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As described in RPP-4941, the overall mass transport coefficient for steady state can be written 
in terms of the mass transport coefficient in vapor phase h, and in liquid hl as: 

1 
1 K RT --+H 

h= 

hf h, 

with 

and 

where: 
p, = DensityofGas 
D, = Diffision Coefficient in Gas Phase 
pg = Viscosity ofGas 
S, = SchmidtNumber 
G = Gravitational Constant 
AT = Delta temperature between waste surface & gas 

R, = Thermal expansion Coef. of Gas 
Lc = Characteristic length( 1/4of Diameter) 
G, = GrashoffNumber 
h, = Vapor Film Coefficient. 
DL = Diffusion Coefficient in Liquid Phase 
p~ = Density of Liquid 
PL = Viscosity of Liquid 
I ~ L  = Thermal Expansion Coef of Liquid 
hL = Liquid Film Coefficient. 

The last column lists the typical values used in the calculation of h 

E- 1 

kglm3 
m2/s 
kglm-s 
(none) 
m/S2 

“IC 
(W’’ 
m 
(none) 
m/S 

m2/s 
kg/m3 
kg/m-s 

m / S  

(W’ 

1.17 

2.50 E-05 

2.0 E-05 

6.84 E-01 

9.8 

1 .oo 
3.30 E-03 

5.7825 

2.14 E+10 

0.001586 

2.8 E-09 

1300 

6.82 E-04 
3.02 E-04 

5.3047 E-06 



RPP-5926 REV 2 

This page intentionally left blank 



RPP-5926 REV 2 

APPENDIX F 

WASTE ADDITION STUDIES: CALCULATION OF HYDROGEN GENERATION 
RATE CALCULATION, AMMONIA MASS TRANSPORT PROPERTIES, 

FLAMMABILITY LEVELS, AND TIME TO REACH 25% AND 100% OF THE LOWER 
FLAMMABILITY LIMITS 
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APPENDIX G 

MATHCAD MODELS FOR THE STEADY-STATE FLAMMABLE GAS RELEASE 
RATE CALCULATION AND LOWER FLAMMABILITY EVALUATION FOR 

MONTE CARLO ANALYSIS 
HANFORD TANK WASTE SINGLE-POINT MODEL AND 
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G.0 Peer Review Summary 

Appendix G consists of this summary section and 10 MathCAD Models. The first nine models 
are in groups of three. 

The models 

8 “RPP-5926 Rev. 2: 01 Calculation of Mass Transport Coeficient “h” for Soluble Gas”, 
8 “RPP-5926 Rev. 2: 02 Decay Heat Generation Rate Based on Radionuclide Data”, and 
8 “RPP-5926 Rev. 2: 03 Hydrogen Generation Rate Calculations Single-Point Calculation” 

are samples of the models used to check the calculations presented in Appendices B, C, and D. 

The models 

8 

8 

8 

are the same models except with the waste diluted with water as presented in Appendix F. 

Finally, the models 

8 “RPP-5926 Rev. 2: 07 Calculation of Mass Transport Coeficient “h”for Soluble Gas”, 
8 “RPP-5926 Rev. 2: 08 Decay Heat Generation Rate Based on Radionuclide Data”, and 
8 “RPP-5926 Rev. 2: 09 Hydrogen Generation Rate Calculations Single-Point Calculation” 

are the same models except with the waste diluted with additional supernatant liquids with the 
same properties as the supernatant originally present in the given tank as presented in 
Appendix F. 

The model 

“RPP-5926 Rev. 2: 04 Calculation of Mass Transport Coeflcient ”h” for Soluble Gas”, 
“RPP-5926 Rev. 2: 05 Decay Heat Generation Rate Based on Radionuclide Data”, and 
“RPP-5926 Rev. 2: 06 Hydrogen Generation Rate Calculations Single-Point Calculation” 

8 “RPP-5926 Rev. 2: I O  Hydrogen Generation Rate Calculations” 

contains the Monte Carlo Calculation for Tank 241 -AN-1 04 as presented in the report 
Section 4.6 “Uncertainty Analysis: Tank 241-AN-104 As An Example”. 

In order to make it easier on the reader, Table G-1 compares the results &om the MathCad 
calculation to the results in the appropriate appendix, and where each of the corresponding 
values can be found in the report. 
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Variable Name 

Notes: atm = atmospheres. LFL = lower flammability limit. 
efm = cubic feet p a  minute. 
HGR = hydrogen generation rate. 
L = liter 
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G.l RPP-5926 Rev. 2: 01 Calculation of Mass Transport Coefficient "h" 
for Soluble Gas -- 241-AY-102 

CHZMHILL SA Barker 

Calculation of Mass Transport Coefficient 
"h" for Soluble Gas 

241-AY-102 
References 

Hu, T. A., S. A. Barker, D. C. Hedengren. M.A. Kufahl. 2001, "Steady-State Flammabb Gas Release Rate 
Calculation and Lover Flammabikty Level €va/uation for Hanford Tank Waste", RPP-5926. Rev. 1 , 
CH2MHILL Hanford Group. Inc.. Richland. WA. 

Input Data 

Constants 

pg:= 1.17.g 
3 m 

2 
Dg:- 250 x 10 .- - S  m 

s 

- 5  kg p&:= 2.0-10 .- 
m.6 

m 
2 

g - 9801 - 
E 

A T : = l . K  

3 1  pg:- 3.30.10- .- 
K 

4 :- 5.7823.m 

2 
DL:- 2.8.10-9.5 

I 

k.3 p ~ : =  130&- 
3 m 

Density of gas 

Diffusion coefficient in gas phase 

Viscosity of gas 

gravitational number 

Temperature difference between waste surface and gas 

Thermal expansion coefficient of Gas 

Characteristic Length (114 of Diameter) 

Diffusion Coefficient in Liquid Phase 

Density of Liquid 

+ 

Author: Date: , W 
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Viscosity of Uquid 

Thermal expansion coefficient of Liquid - 4  1 PL:= 3.02.10 .- 
K 

MW"3 := 17.0307.- gm 
mol 

Molecular Weight of Ammonia 

L 
~ ~ c h u m p e - m ~ l  := -o.o~%i.- mol 

Schumpe Model Coefficient 

Read Waste Information From "~CALInputDataOlOS29.xls" 

IData :- 

C:\. .\NH3CALI nputDataO10829.xls 

Find Waste Properties 

TFIl :I seat.ch(Tank_id,"-" .l) 

TankFafm:- subrt.!(Tank-id.TFIl + I ,2) 
TFIl = 3.000 

TankFm = "AY" 

TankNamcr3 := stacKTankNmcs1 .TankNmerZ) 

jl := 1 .. 177 

nal. .= jl 
11 

From (Bingham 2000) 

Find The Appropriate Tank Spedfie Information: 

fil := FindInde<TenkNamed ,Tank-i@ 

fil - (::o:) 

tank&:= fill + 1 

classwte := $(fill < 29),"dst" . " $ S t "  

class,t, = "dst" 

tank& - 24.000 

1 
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3' 
4 

I 
8 

4 

2 

9 

8 

3 

9 

I 
! 

8 /  

comp :. 
c o  

mL 

-- 
5 -  P?m 

a"&+' 

'AL+3" 
'Fe+3" 

T*3" 
'Ni+2' 
"K+" 
"OH-" 
8 ~ 0 3 . "  
"NO2." 

"CO3-2" 
8'm43" 
"5042" 
"F.' 
.CI." 

Co . 

Component 

mL 

Concentration 

Ai 3 VOlk&drpm :- i04939.f~ ............................................................................................ 

Qmd vent :- vmnt-mts ............................................................................................ AH - 

Author: , Date: ?// 2/@a 
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Tbadrp~c-c  :- IDat*t4,21'C Thadspace :- (T~&dspscc-c + 173.1S).K 

T,tc :- (Twts-c + 273.l$K 

........................................................................................ An. 

Tbbbspace  - 194.549K 

T,te - 309.817K 

KH-sohcon-fact = 1.100 

time of interest 

Calculations 

Schmidt Number 

e3 s, := - 
Dg.Pg 

S, = 0.683761 

GrashoNNumber 

2 3  

2 

10 

S P g P g  .4 .AT 

h 
Gr :- 

Gr - 2.141 x 10 

Film Coefficient - Vapor 
I - 

D 

4 
%:= O.l5.~.(Sc.C+) Vapor Film Coefficient 

-3m k - 1 . 5 8 7 ~ 1 0  - 
s 
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Film Coefficient - Liquid 
1 I - 
3 - 

Liquid Film Coefficient 

- 6 m  h L - 5 . 3 0 6 ~  10 - 
6 

sum ci - 
13 cOi c,, 

i = l  1 c,, :- - 
1000 

mol 
3 m 

c,, - 3555 - .............................................................................................. x 

sum c; x 

13 Coi 
--.Hi 
mwi 

i -  1 
CH,,:= 

10M 

mol CHsm = 0.430 - 
3 m 

................................................................................................ Y 

I&O In Water =EXP(-8.0964+3917.5/(273.15+w3)-0.003- 
14*(273.15+w3)) 

,00314.- 
K 

KH 0 = 35.707 .............................................................................................. z - 

KHo In Solution =DIPOWER(lO,Y3+Ei*$I~)*AP3 
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.AB mol 
K"21.617- 

L. a h  

Ammonia Concentration 

kg [ N H ~ L ]  - 0.074 - 
3 m 

[ "3LI 
[ NH3liq]:= - 

MWNH3 

- 3 mol - 
L 

[ NH3@] = 4.327 x 10 

Ammonia Partial Pressure 

KH 
OUtPU$ := - 

XMl 

[ "3~q1 
output5 := 

mOl 
L 
- 

~ ~ ~ 3 = 2 . 0 0 2 ~ 1 o - ~ a ~  ............................................................................................ AE 

Molar Volume 

L Thcsdspace V,Z 22.4.--. 
mol 273.15.K 

mOl 
.AG L 

mol 
Um = 24.154842 - ........................................................................................... 

Steady-State Ammonia Concentration 

- 7 mol 
[ NHSs] = 1.77427 x 10 --- ................................................... 

L 

Eauivalent Steady-State Ammonia Concentration In Liauid Phase 

.AF 

[ NH3ss keq] :- KH.V,[ NH3ssI-P 

[ NH33,-keq] - 9.264 x 10 

- 
- 5  mol - 

L ................................................................................... .Al 
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Mass Transport Propexties 

hA 
OUtPU$ :- - 

C f m  

["~ssI 
1 ~ 3 1 i q i  - 1 N H ~ ~ , - ~ ~ ~ I  

AK 

hA 1- Qmnd-wnt .  

hA - 0.010474cfm ............................................................................................ 

Steady-State Release Rate At Normal Ventilation Conditions 

n s s  - ~ r n  := h~.([NH3Iiql  - KH.[NW-ss-~mcl.P).Vm 

ws"ssmrn - 1.071 x 10 
-3  cfm ................................................. 

Off-Nomal Barometric Vent Rate 

% 
Q o i ~  n o d  vent :E . 4 5 - - . v 0 l h d $ ~ ~ ~  

o,328 c*. ............... 
Qoff-md-vent - 

h Y  - - 

Off-Normal Constant. k, And kz 

Qoff-mrmal-~nt + ( ~ A - K H . P % )  

volheadspsce 
kl := 

- 5  1 kl = 5.524 x 10 - ................................................... 
min 

-10 mol 
Q = 4 . 3 1 9 x  10 - 

L.min 

.AL 

............ AM 

.AN 

b 
output1 := - 

UlOI - 
L . 6  

.................. .A0 

Off-Normal Ammonia Partial Pressure 

P"3-on = 1.88866 X 10- 4.tm ....................................................................................... AP 

- = 188.866ppm AQ 
PNH3-m 

a h  
............................................................................................ 
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Steady-State Release Rate At Normal Ventilation Conditions 

wsspff-~m:- hA. [NH3liq] - 

- 5  
( 

 off-^^ = 6.194 x 10 cfm 

Ammonia Concentration At Time, t 

[NH3t] :-[: + ( [ N H 3 4  - ~).elp(-l.k~~t)]-V,IO 6 ‘ppm 

[NH3t] - 177.463ppm .............. 

