G0)
Nit2 5871 B 323E 04 01654 B880387E 05
K 3909] 1 026E 01 00922| 0 009458225|Ammonia 0 0 0481
OH' 17 0074 2 89 (0 0839| 0 242464163|Hydrogen 0298 00218
NO, ! 62 0049 292 00128 0037364871 |Methane 0524 0 0022
NO, ' 46 0055 283 00795 0224646949
€052 60 0092 0 37 01423 0052188715
PO,° 94 9676 003 02118 0006974576
50,% 96 0576| 4 404E 02 01117| 0004918832
Fr 19 4 158E 02 0092| 0003825265
cl’ 35453] 2 B22E 01 00318| 0008018836
L 694 0 00 0 0754 0
Br' 79 916| 0 O0QE +00 00269 0
Average
21 28063822 2064821709
Mass fraction water in hg 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T (C) 71 160
Temperature
deg C
71 11111111
PNL 10785
Schumpe Schumpe pure water K [mol/L(Iig} atm |NH3
gmoles/L {Iig }|h {G) Kwater/Ksalt  |{mol/kgwtr at |Henrys K Part P atm
Ammonia 0 044742729 00481 10 9847483| 8 043680443| 0 576535243 | 0 077606235
Hydrogen 3 559E 02 2 029E+01 7 422E 04| 2 562E-05] 0 000E+Q0
Methane 2196E 02 3 956E+01 9 126E 04 1616E 051 0 QOOE+QQ
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equil NH3 Conc In Vapor Space | %NHgmay T76 % Constant
Variable Variable Vanable
Delta C Delta C Delta C
Time hours{ T sec | NH; mole/m®|  %NH, % LFL NH,
00100 36 9 062E 03 003 017
00183 66 1 659E 02 005 030
00333 120 3 009E 02 009 0 55
00817 222 5 540E 02 016 101
01033 372 9 220E 02 026 169
01750 630 1 543E 01 044 282
0332 1194 2 851E 01 081 521
0620 2232 5 086E 01 144 9 30
1035 3726 7 950E 01 225 14 54
227 8154 1 445E+00 410 26 43
335 12060 1 835E+00 520 3356
538 19362 2 275E+00 6 45 41 61
827 29784 2 559E+00 7 25 46 79
968 34860 2 624E+00 744 47 99
109 39300 2 661E+00 7 54 48 66
132 47640 2 7O0E+00 765 49 38
166 59580 2 723E+00 772 4979
417 150000 2 734E+00 775 50 00
Time to fili from 0% to
646 232605 2 734E+00 775 50 00{50% at 4gpm

U-5-104




DCRT
Case

244 U

5 (Story 1)

RPP-4941 Rev 0 Appendix G

Author;.&z,ééh7aﬂL Date ;Z,%/Qé Checked by @#b; Date | 1 26 /oo

Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U 108
Dilutton Ratio 01 Correction Factor for Schumpe Model 1
Recelving Tank 244 U

Liguid Waste Characternstics {Source Tank) Tank Charactenstics {(Recelving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 1524 |Percent Fill of Receving Tank % 50
Na*’ pg/mi 242999| [Volume of Vapor Space L 58700
Al ug/ml 32900| [Length of Waste Fall ft 6
Fe* pg/ml 33| [Inside Diameter of Receving Tank ft 12
cre pg/ml 1280| |Flow Rate of Waste gpm 4
Ni*? ng/mil 31| [Total Pressure in Vapor Space atm 1
K pga/mi 4010]| |Venhilation Flow Rate for Recewving Tank cfm 005
OH* pg/mi 49150| | Total Ventiation Flow Rate for Stack cfm 005
NO; ' pg/mi 181000| |Total Bubbler Flow Rate ofh 3
NO, ! pg/mi 130000| |Temperature of Air in Vapor Space °F 1618
CO;° ug/mi 22000| [Stream Diameter nches 1
PO,° pg/ml 3126| |{Tortuosity Factor unitless 1
S0, * pg/mil 4230| [Intial Concentration of NH, in the Vapor Phase [mole/m” 0
F' ng/ml 790/ |Surface Area of Still Waste m? 39 02
cl’ pg/ml 8940| |Fumigation Dwisor at 100 meters unitless 1
Lt ug/ml 0| [Non Fumigation Divisor at 100 meters unitless 1
Br' png/ml 0| [Correction Factor for Schumpe Model unitiess 1
%HH,0 % 50 02

Specific Gravity unitiess 14

Total Organic Carbon g/l 8 95

Cs 137 pCi/ml 416

Temperature °F 160
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Table U5-10 (Cont'd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages)
Source Tank [U 108 INPUT DATA Date 36538 58547 Revision OINH,
Dilution Ratio |0 1 g/
lon MW ol {moles/L) hi hi ci 1524
Na*t 2299 10 bgg787 011431 1 208126639|From Wersenberger & Schumpe (1986) moles/L
A" 26 98 122 02174] 0265102298 0 089485459
Fe* 55 85 0 00 01161 6 92235E 05
cr 52| 2 462E 02 00648| 0001595077 |Gas h{T) h(G0)
Ni*2 5871 b 323E04 01654| 880387E 05
K 3909 1 028E 01 00922] 0008458225|Ammoma 0 0 0481
OH' 17 0074 2 89 00839 0242464163 |Hydrogen 0299 00218
NO, ! 62 0049 292 00128 0037364871|Methane 0524 0 0022
NO,’ 46 0055 283 00795 0224646949
CO,;° 60 0092 0 37 01423 0052168715
PO, 94 9676 0 03 02119| 0006974576
50, z 95 0576 4 404E 02 01117 0004918832
F' 19| 4 1B8E 02 0092 0003825265
cl’ 35453] 2 B22E 01 00318] 0008018836
L 694 0 00 00754 0
Br' 79 916| O 000E +00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liguid density (kg/m3) 1400 000 deg F
T(C) 71 160
Tempearature
deg C
71 111111114
PNL 10785
Schumpe Schumpe pure water K |molfL{lig) atm [NH3
gmolesiL (kg )|h (G) Kwater/Ksalt  |[(mollkgwtr at |Henrys K Part P atm
Ammonia 0 089485459 00481 10 9847483| O 043660443 0 576535243 | 0 155212469
Hydrogen 3 559E 02 2 029E+01 7 422E-04{ 2562E 05| 0 0QO0QE+00
Methane 2 196E-02 3 956E+01 9 126E 04 1616E 05| O ODOE+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law

Equil NH3 Conc in Vapor Space %NHzmax) 15 52 % Constant
Vanable Variable Variable
Delta C Delta C Deita C
Time hours T sec NH3 mole/m® %NH; % LFL NH;
0 0100 36 1 812E 02 005 033
00183 66 3318E Q2 009 0 61
00333 120 6 018BE 02 017 110
00817 222 1 108E 01 031 203
01033 372 1 844E 01 052 337
01750 630 3 088E 01 087 564
0332 1194 5701E 01 162 10 43
08620 2232 1 017E+00 288 18 60
1035 3726 1 590E+00 4 51 2908
227 8154 2 890E+0Q0 819 5285
335 12060 3 670E+00 10 40 67 11
538 19362 4 551e+00 12 90 83 22
827 29784 5 117E+00 14 50 93 58
968 34860 5 248E+00 14 88 95 98
109 39300 5 322E+00 1509 97 33
132 47640 5 400E+0Q0 15 31 98 76
166 58580 5 445E+00 15 44 99 58
417 150000 5 468E+Q0 15 50 99 99
Time to filf from 0% to
646 232605 5 468E+Q0 15 50 99 99i50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammoma Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-V
Source Tank U 108
Dilution Rafio 01 Correction Factor for Schumpe Model 1
Receiving Tank 244 U

Liguid Waste Characteristics (Source Tank) Tank Characteristics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; Hg/ml 312| |Percent Fill of Receiving Tank % 50
Na*! ug/ml 242999 |Volume of Vapor Space L 58700
Al* pg/mil 32900| [Length of Waste Fall ft 6
Fe™ pg/mf 33| |Inside Diameter of Receving Tank ft 12
cr' pg/mi 1280/ |{Flow Rate of Waste gpm 4
Ni*2 pg/ml 31| |Total Pressure in Vapor Space atm 1
K? pg/mil 4010| |Ventilation Flow Rate for Recetving Tank cfm 005
OH' ug/ml 49150] |Total Ventilation Flow Rate for Stack cfm 005
NOg ' pg/mi 181000 | Total Bubbler Flow Rate cfh 3
NO, ' ng/ml 130000] {Temperature of Air In Vapor Space F 1718
CO;° pgfmi 22000| {Stream Diameter Inches 1
PO,* pg/mil 3126] |Tortuosity Factor urifless 1
80,° pg/ml 4230| |Intial Concentration of NH, in the Vapor Phase |mole/m” 0
F' ug/mi 790| |Surface Area of Still Waste m? 3902
clt pg/mi 8940| |Fumigation Divisor at 100 meters unitiess 1
Lt pLa/mi 0} INon Fumigation Divisor at 100 meters unitless 1
Br' pg/mi 01 {Correction Factor for Schumpe Model unitless 1
%H,0 % 50 02