Ammonia Diffusion Rate At Time, t 

(L. a h )  
KRT :- Twte .K~,0 .082 . -  

mo1.K 

KRT - 549.173 

.AR 

. AU 

.AV 

Film Coefficient - Liquid At Time t 
1 I - 

- 6 m  hLt = 5.049 x 10 - .............................................................................................. 
I 

Film Coefficient - Vapor At Time t 
1 - 

% :-0.15.2.(Sc.Gr) D 3 

r, 
Vapor Film Coefficient 

.AY 3 m  % = 1.587 x 10- - ........................................................................................... 
S 

Author: Date: &/?,’& 
/ -  I 
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Film Coefficient - Overall At Time t 

1 
1 KRT 

h := 

+ -  - 
Overall Film Coefficient 

Az h=1.838x10 - ............................................................................................ -6m 
S 

Surface Area 

2 area := w(37.5.A) 

m a  = 4.418 x Id ft 
hxA := h-area 

hxA-1.598cfm ............................................................................................ BB 

BA ............................................................................................ 2 

Effective Surface Area IpercentJ 

............................................................................................ BC elTjA = 0.655% 
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Ammonia Concentrations As A Function Of Time 

i r  1L22 

-30 

-20 
-10 

0001 
.5 

3 

5 

10 

IS 
30 

35 

50 

70 
90 

110 

120 

125 

127 

130 

135 

140 

i45 

hA = 0.010 cfm 

- 3 mol - 
L 

[NH3@] = 4.327 x 10 

mol 
KH = 21.617 - 

L. a h  

L V, - 24.155 - 
mol 
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220 I I I I I I I I 

210 - 
200 - 
190 - 
180 - 
170 - 
160 - 
IS0 - 

NH3i 

PPm 130 - 
120 - 

1 110 - 
cfm 100 - 

90 - 
timei 80 - 
hr 70 - 

60 - 
50 - 
40- 
30 - 
2o -............% - 

10 - 
0 -  

I 
I 
I 
I 
I 

140 - I 
I 
I 
I 
I 
I 
I 
I 
I 

- 
- 
- 
- 
- 
- 
- 

- - 
- - - 

R R ~ . . l O O O  - 
- 

..... - 
- - - 

- .  - 
- 
- 
- 

- ...................................................................... - 
I I I I I I I I 

-1°-30 -10 10 30 SO 70 90 110 130 150 

Output Resulls To Datafile "rpp5926~r2~O1~NH3C4LOutpu10ala0020203.xis" 

Output = output 
0.010 

21.617 

24.155 

E 
C:\. .\rpp5926-R-Ol -NH3CALOutputDataO020203. XIS 

Author: ,&&L Date: & 
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6.2. RPP-5926 Rev. 2: 02 Decay 

mH2MHll 
Hanfard Group, 

ition Rate -- Based on Radionuclide Data, 
Y-102 

uecay Heat Generation Rate 
Based On Radionuclide Data SA Barker 

Reference: 

Ret Kirkpatrick. T. D.. and Brown, A. C., 1984. Basis and Values for Specific Activity and Decay Heat 
Generation Rates for Selected Radionuclides, RHO-SO-RE-TI-131. Rockwell Hanford Operations, 
Richland, Washington. 

Brine In The Radionuclide D 

M := READPRN("e4re-ti-131.pm' 

lata From SD-RE-T! 

k e y V V V V V V V V V V V V V V V V V V V V V  
O==> half-life (days); 
2==> Atomic weight (gm/! 
3==> Specific Activity (dpi 
5==> Decay Heat General 

1==> half-life multiplier lox  (days); 

mlgm); 4==> Specific Activity multiplier lox  (dprdgm); 
tion Rate (watt/Ci) 6=> Decay Heat Generation Rate multiplier I[ 

im-mol); 

91 

95 

95 
95 
95 

99 
103 
103 
103 

M =  

Author: /A4 

6.69 
_1 co 

lx (WattlCi) 
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j := 0 , l . .  61 

naj := j 

k:=O. .3  

kk:= 0..3 

namc := augmcnt(na,mc) 

fa cxccl := 

C:\..FGS Input 020: 

1020203 .xis" 

144.373 
1.371 

, 4  0 0 0 0 0 

5 0 2.581.104 9,444,104 2.368.106 1.604.104 
6 0 2.581.1 04 9.444.1 04 2.368.1 05 1.604.1 O4 

7 0 2.581.104 9.444.104 2.368.105 1.604.104 
8 0 2.597.103 1.641.105 1.673.105 2.995.104 

- 
82.911 

t 
220.1 9: 

- 
- 
- 

214.404 
277.71 4 

351.89C 

~ 

- 

Tank-id := "241-AY-102" 

... The following data is from Hu 2031 b. except where noted 

tanki&T := 68 

tankid& := t&&T + I 

:= tanki&T + 2 

dxT ~(7-1) 

G-16 
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volmste := 

1 .lo- 12 p.Ci .- [ 9031 := 
c x c e ~ ~ . ( 6 - l )  

5329 X lo3 

1-10-9 
.Mo.L 

exccb&~ ,(9-l) 

.- 

1 

Pwartc := 

excc&&~ ,(9-O 

1 excebnk,~ ,(9-l) i 

Author: ,//A Date: b/$hZ 
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Find the appropriate radio-isotope sDeeifc information: 

FindIndex(M , key) := r t r o w s ( ~  - 1 

c t cols(M) - I 

i t 0  

wide (j 5 c).(Mi,j f key) 

i t i + l  if i c r  

otherwise 

Io othenvise 

("l37Cs" 
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1.21 X 10" 
SA = 

3.08~ 1014 

( 30.171 ) ("137Cs" 

dpm - 
gm 

4.79s x 10- 6 

28.601 

" 137Ba" 
h*-wc = 1 /F nameisotope = I ,,90s,,, 

( 0.007 ) 

clisotopc = 

(s.45 x 10s) 
1.01 x 10-3 

0.019 

"90Y" 

"137Cs" 

137Ba" 1 "90F' 
("137Cs" 

nameisotope = ,,90Sr" 

"137Ba" 

"90%" 
nameisotope = 

("137Cs" ) 

0 

heat-load = I 282 l w a n  
(3.611 X lo4) 

G-19 
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"137Cs137Ba" 
nameisotope = 0 ,,90smT,, 

S A , = (  168.468 )- Ci 
U1928 gm 

heat-load2k := volwast~pwastck. [ ([ 137C~137Bal)~.q2is0t0pe~ + ([ 90Sr90Yl)k.q2isotopel] 

heat-load2 = [ ,",, )watt compares to  ==> heat-load = 

3.639 X IO4 

3.611 X IO4 

1.242 X IO5 1.241 X 10' 

mBm 1- hr 1.231 X 10' 

heat-load2 = [ 1. heat-load = [ 962 542 961.482 

1.232 X IO' 

Author: Date: 

G-21 
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G.3. RPP-5926 Rev. 2: 03 Hydrogen Generation Rate Calculations Single-Point 
Calculation - Calculation Note RPP-5926, Revision 2,241-AY-102 

CH2MHILL SA Barker 

Hydrogen Generation Rate Calculations 
Single-Point Calculation - Calculation Note 
RPP-5926, Revision 2: 
References 

Hu, T. A., 2000, Empirical Rate Equation Model And Rate Calculations Of Hydrogen Generation For 
Hanford 7anh Waste .  HNF-3851, Rev. OA, Lockheed Martin Hanford. Corp., Richland, WA. 

Hu, T. A,, 2001 , Steady-State Flammable Gas Release Rate Calculation And Lower F/ammability 
Evaluation For Hanford Tanh Waste ,  HNF-5926, Rev. 1 ,  CH2MHill Hanford Group, Richland, WA. 

Hu , T. A,, 2001 b , Steady-State Flammable Gas Release Rate Calcuiation And Lower Flamrnabi/ity Evaluation 
For Henford Tanh Waste, HNF-5926, Rev. 2(drafl), CH2MHill Hanford Group, Richland, WA. 

Kufahl, M. A,, And D. A. Hendengren, 2MD, Hydrogen Generation Rate Model CaJcuJation Input Data, 
RPP-6069, RevO, CHZM HILL Hanford Group, Inc.. Richland, WA. 

Bingham, J. 0.. M. A. Kufahl, S. A. Barker, 2000, Col/ectionAndAna&sk Of Selected Tank Headspace 
Paremeter Data, RPP-5660, RevO, CHZM HILL Hanford Group, Inc., Richland, WA. 

Table Of Contents (Hyperl inks Wi th in  Model) 

input Data.. ................................................................. . 4  

Calculations. ................................................................ .8 

Hydrogen Generation Due To Thermolvsis .............................. .8 

Hvdroaen Generation Due To Radiolvsis ............................... . I 3  

Hydrogen Generation Due To Corrosion ................................ . I 5  

Total Hydrogen Generatlon Rate. ...................................... . I 7  

Steady-State Hydrogen Concentration (Assuming Normal Ventilation Rate) 18 

Steady-State Hydroaen Concentration (Assuminn Barometric Breathing 

Gas Release Rate Ondependent Of Ventilation Rate) ..................... . I 8  

Ventilation Rate). ..................................................... . I 8  

GenerationR& OfAmmonia. Methane, And Nitrous Oxide ............. . I 9  
Author: uare' - f.?7 _.  
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Steady-State Ammonia. Methane . And Nitrous Oxlde Concentration 

Steadv-State Ammonia . Methane . And Nitrous Oxide Concentration 

Determine The Overall Steadv-State Flammable Gas Concentration With 

jAssuminq Normal Ventilation Rate) .................................... 19 

(Assuming Barometric Breathing Ventilation Rate) ....................... 19 

Loss Of Ventilation ................................................... 20 

Calculate The Composition Of  All Components At Time 't' ................ 20 

Time To Reach 25 %LFL ............................................... 22 

Time To Reach 50 %LFL ............................................... 22 

Time To Reach 75 %LFL ............................................... 23 

Time To Reach 100 %LFL ............................................. 23 

Ventilation Rate To Keep Concentration Less Than 25 %LFL ............. 24 

Ventilation Rate To Keep Concentration Less Than 50 %LFL . . . . . . . . . . . . .  24 

Ventilation Rate To Keep Concentration Less Than 75 %LFL ............. 25 

Ventilation Rate To Keep Concentration Less Than 100 %LFL ............ 25 

Additional Calculations .. Estimated Time To LFL With Zero Ventilation .... 25 
Summary Section ........................................................... 27 

Input Data ............................................................. 27 

Output Data ........................................................... 28 

Corrosion ....................................................... 28 

Overall Hydroqen Generation Rate ................................ 28 

Steady-State Compositions ...................................... 28 

Time Periods .................................................... 29 

Time To Reach Various LFL Levels ................................ 29 

Selected LFLs ................................................... 29 

Hydrogen Generation Rate Due To Thermolysis . Radiolysis . And 

Flammable Gas Concentrations After Loss Of Ventilation At Selected 

Minimum Ventilation Rates To Keep Headspace Composition Below 

Gas Concentrations At Time To Reach Various % LFL ............. 29 
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Read Waste Information From "FGS Input 020203 .xis" 

Datafile Name Is "FGS Input 020203 XIS" 
C \ .\FGS Input 020203 XIS 

excel 

Author: ,AB& Date: b,/$<hz 
G-25 



RPP-5926 REV 2 

h u t  Data 

Waste Properties (Crust Layer Volume Is Included In Solids Laver In This Example) 
(1 ==> Total Waste. 2 ==> Crust 3 ==>Liquid Waste. 4 ==> Solid Waste) 

029 TFIl = s e a c ~ T a n k - ~ d , " - "  ,I) TFIl - 3 000 

T & m  - subsyTank-id,TFIl + 1.2) T a n k F m  = "AY" 

TankNames3 - s t a c W T M a m e s 1  .Ta&iamesZ) 

11 = I 177 

From (Bingham 2000) 

Find The Auarouriate Tank Sueeifc Information: 

fil - F m d I n d e < T M m e s 3 , T a n k - i ~  

fil - ( :o;oo) 

tank&T := [( fil I - 1).3] + 3 

t a n k s  := tank&?. + 1 

tanks  := b&&T + 2 

tank&T = 69.000 

classmte := If[(fill c 29):dst" ."sst"] 

class,te - "dst" 

... The Following Data Is From Hu 2001 b.  Except Where Noted 

( excel t a r h T . 2 )  

.2 I 

3 1.769 x 10 

2.124 x lo3 

3 1.639 x 10 

3 2.124 x 10 

(4.431 x 10') 

mL 

Author: Date: 
J 
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1.10-12 
[90Sr] :- 

,6 

(378.889 

p C i  

gm 
.- 

(294.845) 

1.000 x IO- l 2  [SOSr] - 
1.551 

e i  
gm 

l . lo-12 

excel,* ,7 
[ 137Csl :- 

p C i  

gm 
- 

volwaste := 

100.206 ) 

( 5.729 x lo3 

kit0.L 

Author: Date: , 
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T e m h t c  := 

F ~ 2 0  :- 

tankidxr.11 

exceltd%&.dl + 273.15 

excel + 273.15 

+ 273.15 excel 

t-.ll 

(82.137 

43.678 

100.MO 
F u d  = 

43.678 

(345.150 

345.150 

TemPwaste- 318.150 

(345.150 

K From (Bingham 2000) 

T c m h p  = excel TemI)vap = 316 761 K From (Bingham 2000) [ t*,l~ + 273 Is) 

Make Sure You Run The File "Decay Heat 
Generation Rate 01 1129 .MCD" 

Read Results From Excel File 
"rpp5926~r2~02~DecayHeatGRlnput020203 XIS" 

HeatLoad137~~ gOsr :- exceU. watt 

Calculated By Barker In 
"Decay Heat Generation Rate .MCD" 

- 

3.611 x lo4 ) 
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C \. \Tanklnfo-post-1999 XIS Read Waste properties From Excel File 
"Tan klnfo-post-1999 XIS" 

j := 1 .. 27 

na. := j 
1 

name :- augment (na ,Tdd)  

T d m  = "AY" 

fi:- FtndInde<nme.TankFnkFarm) 

3 volt&= 14071dla-gal 

vent-rate - 250.000 cfm 

volt& = 188089 R 

vent-ratcbb = 0.323 cfm 

dimt& - 75.000 A (fi,>2).R 
d i a m t d  := 2.TankInfo 

vo4vaste 
h h d  := estimation Of Waste Depth 

(fi13)'; TatWnfo 

( 230.504 1 
estimation Of Waste Depth 

h h d - 1  9.592 x 10- 1 in 
168537 

61966 ) 
VOlhd := V O l t d  - volwte 5 3  

1 VOlhd - I .on x 10 R 

Dome-Space Methane Nitrous Oxide And Ammonia Concentrations (Bingham 2000) 

0 %  
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Ammonia Diffusion Information (see Rpp5926 R1 - Calculation Of Mass Transport Coefficient H 
For Soluble Gas AY-102 .mcd (from File "rpp5929~r2~01~NH3CL0utputData0020203.xls'~ 

mol 
Q "3 := NH31nl.- 

L.min - 

mol 
KH := "315 - 

L. atm 

L V, := NH31n4.- 
mol 

- 10 mol %-"3 = 4.319 X 10 - 
L-min 

mol 
KH = 21.617 - 

L. atm 

L 
mol 

vm = 24.155 - 

mol 
[ "341 = NH31n5 - 

P - 1.INn 

[ NH3kqI = 4327 x 10 - 3 - mol 
L L 

Gas Concentrations At LFL 

End Of Input Data 

Calculations 

i : = 1 . . 4  

Hvdroaen Generation Due To Thermolysis Mu. 2000 - E q n  4-81 

Define Constants (Based On Hu p000) Eqn 4.8) 

Thermolysis pre-exponential Factor (Hu. 2000 - Eqn 4-8) 

+ 
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rf:= 

activation Energy (Hu, 2000 - Eqn 4-8) 

Reactivity Coefficient (0.7 For DSTs. 0.4 For SSls) 
(Hu. 2000. Eqn 4-8) 

0.4 if cluss-t, "sst'  

0.4 if classwaste "SST" 

0.7 oiheMise 

w H 2 0  - 
2.147 x 10 

5 . 4 2 4 ~  lo-?  