Specific Gravity unitless 14

Total Organic Carbon g/l 895

Cs 137 pCi/ml 416

Temperature °F 170
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Table U5 10 (Contd) U-108 Ammeonia Calculations for Shum

Date i ‘;2,5 / 0D

e Worst Case (99 pages)

Source Tank |[U 108 INPUT DATA |Date 36538 58593 Reviston OlNH;
Dilution Ratio |0 1 ug/ml
lon MW ¢t {moles/L) hi hi el 312
Na*' 2299 10 569787 0 1143| 1 208126639|From Weisenberger & Schumpe (1996) moles/L
Al 26 98 122 02174 0265102298 0 018319858
Fe* 55 85 0 00 01161| 6 92235E 05
crt® 52| 2 482E 02 00648 0001595077 [Gas h(T h (G 0)
Ni*2 5871| 5 323E 04 01654| 880387€ 05
K 3909 1 026E 01 00922] 0009458225/ Ammonia 0 0 0481
OH' 17 0074 289 00839 0242464163 |Hydrogen -0 299 00218
NO; 62 0048 292 00128 0037364871 Methane 0524 0 0022
NO, T 46 0055 2 83 00795| 0224646949
€O, 2 60 0092 0 37 01423 0052168715
PO, 94 9676 003 02118 0008974576
§0,° 96 0576| 4 404E 02 01117 0004918832
F' 18| 4 168E 02 0092| 0003825265
cl’ 35453 2 B22E 01 00318 0008018836
L 694 0 00 0 0754 0
Br' 79 916| O OOOE +00 0 0269 0
Average
21 28963822 2064821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m?3) 1400 000 deg F
T{C) 77 170
Temperature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K |molfL{hq) atm [NH3
gmolesiL {Iiq ) h {G) Kwater/Ksalt  |{molikgwtr at {Henrys K Part P atm
Ammonila 0018319858 00481 10 9847483| 7 417920838| 0 472894004 | 0 038739882
Hydrogen 3 725E 02 1 870E+01 7536E 04| 2822E 05] 0000E+00Q
Meathane 2 487E Q02 3 430E+01 8 985E 04| 1 834E 05! 0 000E+00
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henry s Law

Equid NH3 Conc in Vapor Space %NH;max) 387 % Constant
Variable Variable Variable
Delta C Delta C Delta C
Time hours| T sec iNH; mole/m®|  %NH; % LFL NH;
00100 36 3 837E 03 11} 007
0 0183 66 7 027E 03 002 013
0 0333 120 1 275E 02 004 024
00617 222 2 349E 02 007 044
01033 372 3 913E 02 011 073
01750 630 6 569E 02 019 122
0332 1194 1 216E 01 035 226
0620 2232 2 183E 01 063 406
1035 3728 3 442E 01 099 6 40
227 8154 6 405E 01 184 11 90
335 12060 8 280E-01 238 1539
538 19362 1 055E+00 304 19 60
827 29784 1 217E+00 351 22 61
968 34860 1 259E+00 363 23 39
1089 39300 1 284E+00 370 23 85
132 47640 1 312E+00 378 24 39
166 59580 1 331E+00 383 2473
417 150000 1 343E+00 387 24 95
Time to fill from 0% to
64 6| 232605 1 343E+00Q 387 24 95|50% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadshest

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Mode| 1
Recelving Tank 244 U

Liguid Waste Charactenstics {Source Tank} Tank Charactenstics (Receiving Tank)

Parameter Units Value Parameter Units Value
NH; pg/ml 625| |Percent Fill of Receving Tank % 50
Na*! pg/ml 242999/ {Volume of Vapor Space L 58700
Al® pg/mi 328001 {Length of Waste Fall ft <]
Fe'® pg/mi 33| |inside Diameter of Receiving Tank ft 12
cr? pg/mi 1280/ |Flow Rate of Waste gpm 4
Ni*? pg/mi 31] {Total Pressure in Vapor Space atm 1
K pg/ml 4010| |Ventilation Flow Rate for Receiving Tank cfm 005
OH' ng/ml 49150| |Total Ventifation Flow Rate for Stack cfm 005
NO, ! pg/ml 181000/ |Total Bubbler Flow Rate cfh 3
NO,* pg/ml 130000 {Temperature of Air in Vapor Space °F 1718
COs* pug/mi 22000} |Stream Diameter inches 1
PO,° pg/mi 3126/ |Tortuosity Factor unitiess 1
80,7 pg/ml 4230| |Inttial Concentration of NH; in the Vapor Phase [mole/m” 0
F pg/mi 790! |Surface Area of Still Waste m? 39 02
cl’ pug/mi 89401 {Fumigation Divisor at 100 meters unitless 1
L pg/mi 0| {Non Fumigation Divisor at 100 meters unitless 1
Br' pg/ml 0| [Correction Factor for Schumpe Model unitiess 1
%H,0 % 5002

Specific Gravity unitless 14

Total Organic Carbon |g/l 895

Cs 137 nCimi 416

Temperature °F 170
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Table U5-10 {Contd) U 108 Ammonia Calculations for Shum

e Worst Case (99 pages)

Source Tank (U 108 INPUT DATA ]Date 36538 58631 Revision O{NH;
Dilution Ratio |01 ug/rni
lon MW ¢l (moles/L) hi hi ¢l 625
Na"* 2298 10 668787 01143| 1 208126639|From Weisenberger & Schumpe (1996) moles/L
AP 26 98 122 02174 0265102298 0 036698433
Fe™ 55 85 000 01161| 692235E 05
cr 52| 2 462E 02 00648 0001595077 |Gas h (T) h{(GO)
Ni* 5871| & 323E 04 01654| 8 80387E 05
K 3908| 1 026EO1 00922| 0009458225|Ammonia 0 0 0481
OH' 17 0074 2 89 00838| 0242464163 |Hydrogen 0299 00218
NO, T 62 0049 292 00128 0037364871 |Methane 0524 00022
NO, 46 0055 283 00795 0224646949
co;3° 60 0092 0 37 01423 0052168715
PO,* 94 9676 003 02119] 0006974576
SO, 2 96 0576) 4 404E 02 01117, 0004918832
F' 19( 4 158E 02 0092| 0003825265
ct’ 35453] 2 B22E 01 0 0318| 0008018836
TE 694 0 00 0 0754 0
Br' 79 916] © OOCE +00 00269 0
Average
21 28953822 2064821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T(C) 77 170
Tempearature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K |mol/L{lIiq) atm [NH3
gmoles/l (g )|h (G) Kwatar/Ksalt  [(molfkgwtr at [Henrys K Part P atm
Ammonia 0 036698433 0 0481 10 9847483| 7 417920838 | 0 472894004 | 0 077603929
Hydrogen 3725E 02 1 870E+01 7 536E 04 2822E 05| 0 0Q00E+00
Methane 2 487E 02 3 430E+01 8 985E 04 1 834E 05;: 0 O00E+00
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Table U5-10 {Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
on Henrys Law
Equil NH3 Cone 1n Vapor Space Y% NH3imax) 776 % Constant
Varnable Variable Varable
DeltaC Delta C Delta C
Time hours| T sec | NH; mole/m®|  %NH, % LFL NH;
00100 36 7 687E 03 002 014
00183 66 1 408E 02 004 0 26
00333 120 2 554E 02 007 047
0 0617 222 4 705E 02 014 087
01033 372 7 838E 02 023 146
01780 630 1 314E 01 038 244
0332 1194 2436 01 070 4 53
0620 2232 4 373E 01 126 813
1035 3726 6 896E 01 199 12 81
227 8154 1 283E+00 370 23 84
335 12060 1 659E+00 478 3082
538 19362 2 113E+00 609 39 26
827 29784 2 438E+00 702 45 30
968 34860 2 521E+00 726 46 85
109 39300 2 572E+00 7 41 4778
132 47640 2 629E+00 7 57 48 85
166 59580 2 666E+00 7 68 49 54
417 150000 2 690E+00 775 49 98
Time to fill from 0% to
64 6| 232605 2 690E+00 775 49 9850% at 4gpm
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Table U5-10 (Cont'd) U-108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Input Data for Henry s K calculation and the Dynamic Spreadsheet

244-U
Source Tank U108
Dilution Ratio 01 Correction Factor for Schumpe Model 1
Recewing Tank 244 )

Liguid Waste Charactenshcs (Source Tank) Tank Charactenistics (Receving Tank)