1.727 x 10 
kg 6 

5 

Author: 

[TOC] = 

G-3 I 

1.769 x 10 

3 

3 m L  

3 

2 .124x IO pp - 
1.639 x 10 

[All  - 
1.109 x IO 

100.206 x 10' 

1.480 x 10 3 

0 
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Calculate The Hydrogen Generation Rate Due To Thermolysis (HGq,,,,) 

HGRthm = 
1 . 6 4  x 

2.681 x 10 

- 
-7 kgday 

HGRtb- = 

12 
1.857 x IO- 

H~Rthem-sc t  = 
0.421 C f m  

1.306 x IO- 

1.496 x 10- l5  

3.393 

9.662 x 

R3 - 
day 

( 1.621 \I 

HGRihem-scf = 

1.126 x 

1.290 x IO- 

2.926 x L O - 4  

I 1.200 ) 

C f m  

Date: ‘/‘A L- Author: 
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rf := 

Hydrogen Generation Due To Radiolvsis Mu. 2000 - Eqn 4-16) 

Constant Definition (Based On Hu (2000) Eqn 4-16) 

Activation Energy Of G In Organic Radiolysis 
(Hu, 2000 - Eqn 4-16) 

Reactivity Coefficient OfTOC (0.7 For DSTs, 
0 . 4  For SSts) (Hu, 2000 - Eqn 4-16) 

0.4 if classme = "sst"  

0.4 if classwte E "SST" 

0.7 othenuise 

%.'2.49.10 , pre-exponential Factor Of G n Organ c 
Radiolysis (HJ. 2000 - Eqn 4-16) im EV 

[N03_molarl= 
4.755 x 10- 

6.609 x 

default Water Radiolysis G-value 

Check Units On Input Data 

Tempwte2 - 34S.lMK 

gm mvqqo2 := (14.0067 + 2.15.9999,- 
g m o l  

8m mvqqo3 := (14.0067 + 3.15.9994.- 
&mol 

(378.889 x 10') 

294.845 x 10 wgm 

409.789 x 10 O m L  

294.845 x 10 I- 
&mol 
liter 
- 
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[NO21 - 0 228.866~ 10 pgm - 
3 m L  5.976 x IO 

0 

I 497: 

HeaLoad137Cs-90S~ = 

1.141 x IO- l7 
Hload = 

1.420 IO- 

10-3 I 
12 7.712 x 10 

watt - 
kg 

3.41 x 10- 

5.977 x 10 

7.652 x 10 

1.242 x 10 

10 

12 

5: 

5.557 x 10- 2: 
962.224 

5 1.232 x 10 

3.639 x lo4 

1.628 x 10- 2' 

282.000 

3.611 x 10 4 

f 0.013 1 

0.039 ) 

p C i  

BTU 
hr 
- 

watt 
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1.482 x 10- 20 - H G R d  = R3 
7 1.788 x 10- 

kg  day 

Calculate The Hydrogen Gen 

1 

- 
kgday 

ation Rate Due To Radiolysis __ (HGR,,,) 
h d  

molecules 
.'f ([TOCWt%l)l e" 

(0.050 

0.151 

0.282 

0.282 

( 1.459 x 10-5 

1.173 x 

1 . 4 1 5 ~  
H G R d  = 

4.027 x 10- 

( 1.843 x lo-' I 

I r u  , - Date: L Author: 
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HGR&-scf - 

( 0.030 

1.163 x 

1.951 x 
C f m  

1.349 x 10- 29 

2.263 x 10- 
H G U  = 

0.030 

C f m  

( 31.134 ) 

( 0.026 7 

0.026 ) 

Hydropen Generation Due  To Corrosion (Hu. 2000 - Eqn 4-17) 

Constant Definition (Based On Hu (2000) Eqn 4.17) 

&on := 

3 
-8 m 

Corrosion Coefficient (1.83E-08 
For DSTs, 3.6E-08 For SSts) 

3.6.10 .- if clars-t, "rrt" 
2 

m .mm 
3 (mYminfm2) Reference 

(Hu, 20018 - Eqn 2-1) 

- 8  m 
3.6.10 .- if clacs,te = "SST" Temperature Is 25% 2 .  

m .rmn 
3 

1.83.10 .- oihenvise 
m .mm 

-8 m 
2 

3 
- 
m mn 

- 8  m Kon = 1.830 x 10 
2 

Calculate The Wetted Area Of Steel (vertical Waste Storage Tank, Assuming A Flat 

+ n . d i m t d h h d  ] =I. ( - "ydr + m d i a m t d h h d  

G-37 
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8.944 x 10 

1.883 x IO- 
3 3.309 x 10 

3 

Awet - 2 

( 5.705 x 10- 7 

1.320 x 

1.668 x IO- 

6 . 1 1 4 ~  

7 
g m o l  

kgday 
- 

( 4.920 x IO- 7 
1.201 x 10- 

2.111 x 10- 
H W o n  = 

(3.099 x 10- I 

R3 - 
4 m i n  
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2.908 x 10 

1.427 x 10- 

6 1.985 x 10 

5 

masswsste = kg 

2.154 x 10- l2 I ft3 
H G % m v  = 

0.489 

HGR = 

1.391 

( 43.389 

1.61582 x 10- l5 

7.76677 x 
C h  

26 
H G ~  = 1.942 x 10- 

0.326 

( 43.063 

0.822 

1.730 x 10- l 3  

0.304 i 0.518 

HGbo, = 

( 0.03201 \I 

0.03123 ) 
1.305 x 10 

1.273 x 10 

b At Headspace Temp. 
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( 0.028 \ 

38.780 ) 

Steadv-State Hydrogen Concentration (Assuming Normal Ventilation Rate) 
HGRl 

HGRI + vent-rate 
[HZssI 1 

[HZ,,] = 128.012ppmv 

[H&,] = 0.013% 

Steadv-State Hydrogen Concentration (Assuming Barometric Breathing Ventilation Ratel 

HGRl 

[H25s-W1 := HGRl + vent-rattebb 

4 
[H2ss bb] - 9.026 x 10 ppmv - 

[H2s,-bb] = 9.026% 

[H2,, I&] = 225.661 %LFLH2 - 

Gas Release Rate &dependent Of Ventilation Ratel 

Author: Date: , Y 
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Calculate Generation Rates Of Ammonia, Methane, And Nitrous Oxide (Assuming No 
Gas Retention) 

[ "31 vent-rate 

I - ["31 

[CH4] vent-rate 

GR"3 = 1 07250 X 10- Cfm GRNH3 = 

G%H4=3611 x 
GRCH4 - 1 - [CHd] 

GRN20 = 1 - [NZO] 
[ N 2 0 ]  vent-rate 

GRN20 = 2 500 x 10- cfm 

Steady-State Ammonia, Methane. And Nitrous Oxide Concentration (Assumine Normal 
Ventilation RateMJust A Check Of Methodolow) 

[NH3,,] - 4.290 x 
GRNH3 

[ NH3,,] :- 
GR"3 + vent-rate 

[CH%,] = 1.444 10- 4% 
G%H4 

G % H ~  + vent-rate 
[CH%,] := 

[ N20,,] - I.000 x 10- % 
GRN20 

G R N ~  + vent-rate 
[ N20ss] :- 

Steady-State Ammonia, Methane, And Nitrous Oxide Concentration (Assuming 
Baromehic Breathing Ventilation Rate) 

L 
NH3-1OOO-day = 185.957ppm 

I day 11 

Date: 7, Author: 
,, 
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Determine The Overall Steadv-State Flammable Gas Concentration With Loss Of 
Ventilation 

GR := 

HGR 0.032 

mNH3 1 
GWH4 3.611 x 

1.073 x 10- 1 
OR = C f m  

0.032 

1.073 x 10- 

3.611 x 

2.500 

C f m  

' 0.013 

4 . 2 9 0 ~  IO-:!% 

1 . u x  10- 

JOOO 

Generation 
Rate 

Release Rate 
(Assume No Retention) 

Initial Concentration Rate 
(Assume At  Steady- 
State With Normal Ops) 

Calculate The Composition Of All Components At Time 't' 

Special Calculation For Ammonia (Soluble Gas) 

vent-rntw + Rate,l. 
I .  .- 

1 '- 
yolhead 

Rate,l; 100% 

Rate,! + vent-ratq,b 
Conchi :- I 

Author: Date: 

G-42 



RPP-5926 REV 2 

10 I I I I I 

- 
% - 

conc(t.day.2) - 

c0ndt.day,3) 

- 
% 

..... 

% 4 -  - 
- .  
conc(t.day, 4) 

Calculate Steadv-State Flammable Gas Concentration At Normal Operatjne Conditions 

1 
conc(z.1) conc(z,Z) + conc(z,3) 

ukl2 ULNH3 UkH4 

UWZ) := 

+ 

Author: J - - 1 u  Date: <,b$/k 
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4 IIwO.day) - 3.070 x IO % 

LF-LOO day) - 112 122% 
Calculate The Time To Reach Various Fractions Of The LFL 

Time To Reach 25 KLFL TOL :- aDODl 

conc(z.1) conc(z,?j conc(z,3) ( LFLH2 + LFLNH3 U k H 4  
% I I L  

+ 
f(2.u) :- 

tbl := 15 

2:- 1O.day Initial Guess 

temp25 := Re(root(f(z,@ ,I)) 

temp25 1 -5.day Initial Value In Case Solution 
Cannot Be Found 

temp25 = 23.119 day 

T h e 1  25%LfL:= if([Conc-ni%,-bb] > 2S%,if(temm5 < O.day.O.day.temp25) ,10 9 .day) - 
Time1 - 2 5 % ~ ~  = 23.119 day 

Time To Reach 50 %LFL 

m := 50 

I:= IO.day Initial Guess 

temp50 := Re(root(f(z,tlfi) ,I)) 

temp50 = 49.693 day 

Time1 - 5O%LFL := r f ( [ C O n c _ ~ , - b b ]  > 5DP/..if(tcmp50 < O.day,O.day,tcmp~o) .d.day) 

Time1 - 5 0 % ~ ~  = 49.693 day 

temp50 := -5.day Initial Value In Case Solution 
Cannot Be Found 
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Time To Reach 75 %LFL 

z := 10. day 

temp75 :- Re(root(f(z) J)) 

Initial Guess temp75 1- -5day Initial Value In Case Solution 
Cannot Be Found 

temp75 = 80.310 day 

conc(z.1) conc(z.2) conc(z.3) 

YOWL 

+ ( uLH2 + u L N H 3  wkH4 
f(2) := 

temploo := -5.day Initial Value In Case Solution 
Cannot Be Found 
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Minimum Ventilation Rates Need To Prevent Headspace Concentrations From 
Reaching Various Levels 

.lo9 .v, otherwise 11 V+(hA-=.K, P-V,] 

+ wkd ["3ss1 h-NH3 

vm kl-NH3 - ( 1 -l. 
I 

h Y  

Ventilation Rate To Keep Concentration Less Than 25 %LFL 

- 24.999 

Conc-m(z, 1) Conc_m(z,T, Conc-m(z.3) + + 

%LFL 
( ULH2 WLNH3 u k H 4  ff-25(2) := 

z:= .OOl-cfm Initial Guess 

temp25 := root(n-25(z) ,z) 

temp25 = 3.208734cfm 

temp25 := -5.cfm Initial Value In Case Solution 
Cannot Be Found 

Ventilation Rate To Keep Concentration Less Than 50 %LFL 

Conc--n@. 1) Conc-m(z.Z) Conc-vr(r.3) + + 

%LFL 
[ ULH2 uLNH3 n_30(z) := 

z := ,001. cfm 

tempso := root@-SO(z) ,z) 

temps0 = 1.386387 cfm 

Initial Guess tempm := -3.ciin Initial Value In Case Solution 
Cannot Be Found 
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vent-ratel M % ~ L  = 1.581 cfm - 
Ventilation Rate To Keep Concentration Less Than 75 %LFL 

Conc-vr<z,l) Conc-vd.r.2) Conc-vd.z.3) + + ( U L H 2  wLNH3 f2_75(z) := 
%LFL 

z:= ,001.cfm Initial Guess 

temp75 :- root(fl-75(2) ,I) 

temp75 :- -s.cfm Initial Value in Case Solution 
Cannot Be Found 

temp75 = 1.046417 cfm 

vent-ratel - 7 5 y 6 u ~  := if(temp75 < 0.cr1n.0.cfm.tamp75 + 0.001.cfm) 
vent-ratel 7 5 y + u ~  = 1.047 cfm - 

Ventilation Rate To Keep Concentration Less Than 100 %LFL 

Conc-vtlz.1) + Conc-vd.z.2) Conc-vd.z.3) 

%LFL 

+ ( u L H 2  u L N H 3  fl-lOO(2) :- 

z:= .OOl.cfm Initial Guess 

temploo := roo!.(n-lOO(z),z) 

temploo = 0.776625 cfm 

tcmplOOO := -5.cfm Initial Value In Case Solution 
Cannot Be Found 

Additional Calculations --Estimated Time To LFL With Zero Ventilation 

Tank Headspace Hvdrorren Concentration : 
-6 vent-ratefi := 1.10 . cfm 

% H 2 h : -  I00.[HZSs - B] % H 2 h  - 9.026 volume % Hydrogen 

%mh = 225.661 % LFL Based On Hydrogen 
100 %ULli,:= 10O.[H2,, &I,-- 

- 4  

Author: 
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Find HZ Concentration To Meet 25% (IyH3 And CH4 Included) E- GU emu- u ~ m r l  

H2 2 5 ~ ~  = 0.987 90 conc(23.2.day.l) conc(23.2.day,3) 
H2 2 5 ~ ~  :- OOOM. 25 - - ( 96mLNH3 % m k H 4  - 

Find €I2 Concentration To Meet 50% ("3 And CH4 Included): 

H2 50% = 1.977% I - 
conc(50.day.Z) - conc(50-dayy,3) 