Parameter Units Value Parameter Units Value
NH; pg/mi 12501 iPercent Fill of Recemving Tank % 50
Na™ pg/ml 242999{ [Volume of Vapor Space L 58700
Al® pg/mi 32900} |Length of Waste Fall ft 8
Fe® ugiml 331 tInside Diameter of Recelving Tank ft 12
cr*? paimt 12801 {Flow Rate of Waste gpm 4
Ni*? ua/mi 31]{ |{Total Pressure in Vapor Space atm 1
K pg/mli 4010! IVentilation Flow Rate for Receiving Tank ofm 005
OH' ugiml 49150] |Total Ventilation Flow Rate for Stack cfm 005
NO * pg/ml 181000| | Total Bubbler Flow Rate cth 3
NO, ' ng/mi 130000/ [Temperature of Air in Vapor Space °F 1718
COs° rg/mi 22000| |Stream Diameter inches 1
PO.° pg/mil 3128| |Tortuosity Factor unitiess 1
S0,° ug/mi 4230/ [Initial Concentration of NH; In the Vapor Phase [mole/m” 0
F! ug/mi 790/| |Surface Area of Still Waste m? 39 02
cl’ pg/mi 8940| |Fumigation Divisor at 100 meters unitless 4
Lt pg/mi 0! {Non Fumigation Divisor at 100 meters unitless 1
Br' ug/mi 0} iCorrection Factor for Schumpe Model unitless 1
%HL0 % 50 02

Specific Grawvity unitless 14

Total Organic Carbon |g/l 8 85

Cs 137 uCimi 416

Temperature °F 170
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5 (Story 1}

RPP-4941 Rev 0 Appendix G

Author, L&’-ﬁ_@_—%ﬂm Datey Zg %DbChecked by C'QD

9):1/‘\' Date ('2@{(‘53

e Worst Case {99 pages)

Source Tank {U 108 INPUT DATA |Date 36538 58658 Rewvision O[NH3
Dilution Ratio j0 1 ugimi
lon MW cr {moles/L) hi hi o 1250
Na*’ 2299| 10 662787 01143| 1 208126639(From Weisenberger & Schumpe (1996) moles/L
AT 2698 122 02174| 0265102208 0 073396866
Fe® 55 85 000 01161| 6 92235E 05
crt 52| 2 462E 02 00648 0001595077 |Gas h(T) h(G0)
Ni*2 5871| B 323E04 0 1654| B8 B0387E 05
K" 3909 1026E01 00922| 0 009458225|Ammonia 0 0 0481
OH ' 17 0074 289 00839] 0242464163 |Hydrogen 0 299 -0 0218
NO, ! 62 0048 292 00128] 0037364871 |Methane 0524 0 0022
NO,’ 46 0055 283 00795 0224646949
CO3° 60 0092 0 37 01423| 0052168715
PO,° 94 9676 003 02119 0008974576
$0,° 96 0576| 4 404E 02 01117 0004918832
F! 19| 4 168E 02 0092 0003825265
cl' 35453 2 B22E 01 00318 0008018836
T 694 0 00 00754 0
Br' 79 918| 0 O00E + 00 0 0269 0
Average
21 28963822 2 064821709
Mass fraction water in lig 050 Temperature
Liquid density (kg/m3) 1400 000 deg F
T (C} 77 170
Temperature
deg C
76 66666667
PNL 10785
Schumpe Schumpe pure water K |mol/L{liq) atm [NH3
gmoles/L {hg )ih (G) Kwater/Ksalt  [{molkgwtr at [Henrys K Part P atm
Ammonia 0 073396866 0 0481 10 9847483| 7 417920838| 0 472894004 | 0 155207859
Hydrogen 3 725E 02 1 870E+01 7 536E 04| 2822E 05| 0 O0DE+00
Methane 2 487E 02 3 430E+01 8 985E 04| 1834E 05| 0 000E+00
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Author oS- Mz7-- Date 4/.2/4/00 Checked by% pDate_ | lQ = gr@c‘)

244 U
5 (Story 1)

Table U5-10 (Cont'd) U 108 Ammonia Calculations for Shumpe Worst Case (99 pages)

Max NH3 Conc Based
onh Henrys Law

Equil NH3 Conc In Vapor Space %NHsmax) 15 52 % Constant
Vanable Vanable Vanable
Deita C Delta C Deita C
Time hours| T sec NH; mole/m®|  %NH; % LFL NH;
00100 36 1537€ 02 004 0 29
00183 66 2 815E 02 008 052
00333 120 5 107E 02 015 095
00817 222 9 411E 02 027 175
01033 372 1 568E 01 045 291
01750 630 2 628E 01 076 4 88
0332 1194 4 871E 01 140 9 05
0620 2232 8 746E 01 2 52 16 25
1035 3726 1 379E+00 397 2563
227 8154 2 566E+00 739 47 68
335 12080 3 317E+00 9 55 61 64
538 19362 4 225E+00 1217 78 52
827 29784 4 876E+00 14 04 90 60
968 34860 5 Q43E+0Q0 14 52 93 71
109 39300 5 143E+00 14 81 95 57
132 47640 5 258E+00 1514 97 70
16 6 59580 5 333E+00 15 36 99 09
417] 150000 5 380E+00 15 49 99 96
Time to fill from 0% to
64 6] 232605 5 380E+00 15 49 99 97|50% at 4gpm
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Author <2 & _ﬂ% . Date ! /R&/e0 Checked by _ L\ Date | [70 Joo
C) U

SUMMARY:
DCRT 244-U Calculations based on tank 241-U-106
CASE 6 - the inhai condition of the tank 1s 0% full
- this model calculates the remainder untl fill 1s hit at 80% full
with pumping rate inshally of 4 gpm to 40% full
- immediate change in pumping rate of 4 gpm with no chance
to come to steady state H2 concentration
INPUT SUMMARY:
General Data
i mole
DCRT Ventilahon Rate vr=3 OOO-i;r— Nitrate Concentration NO;=3 760?1-;;
Saltwel! Waste Specific Gravity p = 1350 mole
b Nitrte Concentration NO, = 2020
Radiolytic Power of Waste wastepower = 0 000 3 liter
ft sec
mole
Intal DCRT H, nventory volggy = 0000 i Aluminum Concentration Al=0 420E
[1]
? —
Hz Inventory Based on CGM flagegn = no TOC Concentration TOC =37 470-]-5-'1
iter
CGM Measurement CONCL Ry, cgmo = 0 000 %LFL
N Ammonia Concentration NHj = 0 000 %LFLyp;3
DCRT Waste Temperature T =300950K Methane Concentration CH, = 0 000 %LFL cggq
Peniod 1
Iniral Flow Rate flow=4 OOOE"-I— Time Pumped at Intal Flow Rate tune = 52 000 hr
nn
ol
Hydrogen Carryover Rate  gr.; o = 3 297 x 1072 mole Inibal Fill Factor o 0000%
- hiter tvol
PE
or  gru=0 OZGE
Penod 2
Second Flow Rate flow, = 4 ooo-gﬂ Time Pumped at Second Flow Rate ~ im2 = 52 000 hr
min
ﬂ'_3 tVOlmnz
Hydrogen Carryover Rate  gr, ., =0 0265 Intial Fill Factor o 40 240%
Ql
Process Engineenng
U-106 to 244-U-H2 case 6-hf med CH2M HILL

Mathcad V2000+
U-6-2
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Alﬂho"ﬂ_yn% Date _QQ‘%AQ_O_

OUTPUT SUMMARY:
Penod 1
gal
Inittal Flow Rate flow = 4 000 =—
min
Oyt
Inthal Fill Factor =0000%
tvol
Inihal Fill Volume  tvol,,, = 0 gal

Inibal H2 Concentration (%LFL) 1h2c = 0 000%
Fial H2 Concentration (%LFL) fh2c =1223%

Ultimate (ss) H2 Concentration (%LFL) uhh2cl = 6 359%

Date ‘(2" /°°

Checked by A\ ?{("x—
() U

Time Pumped at Inital Flow Rate tume = 52 000 hr

Final Fill Factor fif = 40 240%

Final Fill Volume ffv = 12480 gal

Final Flammable Gas Concentration (%LFL) ffge = 1223%

Ulimate (ss) Flammable Gas Concentraton (%LFL) uhfgel = 6 359%

Penod 2
Second Flow Rate  flow, = 4 000 &l
min
tvol
Inhat Fill Factor 2 o 40 240%
tvol