%mLNH3 % m k H 4  
H2 50% := 0.0004- 50 - - 

~~~ 

~ind ~2 Concent;ation TO M & ~ ~ o o %  And CH4 Included): 

~ 

Time To Reach 25% LFL With Zero Ventilation: 

temp225 = 23.118day 1 - Y o l b d  + vent-rateZb).H2-25y. 

(HGR1 + vent-rate,b) + vcnt-ratezb).H2-i,,it 
tempq5 := 

T i n e a 2  - 25./.LFL := if(LF&t-bnat& > 25%,if(tempq5 c O-day,O.day,tempq5) ,999999999.day) 

Time-zb2 2 5 % ~ ~  = 21.924day - 
Time To Reach 50% LFL With Zero Ventilation: 

temp250 = 49.690 day 

Timc-zb2 - 50'/.m~ = 44.435 day 

- 1  - v o l b d  + vent-ratezb),H2-50ye 

+ vent_ratc&)-H2 i,,it 
tempzm := 

(HGRI + vcnt-ratczb) 

Time-zb2 - SO'/.LFL := if(LFbt-bnathinp > M%.if(tempz50 C O.day,O.day,tempzx) ,999999999.day) 

Time To Reach 100% LFL WithZero Ventilation: 

temp2100 - 116.399 day 1 - v o l b d  HGRl - ( HGRl + vent_ratezb).HZ_lOO"/. 
tempzloo := 

(HGRI + vent-ratch) HGRl - (HGR1 + vcnt-rattezb).H2-i,,it 
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Summary  Section 

Input Data 

Waste Properties (1 ==> Total Waste. 2 ==> Liquid Waste, 3 ==> Solid Waste) 

T d - i d  = "241-AY-102" c1ars,te - "drt" 

[TOC] = 

1769 x 10 378.889 

1639 x 10 
294.845 

2 . 1 2 4 ~  IO') 

1.109 x 10 74.771 

[AI] = 1 1oo'm6 3 m L  1 E [137cS] = [1Do:;9i- l 2 I  gm 

1.480 x 10 
1W.276 175.680 

( 634.805 (1.210) 

(73.827') ( 3.639 x lo4 

3 volt& - 1.407 x 10 !do gal vent-rate = 250.000 cfm 

230.504 AN Tank Farm: Tank D a  

d i a m t d  = 75.000A htt&=(.__"l- 

Dome-Space Compositlons 

[CH4] - 1 . 4 4 4 ~  [ N Z O ~ - ~ . U W X ~ O - ~ %  

End Of Input Data 

[POSI] = 

3 
1.818 x 10 

1.000 x 10- l2 
1.551 

5.729 x 10 
3 

(345.1SO \I 

= I 318,150 345'150 IK 

(345.150) 

T c m h p  = 316.761 K 

vent-ratq,b = 0.323 cfm 

estimation Of Waste Death 

[NH3] - 4.290 x 

p C i  - 
gm 
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1201 x 10- l6  

3 393 x 10- 2 263 x IO- Z ~ I I ~ I O - ~  
HGhhmnr = 1 496 x 10- Is C h  HGQ = 1' 34:1:r :] cfm H O L E  = C h  

0.032 0.028 

1.616 x 10- 

( 4.090 'I ( 39.745 \I 
H G R = I  2.327 x 1- fi3 HGhtp = I 2.006 x 10- l 2  I 

1.118 day 0.964 

( 38780 

Steady-State Compositions 

Hydrogen At Normal Ventilation Rate ... At Barometric Breathing Ventilation Rate 

[HZ,.] = 0 320%LFL~2 - bb] = 225 661 %L.FLHz 

Ammonia At Normal Ventilation Rate ... At Barometric Breathing Ventilation Rate 

[ NH3,s] - 2 860 x 10- %uL"3 [ "38, - bb] = 0 124%LFL"3 

Methane At Normal Ventilation Rate ... 
-3  

At Barometric Breathing Ventilation Rate 

[CHe,] = 2 a 9  x 10 % L F k H 4  [CH%s - bb] = 2 236 96LFkH4 

Nitrous Oxide At Normal Ventilation Rate... At Barometric Breathing Ventilation Rate 

[ N%& bb] = 0 769 % [NZO,,] = l w D ~ l O - ~ %  - 

Author: 

G-50 
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Flammable Gas Concentrations After Loss Of Ventilation At Selected Time Periods 

conc&O.day) = 0.326%LFL 

conc&lOO.day) - 89.189%LFL 

c o n c d l 0 . d a y )  = 11.367%LFL 

conck(109.day) - 228.022%LFL 

Time To Reach V~oiour LFI Levels At Loss Of Ventilation Ndurr = inoox1o? Indicares . .  ndmnnDoes Not Occur) 

Time To Reach Various LFI  Levels At Zero Ventilation Ndms = 1noox109 Indicates 
Conditbn Does Not Occur) 

T i m e z b ~  2 5 % ~ ~  = 21.924day 

Tme-zbi - 5 0 7 . ~ ~ ~  - 44435 day 

- 
Time-zb2-101~/ .~~~ = 90.169 day 

Minimum Ventilation Rates To Keep Headspace Composition Below Selected LFLs 

vent-ratel 7 5 y 0 ~ ~  = 1.047 cfm 

vent-ratel - I O O ~ ~ L F L  = 0.778 cfm 

- vent-rate] 2 5 % ~ ~  - 3.210 cfm 

vent-ratel - 5 0 7 , ~ ~ ~  = 1.587 cfm 

- 

Gas Concentsations At Time To Reach 25% LF'L After Loss Of Ventilation waluc S =  
U P  Indlcaies Condition Does Not Occur) 

H2 [H225] = 0.987% [H225] = 24.671 %/oLFLH2 

N H 3  [NH325] - 0.016% [NH325] - O.lOS%LFL"3 

CH4 [CH425] - 0.011 % [CH425] - 0.224%LFLc~4 

Gas Concentrations At Time To Reach 50% LFL After Loss Of Ventilation W ~ W S  = 

m? Indier*s Cmuliiion Does Not Occur] 

H2 [H250] - 1.977% [ H 2 y ~ ]  E 49.427%LFLH2 

NH3 [NH350] - 0.018% [NH350] = 0.122%LFL"3 

CH4 [ CH4501 - 0.023 % [CH450] = 0.451 % L F ~ H ~  

Gas Concentrations At Time To Reach 100% LFL After Loss Of Ventilation wdms = 
laoOx109 habits ConBihn Does Ncd Occur) 

H2 [H2100] = 3.958% [ H 2 1 ~ ]  = 98.962%LFLH2 

"3 [NH3100] = 0.019% [NH3100] = 0.124%LFL"3 

CH4 [CH41m] = 0.046% [CH4100] = 0 . 9 1 4 % L F k ~ 4  

G-5 1 
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G.4. RPP-5926 Rev. 2: 04 Calculation of Mass Transport Coefficient "h" for Soluble Gas - 
- 241-AY-102 Filled With Water 

+ 

CHZMHILL SA Barker 

Calculation of Mass Transport Coefficient 
"h" for Soluble Gas 
241-AY-102 Filled With Water 
References 

Hu, T. A,. S. A. Barker. 0. C. Hedengren. M.A. Kufahl, Mol, "Steady-State Flammable Gas Release Rate 
Calculation and Lower Flammabihty Level Evaluation for Hanford Tank Waste", RPP-5926, Rev. 1 , 
CHZMHILL Hanford Group, Inc.. Richland, WA. 

Input Data 

Constants 

kg pg:- 1.17,- 
3 m 

a 
Dg:= 2.50 x 10 .- - 5  m 

m 
g - 9.807 - 

2 
6 

AT := 1.K 

- 3  1 pg:- 3.30.10 .- 
K 

& :- 5.7825.m 

1 
D ~ : = 2 . 8 . 1 0  .- - 9  m 

I 

kg pL:= t3m.- 
3 m 

Density of gas 

Diffusion coefficient in gas phase 

Viscosity of gas 

gravitational number 

Temperature difference between waste surface and gas 

Thermal expansion coefficient of Gas 

Characteristic Length (114 of Diameter) 

Diffusion Coefficient in Liouid Phase 

Density of Liquid 

Author: Date: 
/&" ' "  
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Viscosity of Liquid - 4  kg p.~ : -6 .82 -10  .- 
Q S  

Thermal expansion coefficient of Liquid - 4  1 p ~ : = 3 . 0 2 . 1 0  .- 
K 

MW"3 := 17.0307.- &m 
mol 

Molecular Weight of Ammonia 

L 
hgSchumpe-m~l :- -0,0481.- 

mol 

Read Waste Information From ""3CALInputData010829-04.xls" 

IData := 

Schumpe Model Coefficient 

C:\. .\NH3CALlnputDataO 10829-04 .XIS 

Read Tank Information From "TankInfo.xlr" 

TData := 
R 

C:\. .\Tanklnfo .As 

Find Waste Properties 

TFIl :- searclQank-id."." . l)  

Tanl ;Fm := subst.i(Tank-id.TFI1 + 1,2) 

TFIl = 3.000 

TankFann = "AY" jl  := 1 .. 177 

TankNamcs3 := stacb'JmkNames1 ,TmkNmesZ) 

nal .  '- jl 
11 

From (Bingham 2000) 

Find The Appropriate Tank Sperjfie Information: 

fil := FindInde<TmkNsmed ,Tad-id) M := FindInde<Fms,TankFm) 

fil - ( ;;o;) - (3 
f m & : = M  + 5  f m & = l l . o O o  

f m . 4  

I 
tank&:= fi l l  + 1 tank& - 24.000 

class-t, := If[(fill < 29),"dst" ,"sst"] volt& := TData A3 

class-t, = "dst" 5 3  volt& = 1.881 x 10 A 

Author: Date: , 
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mmp :- 

I "N&+" \ 

"AL+3" 
"Fc+3" 
"C*33" 
"Ni+2" 
"K+" 
"OH." 
"N03." 
"NO2-" 
"CO3-2" 
"P043" 
"5042" 
'F." 

CO * 

~ "C1." / 

1.1143\ 
,2174 
,1161 
,0648 
,1654 
,0922 

1 

a839 
,0128 CO 

D795 - w w  
- 

mL ,1423 
,2119 
,1117 
,052 

n 

........................................................................................... AH 
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Calculations 

Schmidt Number 

4 s, :- - 
DP pg 

S, - 0.683761 

Grarhoff Number 

2 3  
P.Pg.Pg .4 AT 

I 
4 

10 

Gr := 

G, = 2.141 x 10 

Film Coefficient - Vaoor 
1 

D % := 0 . 1 S . ~ ~ ( S , . G , ) 3  
4 

- 
Vapor Film Coefficient 

- 3 m  $- l .S87x10 - 
9 

Author: J -  Date: $/$:/$L 
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Film Coefficient - Liquid 

1 
3 

hL:= O.IS.DL( e) 
- 6 m  hL = 5.306 x 10 - 

6 

13 Coi c,, 
i s 1  c,, := 

1000 

mol c,, = 3.555 - 
7 
~ m 

sum C; x q 
13 cOi 

-.Hi 
mw. 

1000 
i = I  

CH,, := 

mol 
CHs, = 0.430 - 

3 m 

In Water 

I 

,33314.- 
K 

3917.5.K 

KH = 35.707 - 

KHo In Solution 

. .. 

.... 

..... 

Liquid Film Coefficient 

=D/POWER(lO ,Y3+Mf1$60)^A43 

ate: Author: 
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mol 
1. atm 

KH - 21.617 - ...... 

Ammonia Concentration 

kg [ NWL] I 0.035 - 
3 m 

[ "3LI 
[ NH3liqI :- - 

MWNH3 

- 3 mal 
-. 

L 
[ "391 = 2.072 x IO 

Ammonia Partial Pressure 

KH 
o u i p u 5  := - 

SMl 
L.atm 

................................... AD 

[ "3liql 
output5 := 

SMl 

L 
- 

P"3 = 9.587 x lO-'atm ........................................................................................... AE 

Molar Volume 

L The&pscc 
Vm ;- 22.4.--- 

mol 273.15.K 
vlu 

outpui4 := - 
L 

mOl 
.AG Vm = 24.154842 - ........................................................................................... 

L 
mol 

Steady-State Ammonia Concentration 

- 7  mol 
[NH3,,] = 1.77427 x 10 - ................... 

L 

Equivalent Steady-State Ammonia Concentration In Liquid F'Iiase 

[ NH3ss-4eq] :- KH.V,.[ NH3,,].P 

5 mol 
[NH3#,-4eq] = 9.264 x IO- - 

L 

.AF 

G-58 
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Mass Transport Properties 

hA 
o u t p u 3  := - 

C h  

["&SI 
[ "31ql - [ "3ss-1qeql 

.AK 

hA := Qmd-vent. 

hA = 0.022406 chn ........................................................................................... 

.AL 

Qoff Mrmal = o,l cfn;. .......................................................................................... AM 
- - 

Off-Normal Constant, k l u  

- 9  mol b =  1.301 x 10 - 
L. min 

.AN 

ICz 
output1 := - 

ml - 
L.min 

.................... A 0  

Off-Normal Ammonia Partial Pressure 

- 5  PNH3 9.49615 X 10 ...................................................................................... .m - 

PNH3-on - - 94.962 ppm 
a h  

........................... AO 
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Steadv-State Release Rate At Normal Ventilation Conditions 

wssp~-mm - 1 .OM x 10- ch 

Ammonia Concentration At Time, t 

[ "311 - 94.962ppm ...... 

Ammonia D8usion Rate At Time. t 

..AR 

. Al l  

.................. AV 

AW KRT - 549.173 
........................................................................................... 

Film Coefficient - Liquid At Time t 
1 I - 
3 - 

Liquid Film Coefficient 

- 6 m  .............................................................................................. hLt = 4.972 x 10 - 
S 

Film Coefficient - Vapor At Time t 

Vapor Film Coefficient 

% = 1 . 5 8 7 ~ 1 0 - ~ ?  ............................................................................................ AY 
s 

Author: , 
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Film Coefficient - Overall At Time t 

I 
1 KRT 

h := 

+ -  - 

Overall Film Coefficient 

h= 1 . 8 2 7 ~  ............. ............................. ................................... Az 
S 

Surface Area 

2 area:= n.(37.5.A) 

3 2  area = 4.418 x 10 A 

hx.4 := h.area 

............. ........................... BA .......................... 

huA = 1.589cfm ....................... .................................................. BE 

Effective Surface Area (percent) 

BC ............................................................................................ e & ~  = 1.410% 

G-6 1 
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._ - 

Ammonia Concentrations As A Function Of Time 
I -30 ' 
-20 

-10 

,0001 

.5 

3 

5 

10 

15 

30 

35 

50 

70 
90 

110 

120 
125 

127 

130 

135 

140 

\ 145 , 

.day time 

1 := 1 .. 22 

Author: 

- 3 mol - 
L 

[NH3liq] - 2.072 x 10 

mol K~=21.617- 
L. atm 

1 
V, = 24.155 - 

mol 
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timei - -  
day 
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220 
210 
200 
190 
180 
170 
160 
150 
140 - NH3i 

I I I I I I I 

I 
I 
I 
I 
I 

- I 

I - - 
- - 

- - 
- 
- - 
- - 
- - 

- 

- 

cfm ..... 
timCi - 
hr 

- .  

0.022 

21.617 

24.155 

100 

40 
30 
20 

...................................................................... l o  0 H 
I 1 1  I I I I I I 

-10 10 30 so 70 90 110 130 150 

Output Results To Datafile “rpp5926~r2~04~NH3C4LOutputDataOO2OZO3.xls” 

output 

C:!. .kpp5926-R-04-N H3CALOuiputData0020203. XIS 

output = 

Author: 
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j : = O , l . . 6 l  

naj := j 

k := I 

kk := 

name := augment(na,me) 

excel := 

excel = 

Tark-id = "24l.AY.102" 
The fallowing data IS from Hu 2001 b excent whwe noted 

[ 137Csl := 

Author: A 

idcol := 20 - I 

33.S06 

1 x  10-12 1 .C l  

6.3S4X  IO-^ gm [ 179.452 1- 
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[ 90Sr] := 

Pwastc := 

exce l ta&,~  ,(idcol-1) 1.093 X lo3 

cxcclta&,&. 1.10- 12 (idcol-1) 1,:. 
e x c c & ~  .(idcol-1) 

exce&&-i ,(idcol+l) 

1 x 10- l2 

s . 8 ~  x 10) 

[ 90SrI = 1 0.676 

1 f 1.121) 

cxcc l ta&,~ , ( idco l+ l )  
.- 

cxcclta&,&, (idcokl) mL 

Author: ,k&/b Date: 
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Find the appropriate radio-isotope spedfic information: 

FmdIndex(M, key) := r t  rows(h4) - 1 

c t cols(M) - L 
i t 0  

j t o  

while (j 5 c).(Mi,j # key) 

i t i + l  if i < r  

otherwise 

[') if j s c  

o othetwise 

G-68 
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( 30.171 ) I'" 137Cs" 

4.795 x 10- "137Ba" 
yr nameisotope = 1 28.601 1 1 '"90Sr" I M-iife = 

0.007 I "90Y" ) 
"137Cs" 

"137Ba" 
137 

, ( "90Y" ) 
"137Cs" 

"137Bt" 

i.9a x 10" 

1.21 X 10'' dpm - SA = 
3 . 0 8 ~  gm 

Author: Date: b,h2h& 
J '  
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jk:=O. .I  
"137Cs137Ba" 

nmcisotopc = 0 "90St9OY' 

m2 = (9) 

G-70 
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"137Cs137Ba" 0 - 6  dpm 3.74 
SA2jk := Mh2jk,3. 10 Ik .- SA2 = ( )" nameisotope = ,,90sBoy,, 

gm 6.17X d4 @' 

"137Cs137Ba" 

S A 2 =  ( )- nameisotope = 0 "9OSfiOY" 
168.468 Ci 
211,928 gm 

"137Cd37Ba" 
&otope. := Mh2jk,5.10 Ik '- ci &sotope = nameisotope = 0 ,,90s190y,, 

Md. ,6 wan 

f 

heat-load2k := v o l ~ a s g  Pwast%- ([ 137C~137Bal)~.q2isotope~ f ([90Sr9°Yl)k'q2iSOtOpc,] 

3.611 x lo4 3.611 X lo4 

heat-load2 = [ , 7 ~ g 2  ]watt compares to  ==> heat-load = [ 17:92 jwan 
3.61 x lo4 3.61 x io4 

(1.232X IO5) (I231 X IO5) 

0 &TU 
heat-load = I 61.001 IT 

0 BTU 
heat-load2 = I 61.049 1, 

(1.232X 10') 11.231 X 10') 

a1 := . .  
i ,.-..-+7L 3611342' 
j 1.59E-23 I ?.89153! "rpp5926-r2-05-DecayHeatGRlnput020203 .XIS" 
1.36095.53L 

Write results t o  excel file 

Author: L 
G-71 
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6.6.  RPP-5926 Rev. 2: 06 Hydrogen Generation Rate Calculations -- Single-Point 
Calculation - Calculation Note RPP-5926, Rev 2 - Tank 241-AY-102 with Water Fill 

SA Barker 

input Data., .................................................................. 4 

Calsuizttions. ................................................................ .8 

Hydrogen Generation Due To Til6malwpla .............................. ,8 

Hvdrorren Generatfan Due To Radiohis ............................... . I3  

Hvdroaen Generation Due To Corrosion. ............................... . I6 

Total Hydronen Generation Rahr ....................................... . I 7  

stsadvstate Wdmgen CancentrMon (Aksumina Normal Ventlletion Rate) 18 

Steadv-Stath Hydroaen Concentration (Assumina BaromsMc Breathing 
Venillation Ratel.. .................................................... . I 8  

Gas Releass Rate flnd6Rendent OfVentllation Ratsf., ................... . I 8  

Generation Rates Of Ammonia, Methane. And Nitrous Oxide ............. . I 9  

Date: 
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Steady-State Ammonia. Methane . And Nitrous Oxide Concentration 

Steady-State Ammonia. Methane . And Nitrous Oxide Concentration 

Determine The Overall Steadv-State Flammable Gas Concentration With 
Loss Of Ventilation ................................................... 20 

Calculate The Cornposition Of Ail Components At Time 't' . . . . . . . . . . . . . . . .  20 

Time To Reach 25 %LFL ............................................... 22 

Time To Reach 60 %LFL ............................................... 22 

Time To Reach 75 %LFL ............................................... 23 

Time To Reach 100 %LFL ............................................. 23 

Ventilation Rate To Keep Concentration Less Than 25 %LFL . . . . . . . . . . . . .  24 

Ventilation Rate To Keep Concentration Less Than 50 %LFL . . . . . . . . . . . . .  24 

Ventilation Rate To Keep Concentration Less Than 75 %LFL . . . . . . . . . . . . .  25 

Ventilation Rate To Keep Concentration Less Than 100 %LFL ............ 25 

Additional Calculations -- Estimated Time To LFL With Zero Ventilation . . . .  25 
Summaw Section ........................................................... 27 

Input Data ............................................................. 27 

OutDut Data ........................................................... 28 

Hvdroaen Generation Rate Due To Thermolvsis . Radiolvsis. And 
Corroslon ....................................................... 28 
Overall Hydroaen Generation Rate ................................ 28 

SteadvState Compositions ...................................... 28 

Flammable Gas Concentrations After Loss Of Ventilation At Selected 
Time Periods .................................................... 29 

Time To Reach Various LFL Levels ................................ 29 

Minimum Ventilation Rates To Keep Headspace Composition Below 
Selected LFLs ................................................... 29 

Gas Concentrations At Time To Reach Various % LFL . . . . . . . . . . . . .  29 

lAssuming Normal Ventilation Ratel .................................... 19 

lAssumlng Barometric Breathing Ventilation Rate) ....................... 19 

G-74 
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I." 

ame Is "FGS Input 020203 .X IS ' '  

excel - 

Author: -L22582 
G-75 
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Input Data 

Waste Properties (Crust Laver Volume Is Included In Solids Laver In This Example) 
11 ==r Total Waste, 2 ==> Crust 3 ==> Liquid Waste, 4 ==> Solid Waste) 

TanL-td - '141-AY-lU2' TFll - s e a r c ~ T d - * d . '  ' .I) 

TankPam, - subsqTd-td,TFII + I .2) 

TFll = 3 000 

T & m  = 'AY' 

TmkNames3 I ~ t s c k ? T ~ a m s ~ l . T d a m s r a )  

11 I1 111 

nsl = 11 
11 

wni-rata - aM rfm From (E ngnam 2003) 

Find The ApproDnate Tank Speciiic Information: 

fil - Fmdlnde<TmkNamss3.Tank-t6) 
% l = (  23.000 ) 

1,000 

t d & T  :- [(fill - 1).3] + 3 

1 clarr,t. :- $(fill < 29)."dst" ."s.t" 

1ankhT - 69.000 C o b  :- 1s 

t a n k a  :- t d ~ T  f 1 

:= tatlki&T + 2 

class,tc - "dst" 

... The Following Data IS From Hu 2001b. Except Where Noted 

[ NO21 := 

excel t & T , c o h + l )  
f 1.205 ) 

G-76 
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[ NO31 := 

(194.845) 

[WSr] := 

14.955 

100.206 pgm 

14.955 mL 

100.206 1- 
pCi  - 
gm 

G-77 
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1 594 x 10- 23 
17 892 

H e ~ ~ o a d i 3 7 c ~ - w s r  = 
H c a t L o a d l 3 7 ~ ~ _ ~ ~ ~  - s i c &  watt 

Calculated By Barker In 

K Ttmp,tc= E:]. From (Bingham2000) 

watt 

TemPnp := c'cc~l-,&~+lo + 273.IS].K ~ c m ~ a p  - 316.761 K From (Bingham 2000) 

Make Sure You Run The File '"Decay Heat Generation Rate 011 129 .MCD" 

Author: 

G-78 
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Re: 
'Ta 

C \ \Tanklnfogost-1999 XIS 

j := I .. 27 

na. := j 
J 

nme :- augnent(na,Tdci) 

T & m  = 'AY" 

fi:= FindIndc<nmc,T&arm)) 

estimation Of Waste Depth 9.592 x IO- in 
31978 

61.966 ) 
V O l k d  :- volt&& - vo&ts voihCd = 3.569 x io 4 3  n 1 

Waste 
Info-pi 

roperties From Excel File 
-1999.xls" 

Dome-Space Methane Nitrous Oxide And Ammonia Concentrations (Bingham 2000) 

G-79 
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Ammonia Diffusion Information (see Rpp5926 R1 . Calculation Of M a s  Transport Coefficient H 
For Soluble Gas AY-102 . m d  (from File "rpp5929~r2~04~NH3CALOulpulDala0020203.xIs" 

C \ \rpp5926~R~04~NH3CALOulputDala0020203 XIS  

mol 
KH :- NH31y- 

L- atm 

mol KH = 21.617- 
L. atm 

L V, = 24.155 - 
mol mol 

V, := NH31n4.- L 

mol - 3 mol [NH3%] := NH31n5,- [NH3kq] = 2.072 x 10 - 
L L 

P r  1,atm 

Vcnt-fattcbb + ( ~ A - N H Y K H - P J J ~  kl NH3 = 3,309 - 4  mtn . - 1  
kl-NH3 := 

volhead - 

Gas Concentrations At LFL 

End Of Input Data 

Calculations 

i:= 1..4 

Hydrogen Generation D u e  To Thermolysis (Hu. 2000 - Eqn 4-81 

Define Constants (Based On Hu (2000) Eqn 4 8 )  

Thermolysis pre-exponential Factor (Hu, 2000 - Eqn 4-8) 

G-80 
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rf:- 

activation Energy (Hu, 2000 - Eqn 4-8) 

Reactivity Coefficient (0.7 For DSTs, 0.4 For SSts) 
(Hu. 2WO. Eqn 4-8) 

0.4 if c1nss-t. e 'sst" 

0.4 if class,t, m 'SST" 

0.7 othenvise 

i bDNl - 8.3144139- Gas Constant 
gmo1.K 

5.424 IO- 
kg 6 

WH20 - 
3.655 x 10 

( 3.5mX 105 I 
Check Units On Input Data 

( 667.382 1 
3 2 . 1 2 4 ~  10 

667.381 
[TOC] = 

[All = 

0 14.955 x 10 

0 lM.206 x IO 
0 14.955 x 10 

0 100.206 x 10 

G-8 1 
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t 
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H G " l v  - 

Calculate The Hydrogen Generation Rate Due To Thermolysis (HGR,,,*,,) 

1 klml 

9.805 x 10- I7 

4.707 x 

(1.078 x 

1.412 x 10- l3  
0.068 

HGRtb- = 

( 0.091 

( 0.137 ) 

( 0.079 ) 

( 9.521 x 10- 

8.455 x 10- l7  

4.059 x 10- ' HGRthem-scf - 
( 5.462 x 10- 

G-83 
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rf := 

Hydrogen Generation Due To Radiolvsis MuHu, 2000 - Eqn 4-16) 

Constant Definition (Based On Hu p000) Eqn 4-16) 

Reactivity Coefficient OfTOC (0.7 For DSTs 
0.4 For SSts) (Hu. 2000 - Eqn 4-16) 

0.4 if class,t, z 'est" 

0.4 if class,te = 'SST" 

0.7 othsnvisc 

Activation Energy Of G In Organic Radiolysis 
(Hu, 2000 - Eqn 4-16) 

[NO31 - 

6 moliculos w:- 1.48 IO .- pre-exponent al Factor Of G n Otganic 
Radio p i s  (du. 2000. Eqn 4-16) loo ev 

4.273 x IO 
0 294.845 x 10 pgm - 

O m L  4.273 x 10 

4.755 x 10- 

- 5  6.892 x 10 

default Water Radiolysis G-value 

gmol 
~ 

liter 

6.892 x 11 

Author: 

G-84 
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[NO21 - 
1.20s x 10 

228.866 x 10’ 

1.20s x IO 0 

0 

(2.619 x lo-’ 

I ;.-3 

3.379 x 10- 
pCi  

9 HCaLaad137Cs-90S~ = 
3.792 x 10 

7.6SC x 10” 

( 1.232 x 105 

I 1 . 2 3 2 ~  105 I 
( 3.611 x lo4 

3.610 x IO 4 J  

Hbad 

7.493 x 10- 

1 . 1 1 7 ~  1 0 - l ~  

0.039 
4.590 x 10- 

Author: Date: 
/ 
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9954% 10-21 A3 

1.367 x 10 
H G R d  = - H G R d  = 

-8 kgday 

1.232 x gmol 

- 8  kgday 1.727 x 10 
~ 

G-86 
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bm:- 

1.6146 x HGR& - 
0.0618 

3 

m -rmn 

8 m  
Corrosion Coefficient (1 B3E-08 
For DSTs, 3.6E-OB For SSts) 

3.6.10- .- if class,t. "sst"  
2 

3 (m3lminlmz) Reference 

(Hu, 2001 B . Eqn 2-1) 

- 8  m 
3.6.10 .- if ~ 1 a r s - t ~  "SST" Temperature Is 25OC 

2 m .rmn 
3 

1.83.10 ,- othennse  
m -mm 

-8 m 
a 

( 36.5565 

( 31.571 

G-87 
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1.20lx10-16 fi3 

4.418 

- H q o n  = 

(6.901 x 

1.036 x 10- l6 

3.801 x l o r 4  
HGhon-scf - 

(3.099 x l o r 4  
( 0.994 

1.492 x 10- l3 

0.547 
HGhon-sct = 

G-88 
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Total Hvdroeen Generation Rate 

4.820 x 10 

1,427 x IO- 
6 3.898 x IO 
5 

- kg 

HGR = 

I 0.091 
( 36.618 

1 . 0 7 4 ~  10 

8.897 x IO- 4 
21.643 dnY 

3 

1.615 x HGR& - 
0.062 

I 36.557 

( 1.152 

1.730 x 10- l3 
0.635 

HGRcon - 
0.518 

HGR := ( H G R ~ ~ ~  + H- + H G ~ , , )  

( 0.02634 

+ 

At Headspace Temp ... 

G-89 
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( 0.023 

1.882 x 10- 

At Standard Conditions 

fl3 - 
day 

32.708 

2.709 x IO- l3 
0 . a 9  
3.048 

Steady-State Hvdroeen Concentration (Assumine Normal Ventilation Ratel 
HGRl 

[HZssl '- HGRl + vent-rate 

[HZ,,] = lOS.349ppmv 

[HZ,,] - 0.011% 

Steady-State Hydroeen Concentration (Assumine Barometric Breathing Ventilation Ratel 

Gas Release Rate (Independent Of Ventilation Ratel 

(3-90 
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Calculate Generation Rates Of Ammonia. Methane. And Nitrous Oxide (Assuming No 
Gas Retention1 

GRN~o = 2.500 x I O w 3  ch [ N2O].vent-fats 
1 - rNml 

GRN~o := . .  
Steadv-State Ammonia, Methane. And Nitrous Odde Concentration (Assuming Nonnd 
Ventilation Rate)(Just A Check Of Methodology) 

- 4  [NH3,] = 4.290 x IO % 
ORNH3 

GR"3 + vent-fats 
[NH3,] := 

[N20,,] = 1.000 x w 3 %  O R N ~  
[NX)ssl '- GRNW + vent-fate 

Steady-State Ammonia. Methane, And Nitrous Oxide Concentration (Assuming 
Barometric Breathing Ventilation Ratel 