Inbal Fill Volume  tvol,,5 = 12480 gal

Inhal H2 Concentration (%LFL) th2c¢2 = 1223%

Final H2 Concentration (%LFL) fh2c2 =4 148%

Ulbmate (ss) H2 Concentraton (%LFL)
uhh2c¢2 = 10 720 %

Maximum %L.FL with Loss of Ventlation

Time to Reach 25% LFL with Loss of Ventlation

Time to Reach 50% LFL with Loss of Ventllation

Time Pumped at Second Flow Rate  im2 = 52 000 hr

Final Fill Factor fif2 = 80 479%

Final Fill Volume fiv2 = 24960 gal

Final Flammable Gas Concentration  ffgc2 = 4 148%

Ultimate (ss) Flammable Gas Concentration (%LFL)
uhfge2 = 10 720%

LFLiat prosthung = 196 139%
Tlmez_zs%LFL = 16412 day

Time; 50 410 = 48 752 day

Time to Reach 100% LFL with Loss of Ventlation  Time, jggeqzy, = 134 509 day

U-106 to 244-U-H2 case 6-hf med

Process Engineenng
CH2M HILL
Mathcad V2000+
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Date //.26,/09 Checked by ,‘:\J\

Author M%&.& kga-\.

L

Hardord Growp e

Determination of Headspace Gas SA Barker

Concentration in a Vertically Oriented DCRT...

Input Data
DCRT 244-U Modified for 244-U DCRT Vault Case
Input diameter of DCRT (d) CASE 7 (Ventlation rate of 3 cfh) Use Vertcal
s DCRT for model Wetted surface area set
Loun at1302sq ft
Input length of DCRT (L)

R R e et

Input rate at which the DCRT fills (flow) (mmimmum should be a touch gereater than 0,1 e 1x10-)
L et
sbiodtao Bieh or TUTERINR, 5
e
Hagher Input flow rate

% 33@?%%%% % 9.3 1
g flowy = 2228x 10 T ses

TR AR

ot
)

flow
P
™

ﬂOWz

g

Assume DCRT has flat ends

=8021x 1078

flow = 2 228 x 107 sec !

=8021x 1078

Calculate total DCRT volume (tvol)

2
tvol =L = (E)
2

tvol = 11363 f*
Volume of fill at start of pumping

e SR

3 RO PRt
ol 9AT o
e R e Y

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

[Eqgn 1}

tvoly, = 3 318 x 10°R°

S

Me i

Frorkios Rt R L
Time at pumping rate 2

R e

L
Volume of fill at start of pumping rate 2

tvoly = tvol,y, + time flow tvol, = 33184

Date i'%ZOa

Process Engineenng

Vault—U-103 to 244 U DCRT hf med

y-7-2

CH2M Hil.L
Mathcad v2000+
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Authoroﬁ & MWT»« Date Ma?ézao Checked byéxb '?:{.jgf\

volyp = li[ﬂagcgm = "yes",cONCYy ogm (tvol - tvolum),voll.mJ
volyz =0 000£° <===z= |nital volume of H2 in Headspace
[+
Input Ammoma Concentration

{Reference )

i}m‘o :

Input Methane Concentration

S e, o g.é»m o s
%&M‘m (Reference )
End of Input Section

Calculations:

Calculate DCRT headspace volume (hvol, a function of time)
hvol(t) = tvol — flow t ~ tvol,y, hvol(lm) = 8 045 x 10°f°

2
Wetted area of full DCRT (horzontal orientation) (ft?) 2n (—g) +m dL=40148

Wetted area of vertically oriented DCRT (ft?)

% flow t + tvol a2 4 (ﬂowt + tvolm)
|=| +ad———— =2 | =| +
d)? d
x| =

2
Awet(t) = 1302 f*

Wetted area of full DCRT (vertical orientation) (ft2) Awet(lm) = 1302 x 10°f?
Awet(0 hr) = 1302 x 10°#° Check the answers
Awet(1 hr) = 1302 x 10°f? Awet(hm) = 1302 x 10° £

Vault-U-103 to 244-U DCRT-hf med

U-7-3

[Eqn 4]

[Eqn 8]

[Eqn 8]

[Eqn 9]

Process Engineering
CH2M HILL
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Author ﬂ%&_ Date gzozgzgo Checked by éﬁg.’b\}—w Date 4[2¢ o0

Calculations:
Calculate DCRT headspace volume (hvol, a function of time)
hvol2(time) = tvol — flow, tume — tvol 0 hvol2(hm2) = 8 045 x 10°#° {Eqgn 4]

Wetted area of vertically orrented DCRT (f2)

2 2
d flow, t + tvolyun d 4 (flow, t + tvolp,
ol QY g g2 Vo (Y, ( ) [Ean 8]
2 a\2 2 d
ﬂ —
2
Awet(tt2) = 1302 [Eqn 9]

Wetted area of full DCRT (vertical orentation) (ft2)Awet(hm2) = 1302 x 10°f2

Awet(0 hr) = 1302 x 10°f? Check the answers
Awet(1 hr) = 1302 x 10°fi%

Awet(lm2) = 1302 000£°

Average characterizations for NO;, NO,, Al, TOC (molar, molar, molar, grams/liter)

N Ni
-—-03—=3180 —02=3020 Al =1200 Toc =12781
mole mole mole gm
lnter hiter Iiter liter
Process Engineering
Vault—U-103 to 244 U DCRT-hf med CH2M HILL

Mathcad v2000+
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AUthOf;‘Mﬁ&:?ﬁ:s_ Date __'Lé/__f L&/ OO

Date \ !2&[9_‘)_

Checked by @%.