NH3-1000-day - 94.962ppm 

Author: Date: 

G-91 
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Determine The Overall Steady-State Flammable Gas Concentration With Loss Of 
Ventilation 

[Conc_tt&.-&] - 484.109%LFL 
Set Variables Into Array. Where 1 => H2,Z => "?,, 3 => CH4. And 4 => NZO 

0.026 

Rate 

0.026 

(Assume No Retention) 

GRNxl 

0.011 

Initial Concentration Rate 

Slate With Normal Ops) 
1.444x 10- (Assume At Sleady- 

1.000 x 10- 

Calculate The Composition Of All Components At Time 't' 

Special Calculation For Ammonia (Soluble Gas) 

G-92 
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conc(0.sec.l) = 0.011% conc(1000.day,l) = 19.030% conc(1000.day.l) = 4?5.?59%mLH2 

conc(O.scc,2) = 4.290 x IO-4% cmc(lOW.day.2) = 9.496 x 10-3%/,:onc(1000~day.2) = 0.063%I-FLNH3 

conc(o.sec.3 - 1 . u x  conc(lOW.day.5) - 0.319% conc(l000. day,? = 6.384%LFk~4 

conc(o.ssc.4) =LOW x conc(lOW.dsy.4) = 2.170% 

t:= 0.10..3000 

20 I I I I I 

conc(I.day.1) 

- 

..... 

- -  , _ _  _ _ -  ---- -- 
0; 500 1000 1500 2000 2500 

i.&y 

&Y 
- 

00 

Calculate Steady-State Flammable Gas Concentration At Normal Operating Conditions 

1 
conc(z.1) conc(z.2) conc(z.3) 

~ L H Z  LFL“3 W k H 4  

L F W Z )  :- 
-+-+- 

G-93 
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4 L F w O . d a y )  - 3.716 x 10 96 

LF-100 day) - 48467% 
Calculate The Time To Reach Vaxions Fractians Of The LFL 

Time To Reach 25 KLFL TOL .- aMol 
conc(z.1) +- conc(z.z) +-) conc(z 3) 

LFLH2 LFLNH3 u k H 4  
%WL 

- U  f(z,!l) := 

2: -  lO.day Initial Guess 

temp25 := Rc(root(f(z.un) ,a) 
tcmp25:= -5.day Initial Value In Case Solution 

Cannot Be Found 

Time To Reach 50 %LFL 

tlfl:=50 

I : =  IO-day Initial Guess 

temp50 := Rc(root(f(z,tifl) ,z)) 

temp50:= -5.day Initial Value In Case Solution 
Cannot Be Found 

G-94 
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Time To Reach 75 KLFL 

conc(z,l) conc(z,2) +-) conc(z 3)  +- 
u L H 2  LFLNH3 -4 - ,5 

%LFL 
f(Z) :- 

I:= l0,day Initial Guess 

temp75 := Re(root(f(z) ,$) 

temp75 = 30.215 day 

temp75 := -5.day Initial Value In Case Solution 
Cannot Be Found 

f(z) := 
%LFL 

z:= 10,day Initial Guess 

tempi00 := Re(root(f(z) .z)) 

tempi00 := -5.day Initial Value In Case Solution 
Cannot Be Found 

Author: 
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m u m  Ventilation R a t e s  N e e d  To Prevent Headspace Concentrations From 
Reaching V a i o u s  L e v &  

+ . lo]].vm 

Ventilation Rate To Keep Concentration Less Than 25 %LFL 

Conc-m(z.1) + Conc-w(z.2) Conc_v@,3) 

% E L  

+ ( uLH2 E L " 3  f2-25(+ :- 

I:- .Ml.cfm Initial Guess 

tamp25 :- root(fl-25(z) ,z) 

temp25 :- -s-cfm Initial Value In Case Solution 
Cannot Be Found 

temp25 = 2.642510 c h  

vent-ratel 25YJJL:= $(temp25 < 0.cfm.0.c~m.temp25 + O . O O I . C ~ )  

vent-ratel 2 5 7 . ~ ~  - 2.644ch - 

Venlilation Rate To Keep Concenlralion LessThan 50 %LFL 

Conc-w(z.1) Conc-w(z.2) Conc-w(z.3 + + 

%LFL 
[ wLH2 wLNH3 n-so(z) := 

Conc-w(z.1) Conc-w(z.2) Conc-w(z.3 + + 

%LFL 
[ wLH2 wLNH3 n-so(z) := 

2 : -  .OOI.cfm Initial Guess temp50 :- -S.cfm Initial Value in Case Solution 
Cannot Be Found 

tamp50 := mot(ff-50(z) ,z) 

temp50 - 1.306943 cfm 

vent-ratel SOY.EL:= if(tempyj < 0.ch.0.cfm.ternp50 + O.OOI.CF~) 

olhenvlsc 

Date: 
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vent-ratel 5 0 y . u ~  - 1.308 cfm - 
Ventilation Rate To Keep Concentration Less Than 75 %LFL 

1 Conc-vt(z.!) Conc-vt(z,a) + Cons-Nz.3) 

%LFL 

+ 
LFLcH4 - 74.999 

[ uLH2 ULNH3 f2-7Xz) := 

z:= .oD!-cfm Initial Guess temp75 := -5.cfm Initial Value In Case Solution 

temp75 :- mot(f"75(r) ,I) 

temp?:, = 0.862298 cfm 

vent-ratel 7 5 y , p ~ : =  $(temp75 < O~chn.O.cfm.tcmp75 + 0.001-cfm) 

vent-ratel - 7 5 y . v ~  - 0.863 cfm 

Cannot Be Found 

Ventilation Rate To Keep Concentration Less Than 100 XLFL 

Conc-vt(z, I) Conc-vt(z.a) C o n c - ~ r . T ~  + + 

%LFL 
( ULH2 uL"3 n-loo(z) :- 

z:= .OOl.cfm initial Guess 

templm :- root(f2-lW(z) ,z) 

templwo := -5.cfm Initial Value In Case Solution 
Cannot Be Found 

Additional Calculations --Estimated Time To LFL With Zero Ventilation 

Tank Headspace Hvdroaen Cancentration : 
-6 vent-rate,b :- 1.10 .cfm 

%H2h:= 1W.[H2,, - bb] %H2li,= 19.104 volume % Hydrogen 

%LFLh:= IW.[H2,, bb].- %LFLli,- 477.591 % LFL Based On Hydrogen 
100 

- 4  

Author: Date: 
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Final Hz Cancentration To Meet  25% (NII3 And CH4 Included) E- GU COU- - NtphUlCrmdaum: 

Final H2 Concentration To Meet 50% ("3 And CH4 Included): 

H2 50% - 1.945% - 
conc(SO.day.?~ conc(M.day.3) H2 50% :- 0.0004. 50 - ( %LFLNH3 9hWkH4 - 

FinalHz Cancentration To Meet  100% ("3 And CH4 Included): 

H2 looye = 3.891 % 
conc(ll7. day.2) - conc(l l7.day.3) 

0 '- 0.0004. 100 - [ 9bLFhH3 %wkH4 
H2-100/. 

Time To Reach 50% LFL With Zero Ventilation: 

Author: Date: " ,  
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S u m m a w  Sedion 

Input Data 

Waste Proueltier (1 ==> Total Waste, 2 ==> Liquid Waste. 3 ==> Solid Waste] 

Tmk-id - "241-AY-102" classWte - "dst" 

4.273 1.205 667.382 

[TOC] = 1 2.124 667,382 x IO '1 [NO31 - k\ [NO21 = [2:::y] !? 
mL 

( 2 . 1 2 4 ~  IO3) 

14.955 ) 
100.206 p.gm 

14.955 l- mL 

100.206) 

[137C 

FH20 - 

(294.845) 

33.616 '1 175.680 #! 1.000 x 10- l2 - [see 
6 . 4 6 6 ~  gm 

(228.866) 

3 1.097 x 10 

1.000 x 10- l2 @i 

0.687 gm 
3 5.729 x 10 

345.150 
345.150 I 345.150 

Temp-te - 318,150 
1.427 gm 

1.062 

1.117 

1.427 

( 3.611 x IO4 7 
1 

3 volt& = 1.407 x LO Lcllo. gal vent-rate = 250.000 cfm 

AN Tank Farm: Tank Data 

d i a m t d  - 75.DDOR htt& - 
Dome-Space Compositions 

413.944 

9592 x IO- l1 

351.978 
61.966 

K 

vent-rateb!, = 0,112 cfm 

in estimation Of Waste Depth 

[CH4] - 1 . 4 4 4 ~  

End Of Input nata 

[NZO] - 1.000 x [NH3] = 4.290 x 

+ 

Author: 
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H G h p  = 

Output Data 

Waste Properties I1 ==>Total Waste. 2 E=$ Crust3 --> L i a a d  w e .  4 ==> Solid Wane) 

Hydrocen  Generation Rate Due To Thermolysis, Radiolysis. And Corrosion ... 
( l . l 0 4 ~ I O - ~ )  ( 0.02s \I ( 8 003 x 10- 

1 . 8 8 2 ~ 1 0 - ~ ~  
cfm 

4.577 x 10- 

Overall Hydrogen Generation Rate ... 
a t  The Headspace Condltions ... 

( 0.026 

2.181 x H G R s l  5 . 3 0 8 ~ 1 0 - ~  l c fh  
0.026 ) 
3.930 

0.764 I 37.165 

HGR 3.142 x 

Steady-State Compositions 

Hydrogen At Normal Ventilation Rate ... 
[HZ,] = 0.263%LFL~2 

Ammonia At Normal Ventilation Rate ... 
[NH3,,] = 2.860 x 1 0 - 3 % L F L ~ ~ 3  

Methane AI  Normal Ventilation Rate ... 
[CH&] = 2.889 x 1 0 - 3 % L F k ~ 4  

at Standard Conditions (273°K) ... 
f 0.023 \1 

\ 0.022 ) 
( 32.708 

32.048 

:fm 

At Barometric Breathing Vantilation Rate 

[H& bb] = 477.591 %U&2 - 
At Barometric Breathing Ventilation Rate 

[ NH3ss bb] = 0.063 %LFL"3 - 
At Barometric Breathing Ventilation Rate 

[CH4, &] = 6.454%.LFk~4 - 
Nitrous Oxlde At Normal Ventilation Rate ... At Barometric Breathing Ventilation Rate 

- 3  
[N2OSs 134 - 2.192% - [N20ss] = 1.000 x IO % 
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Flammable Gas Concentrations After Loss Of Ventilation At Selected Time Periods 

c o n e d 0  day) - 0 269 %LFL 

concd100  day) = B6328%LFL 

c o n c d 1 0  day) = 26 441 %LFL 

conc,(109 day) = 48410996LFL 

Time To Reach Various LFL Levels At Loss Of Ventilation wdws = 1floox10P- 
Condition Docs No1 Occur) 

The1  M%LFL - 19.525 day Time1_100"/.UL - 41.580 day 

Time To Reach Various LF'L Levels At Zero Ventilation p h b s  = inoo~int~ndic.les 
Condition Does Not Occur) 

Timc-zb2 2 5 y . u ~  - 9.089 day 

Time-zb2 5 0 y - u ~  = 18.386 day 

- 
Tknc-zb2 loo yo^^ = 37.252 day - - 

Minimum VentilationRates To Keep Headspace CompositionBelmvSelectedLFLs 

vent-ratel 2 5 % ~ ~  .I 2.644 cfm 

vent-ratel - 5 0 y - w ~  - 1.308 cfm 

vent-ratel 7 5 % ~ ~  - 0.863 cfm 

vent-ratel - LOOY.LFL = 0.641 cfm 

- - 

Gas Concentrations At Time To Reach 25% LF'L After Loss Of Ventilation wdws = 

1floox1mIndic.lcs co- .. 
H2 [H225] - 0987% [HZ251 - 24.665%LFL~2 

"3 [NH325] - 9.395 x [ "3251 = 0.063 %LFL"3 

CH4 [CH425] - 0.014% [CH425] - 0.272%LFk~4 
Gas Concentrations At Time To Reach 50% LFL After Loss Of Ventilation wdm~ = 

I nnoxiot D~~ N~ 1 Oecurj 

H2 [H250] - 1.976 % [H250] = 49.3899bLFLH2 

NH3 [NH350] - 9 . 4 9 5 ~  [NH3m] - O.O63%LFL"j 

CH4 [CH450] = 0.027% [CH450] - 0.547%LFkH4 

Gas Concentrations At Time To Reach 100% LFL After LOSS Of Ventilation N ~ W S =  

Ul&X!~Jndlcate.ter Condition Docs No1 O m  

H2 [HZlm] = 3953% [HZIOO] = 98.830%LFL~2 

"3 [NH3100] - 9.496 x [ NH31001 = 0.063 %LFL"3 

CH4 [CH4100] - O.OSS% [CH4100] - 1.107%LFkH4 

Author: 6~k$dz Date: 



Author: 

WP-5926 REV 2 

This page intentionally left blank. 

G-102 



RPP-5926 REV 2 

G.7. RPP-5926 Rev. 2: 07 Calculation of Mass Transport Coefficient "h" for 
Soluble Gas -- 241-AY-I02 Filled With Waste 

CH2MHILL 
&M G q  tm. 

SA Barker 

Calculation of Mass Transport Coefficient 
"h" for Soluble Gas 
241-AY-102 Filled With Waste t 

References 

Hu. T. A., S. A. Barker. D. C. Hedengren, M.A. Kufahl. 2001, "Steady-State Nammable Gas Release Rate 
Calculation and Lower Nammability Level Evakratjon for Nanford Tank Waste". RPP-5926, Rev. 1 , 
CH2MHlLL Hanford Group, Inc., Richland, WA. 

Input Data 

Constants 

pg:= 1.17,- kg 
3 

Density of gas 
m 

2 
- 5  m Dg:- 2.50 x IO .- Diffusion coefficient in gas phase 

6 

e:= 2.0.10 - 5 . 3  

g=9.807- 
2 

AT :- 1-K 

Viscosity of gas 
m s  

gravitational number 

Temperature difference between waste sutface and gas 

Thermal expansion coefficient of Gas 

m 

- 3  1 pg:= 3.30.10 .- K 

:- 5.7825.m Characteristic Length (1/4 of Diameter) 

2 
DL:- 2.8.10 .- Diffusion Coefficient in Liquid Phase - 9  m 

5 

Density of Liquid kg p ~ : =  1300,- 
3 m 

G-103 
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Viscosity of Liquid - 4  kg p~:-6.82.10 .- 
m r  

Thermal expansion coefficient of Liquid - 4  1 
p~:=3.02 .10  .- 

K 

MW"3 := 17.0307,- w 
mol 

Molecular Weight of Ammonia 

L 
mol 

h g ~ ~ h ~ ~ ~ - ~ & l : -  -0,0481.- Schumpe Model Coefficient 

Read Waste Information From "NIi3CALInrtu~ataOlOS29-07.xls" 

IData := 

C:\. .\NHXALlnputDataOl OB2B-07.xls 

Read Tank Infomation From "TanIcInfo.xIs" 

TData :- 
E 

C:\. .\Tanklnfo.xls 

Find Waste Properties 

TFII := r s a r c ~ T d - i d . " . "  .l) 

TankFann:. subsYTd-id,TFIl + 1,z) 

TFIl = 3.000 

TankFm= "AY" jl :- 1 . .  177 

TaMia1nes3 := stac~TanWame6l,TdName62) 

nnl.  '- jl 
11 . 

From (Bingham 2000) 

Find The Aaaropriate Tank Specific Information: 

fi1 := FindInde<TdNamer6.Td-i~ M := FindInde<Fmr,TankFsrm)) 

fil - [ pn"; ) M = (;E;] 
, ..-" , 

fami&:- + 5 fKmi& = 11.000 
t d ~ : -  fil, + 1 tank* - 24.WO 

Author: //A Date: '/fh2 
G-104 
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'.l143' 
,2174 
,1161 
,0648 

,1654 
,0922 
.0539 
.0128 
,0795 
,1423 
,2119 
.1117 

,092 

\.03l8, 

comp : 

'"a+" 

"AL+3" 

*Fe+3" 
"C*3" 
"Ni+2" 
"K+" 
"OH." 

"N03." 
"NO2-" 
"C03-2" 
"P043" 
"5042" 
"F." 
"CI." 

c o  := 

Component Concentrat 

.... 

.... ............................... AH 

Author: Date: 
/ 
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Calculations 

Schmidt Number 

Grashoff Number 

2 3  
gPg.Pg .% .AT 

2 
b 

10 ti, - 2.141 x 10 

Gr := 

Film Coefficient - Vapor 
1 - D %:= 0 . 1 S - ~ . ( S c . G , ) 3  Vapor Film Coefficient 

q - 1 . 5 8 7 ~ 1 0 - ~ 2  

r, 

Author: A& Date: 'bb 2_ 
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Film Coefficient - Liouid 
1 1 - 
3 - 

Liquid Film Coeficient 

-6fl hL - 3.306 x 10 
8 

13 Coi 

c,, P - i = l  
lorn 

mol 
3 x c,, = 3.553 - .............................................................................................. 

m 

13 c o i  
-.Hi 
mwi 

i - 1  CH,, :- 
1000 

mol 
CHsm = 0.430 - 

3 Y ................................................................................................ 
m 

9 In Water 

KH ,, = 18.743 .............................................................................................. z - 
KHo In Solution =D/POWER(I O.Y3+X3’51$6O)”AA3 

Mol KH := KHp.KH-rolr-con-fact .- 

Author: .A -Date: 