SUMMARY:
DCRT 244-U Modified for 244-U DCRT Vault Case
CASE 7 {Ventilation rate of 3 cfh) Use Verhcal
DCRT for model Wetted surface area set
at 1302 sq ft
INPUT SUMMARY:
General Data
i mole
DCRT Ventlation Rate wr=3 OOOE Nirate Concentration NG, =3 180 :
1ter
Saliwell Waste Specific Gravity p = 1410 mole
b Nitnte Concentration NO, =3 020
Radiolytic Power of Waste wastepower = 1481 —— liter
ft sec
mole
Inttal DCRT H,, Inventory volggy = 0000 I Aluminum Concentration Al=1200 -
0
P — 1
Ha Inventory Based on CGM?  flaggg, = no TOC Concentration TOC = 12781 —l-i%
CGM Measurement CONCLF, egmo = 0 000 %LFL
- Ammonia Concentraton NH; = 14 850 %LFLyys
DCRT Waste Temperature T=304250K Methane Concentration CHy = 0 000%LFL gy
Period 1
Inthal Fiow Rate flow = 1 000 x 10“6ﬁl— Time Pumped at Intal Flow Rate  time = 1 000hr
mn
ol
Hydrogen Carryover Rate gr,; ot = 0 000 mole Inial Fill Factor 22 = 29200%
- liter tvol
iy
Or  gra=0000—
Penod 2
Second Flow Rate flow, = 1 000 x 10‘tsﬂ Time pumped at Second flow rate  hm2 = 1 000hr
min
ﬁ3 tVOIIn.ItZ
Hydrogen Carryover Rate  gr,.;» = 0000 o inthal Filt Factor = 29200%
tvol

Vault—U 103 to 244-U DCRT-hf med

U-7-5
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Date (‘ 26( Pnn

OUTPUT SUMMARY"
Perod 1
Inibal Flow Rate flow = 1000 x 10“6% Time Pumped at Inital Flow Rate time = 1 000 hr
inthal Fill Factor wt:i‘;"t = 29200% Final Fill Factor £if = 29 200 %
Intial Fill Volume  tvol,,,, = 24820 gal Final Fill Volume ffv = 24820 gal

Inhal H2 Concentration (%LFL) 1h2c = 0 000%

Final H2 Concentration (%LFL) fh2c =4 794 x 1073 9% Final Flammable Gas Concentration (%LFL) ffgc = 14855%

Ulimate (ss) H2 Concentration (%LFL) uhh2cl = 12791 %

Ultimate (ss) Flammable Gas Concentration (%LFL)  ubfgel =27 641%

Period 2
Second Flow Rate flow, = 1 000 x 10“ﬂ Time pumped at Second Flow Rate lim2 = 1 000hr
min
tv°11mt2
Intial Fill Factor vl = 29200% Final Filt Factor 2 = 29 200%
)
Izl Fill Volume  tvoly,,» = 24820 gal Final Fill Volume ffv2 = 24820 gal

Inhal H2 Concentration (%LFL) th2e2 = 4794 x 1073%
Final H2 Concentration (%LFL)  fh2¢2 = 9585 x 10°3% Final Flammable Gas Concentration (%LFL) ffgc2

Ultimate (ss) H2 Concentration (%LFL) uhh2c2 = 12 791 %
Ultimate (ss) Flammable Gas Concentration (%LFL)  uhfge2 = 27 641%
Maximum %LFL with Loss of Ventlation  LFL; proattung = 27 539%

Time to Reach 25% LFL with Loss of Ventilation Timey 55 451, = 0 000day
Time to Reach 50% LFL with Loss of Ventlation Time, 5o 4z, = 10 000 x 10%day
Time to Reach 100% LFL with Loss of Ventlation Time, yogvr, = 10000 x 10°day

= 14 860%

Process Engsneening

Vault-U-103 ta 244-U DCRT-hf mcd
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