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...... mol 
L. atm 

KH - 11.348 - .................... 

Ammonia Concentration 

[ NH~L] - 0.035 - kg 
3 m 

["~LI 
[ NH3liqI :- - 

MWNH3 

- 3 mol 
[NH3liq] - 2.072 x 10 - .................... 

L 

Ammonia Partial Pressure 

P"3 - 1.826 x IO- atm .................... 

Molar Volume 

L Tiwdspwrcs 
mol 273.1S.K 

Vm:- 11.4.--. 

Steady-State Ammonia Concentration 

- 7 mol - 
L 

[ NH3,] - 164985 x IO 

..... 

..... 

...... 
mOl 

................................................................. .AG 

Equivalent Steady-State Ammonia Concentration In Lirpid Phase 

["SS-~L~~I :- K H . V ~ - [ ~ H ~ ~ S I +  

- 5 mol - [ NH3ss-keq] - 4.863 x IO L ............................................. 

Date: Author: 
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Mass Transport Properbes 

1382 cfm ............................................................................................ AK 

Steady-State Release Rate At Normal Ventilation Conditions 

"%'sr-wrm:' hA(["31ql- K H . [ " ~ - s s - & ~ I . P ) . V ~  

n, Mrm - 1.071 x 10 ch 

Off-Normal Barometric Vent Rate 

- 3  ............................................... - 

% 

day 
Q ~ f f ~ ~ r m a l _ ~ n t  := .45.-.~oltaad~pace 

- ~ , 1 1 2 ~ ~  ................. 
Qoff_nomm-vznt 

Off-Normal Constant, k, And k, 

- 4  1 - 
min 

kl = 1.71s x 10 

.AL 

.AM 

.AN 

h&[NH3liq] 
IC;! :- IC;! outpu'I := - 

Vamadrpacs mol - 
b - 1 . 1 8 3 ~ 1 0 - ~ *  L.min A0 ............................................................................................ 

L-min 

Off-Normal Ammonia Partial Pressure 

IC;! 

- ki 
P"3 on :- - .v,.P 

- 4  P"3 on= 1.79289 x 10 

PNH3 on - - 179.289ppm ........................................................................................... AQ 
aim 

atm ....................................................................................... AP - 

- Date: (+/&- 
G-109 

.. 



RPP-5926 REV 2 

Steady-State Release Rate At Normal Ventilation Conditions 

AR ~sspff-mm - 2.m x 10- efm ................................................................................. 

Ammonia Concentration At Time. t 

= 179.2S9ppm ............................................................................................ AU 

Ammonia Diflusion Rate At Time, t 

6NH3-t :- hA.([NH3liq] - Kw[NH3t]-P).Vm 

6 ~ ~ 3  t - 2.018 x 10 cfm ........................................................................................... AV - 5  
- 

KRT 
L. atm) KRT := Tvastc.K~0.08Z.( 
mo1.K 

KRT = 302.561 AW ........................................................................................... 

Film Coefficient - Liquid At Time t 
1 I - 

-6m hL, - 5.093 x 10 - .............................................................................................. 
J 

Film CoefEcient - Vapor At Time t 
1 - 

b@ :- 0 . l 5 . - q S c . ~ )  D 3 
4 

Vapor Film Coefficient 

~ - 1 . 5 8 7 ~ 1 0 - ~ ~  ........................................................................................... AY 
5 

Author: Date: 
,-c/ - v  
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Film Coefficient - Overall At Time t 

1 
1 KRT 

h :- 
Overall Film Coefficient 

-6m h-2384x10 - ........................................................................................... Az 
I 

S d a c e  Area 

a 

3 2  

area :- m(37.5.R) 

EA area - 4.418 x 10 A ............................................................................................ 

hrA := h.araa 

hrA = 2.241 e& 

Effective Surface Area (PercentJ 

............................................................................................ 66 

.......................................................................................... BC - 0.907 % 

Author: Date: 4/dz 
/ -  
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-30 ' 
-20 

-10 

.OOOl 
.3 
3 
3 

IO 
13 

M 
35 
SO 

70 

90 

110 

124 

123 

127 

130 
135 

140 

\ 145 

tunc :- 

Ammonia Concentrations As AFunction Of Time 

.day 

i:-1. .22 

- 3 mol - 
L 

[NH3llq] = 2.072 x 10 

K~-11.343- mol 
L. a h  

L 
Vm = 15.976 - 

mol 

/ 
Date: Author: 
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NH3i 
- =  

Author: L - Date: </./. E?- 
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- 
hx 70 

60 
50 
40 

__ 
- 
- 
- 
"-tt*-.tt**-. 

-10 

- 
- 
- 
- 
- 
- 
- ..................................................................... - 

I I I I t I I 

Output Resulls To Dataflle "rpp5926~rZ~O7~NH3COulputDal~OZOZO3.xls" 

R 
C:\..!1pp5926-r2-07-NH3CALOutputData0020203. XIS 

output output - 
1.183~ lo-' 

0.020 

1 1.348 
25.976 

2.072 x 
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6.8.  RPP-5926 Rev. 2: OS Decay Heat Generation Rate -- Based on Radionuclide Data, 

- 
Decay Heat Generation KaIe 
Based On Radionuclide Data SA Barker 

Reference: 

Ref Kirkpatrick. T D , and Brown. R C , 1984, Basis and Values for Specific Acttvtty and Decay Heat 
Generation Rates for Selected Radionuclides, RHO-SD-RE-TI-131, Rockwell Hanford Operations, 
Richland. Washington 

Brhg In The Radionuclide Data FI 

M := READPRN("sd-re-ti-13I.pm") 

k e y V V V V V V V V V V V V V V V V V V V V V  
O==> half-life (days); 
2==> Atomic weight (grnlgm-mol); 
3==> Specific Activity (dpmlgm); 
5==2 Decay Heat Generation Rate (WattlCi) 6==> Decay Heat Generation Rate multiplier l o x  WattlCi) 

1==> half-life multiplier l o x  (days); 

4==> Specific Activity multiplier l o x  (dpmlgm); 

M 

Author: Date: $bkz 
&-- 
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j :=  0,1. .61 

naj := j name := augment(na,me) 

k := 

kk := 

excel := 

-3.1 0 1.166103 4.16.109 7.305.104 1.123104 0.04 82.9 
$4  0 0 0 0 0 0 
- 5  0 2.581.104 9.44440s 2.368.105 1.604.104 67.467 220.1' 
6 0 2.581-104 9.444.104 2.368-105 1.604.104 59.727 214.41 

excel = : 

7 

B I  

0 12 581 104 19 444 104 12 368 105 11 604 l o 4  1 144 373 I 
01 2597 103 11 641 105 11 673 105 I 2q95t041 

277  7 

1371 I 351 8 

Tank-id '= *241-AY-lOZ" 

The following data IS from Hu 2001 b. except where noted 

tankl&T = 68 

tankid& = tank,&T + 1 

1.10-1 
[ 137Csl := 

exce&& 

Author: 4 

idcol := 33 - 1 

74.368 

I x 10-1: 

27.418 

179.452 

0 <<<< 7 

Date: 6/42 - 
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[ PO%] := 

r e x c c ~ ~ ~ . ( i d c o l - l )  1 f 1 . 8 0 8 ~  103) 

1x10-IZ p.ci - 1.10-L2 p.Ci .- [ 90Srl = 
CXCe&fi,(idcol-l) gm 1.524 gm 

Author: Date: 
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Find the approprlate radto-isotope specific information: 

FindIndex(M ,key) := r t rows(M) - I 

c t cols(M) - 1 

I t 0  

j t o  
while (j 5 c).(Mi,j f key) 

i + i + l  if i < r  

othcrcvlst 

j t j + l  

3 
u := fi 

in&:= 

Author: A 
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( 30.171 ) 

M. 
%.e wan .- 4isotop& := S k l r J I O  ci %dope = 

clirotopc = 

SA = 

SA = 

1.21 X 10'' dpm - 
3 . 0 8 ~  tor4 gm 

1.21 x 1018) 
86.486 

5.45 x 10s 

3.92 x 10- wan 

1.01 x l o r 3  

- 
1.16X l o r 3  ci I 

0.019 1- 
s.s3 x 10-3 
3.444 x 10- 

3.9~5 x IO- C1.k 

0.013 &m 

" 137Cs" 

"137Ba" 

"90Sr" 

"90Y" 
"137Cd 

"137Ba" 
nameisotope = ,,90sI,, 

"90Y" 

"1 37CI" 

"137Ba" 

"90Sr" 

"90Y" 

"137Cs" 

"137Ba" 1 "90Y" 

1 
m e i s o t o p e  = 

nameisotope = ,,90Sr,, 

"137Ba' 
nameisotope = 

( "my" ) 
("137Cs" ) 

I "9OY" ) 

Author: ,A& Date: L/4z 
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Check answer #1 

z:= 1 

in2 = (363) 

Author: ,A/% Date: 6 / 4 2  
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M x .  . I  11019.593 " 137Cr137Ba" 
half_lifdjk := Mh2. ,o.10 

wt2,tamic. := Ms, 2'- gpl 

Ik .day haf-lifc2 = 
Jk 

"137Cd37Ba" 
wt2at0mic = (137) nameisotope = 0 ,,90s190y,, 

nameisotope = 0 "90s190y,, 

nameisotope = 0 ,,90s190y" 

nameisotope = 0 "9Ds19Dyu 

S Ik' g m o l  90 &mol 

MS. 4dpm 3.74X Id4 dpm 1- "137Cs137Ba" 
SA2jk := G. 3.10 Ik' .- SA2 = ( 

Jk. gm 6 . 1 7 ~  d4 P 
"137Cd37Ba" SA,=( 168.468 )- Ci 

277.928 gm 

"137Cr137Ba" 

"137Cs137Ba" 

M&! ,6 watt 
q2isotope. := M,zjk,s.10 jk .- 

lk 

nameisotope = 0 "9OSBOY" 

(2.138 x 10') (2.156 X IO5) 

heat-load2 = 1 IF hca-load = 1 1- mBm 
1.729 X I O 3  1.727X IO3 hr 

1.948 X 10' 1.947 x 16 
a1 := 

j 63235.48' , , ~  

1..!:~E:??. I 506.4231 "rpp5926~12~OB~DecayHeatGRlnputO20203 .XIS" 
:ZOB.92  

Wiie retulls lo  excel file 

Author: Date: d,/&kz 
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(3.9. RPP-5926 Rev. 2: 09 Hydrogen Generation Rate Calculations -- Single-Point 
Calculation - Calc. Note RPP-5926, Rev. 2: Fill tank to 1,140 kgal With Same Waste 

Addition, 241-AY-102 

i- 

CHZMH I LL SA Barker 

Hydrogen Generation Rate Calculations 
Single-Point Calculation - Calculation Note RPP-5926, Rev 2 -- 
Tank 241-AY-I02 with Water Fill: 
References 

Hu,  T. A,,  2000, Empirical Rate Equation ModelAnd Rate Calculations Of Hydrogen Generation For 
Hanford Tank Waste. HNF-3851, Rev. OA. Lockheed Martin Hanford. Corp., Richland, WA. 

H u ,  T. A., 2001 , Steedy-State Flammable Gas Release Rate Calculation And Lowr Flammability 
Evaluation Fornanford Tank Waste, HNF-5926. Rev. 1 ,  CH2MHill Hanford Group, Richland, WA. 

Hu ,  T. A., 2001 b ,  Steady-State Fbmmable Gas Release Rate Calculation And Lower Flammability Evaluation 
For Hanford Tank Waste, HNF-5926, Rev. 2(draR), CH2MHill Hanford Group,  Richland, WA. 

Kufahl, M .  A.. And D. A. Hendengren, 2000. Hydrogen Generation Rate ModelCalculation lnput Data. 
RPP-6069, RevO. CHZM HlLLHanford Group, Inc.. Richland. WA. 

Bingham, J. D., M. A. Kufahl, S. A. Barker, Mm. ColJect;onAndAnalys;s Of Selected Tank Headspace 
Parameter Data, RPP-5660. RevO. CHZM HILL Hanford Group,  Inc., Richland, WA. 
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Steady-State Ammonia . Methane. And Nitrous Oxide Concentration 

Steady-State Ammonia. Methane. And Nitrous Oxide Concentration 

Determine The Overall Steadv-State Flammable Gas Concentration With 
Loss Of  Ventllation ................................................... 20 

Calculate The Composition Of All Components At Time 't' ................ 20 

Time To Reach 25 %LFL ............................................... 22 

Time To Reach 50 %LFL ............................................... 22 

Time To Reach 75 %LFL ............................................... 23 

Time To Reach 100 %LFL ............................................. 23 
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, .XIS" - 

e Name Is "FGS Input OM203 .xis'' 

~ 

n """ 

exce 

Author:, 

I- 

&- 
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tMkldXT.COlrd. 

tsnkiaxs.colax 
SXCSl 

e X C C 4 U & & ? l r d .  

Input Data 

1.769 x 10 

p w  2 .124~  IO 

1.639 x IO 

3 

3 
.- [TOC] - 

mL 

Waste Propelties (Crust Laver Volume Is Included In Solids Laver In Ths Example) 
I1 ==> Total Waste, 2 ==> Crust 3 ==> Liquid Waste. 4 ==> Solid Waste) 

Tank-id - '241.AY-lm' TFll - ssarcwank-Id, I.' .I) 

TatMann - subrqThn-id.TFII I 1 . 2 )  

TFll - 3 000 

T&ann= 'AY' 

Tanldiames3 - rtsc~TmkNames1,Tanldismcr2) 
11 - 1 177 

nal - ] I  
11 

vern-rate. lm cfm From (6 ngnani 2000) 

Find The Appropriate Tank Spedfic Information: 

fil - Fmdnds<Tanl;Names3,Td-1d) 

excel 

f i l -  [3 

3 

tanki&T :- [(fill - 1),3] + 3 thni&T - 69.000 coli& := 28 

t a n k a  := t*T 1 

t w : -  t* + 2 

1 cla6s,te :- q ( f i l l  < 29),"dst" ."sat" 

Cl.¶SS,t. * '&t" 

.The Following Data Is From Hu 2001 b ,  Except Where Noted 

[TOC] := 

[ NO21 := 

Author: /f&,/dL . , Date: - 
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pCi .- [msr] = 1 wo x 10- l2 1.10- 
[go%] :- 

exCelt+ .ca&+4 1.551 

1.10-12 
[ 137Csl := 

mkw,co4&+s excel, 

3 5.729 x 10 

1.210 

Author: Date: 6/'5fm 
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43.678 
F M ~  - ~loo .ooo  J% 

43.678 

T c m h p : =  ( cxcc 4-,coh+lo + 273.15).K T m h p  = 316.761K From (Bingham 2000) 

Make Sure You Run The File "Decay Heal Generation Rate 011129 .MCD" 

Read Results From Excel File 
"rpp5926~r2~08~DecayHeatGRlnput0202l 

( 6 533 x lo4 

HaaUoad13TCs gOsr :- crccU.watt 

Calculated By Barker In 
'"Decay Heal Generation Rate .MCD" 

- 
4 \ 6.482 x 10 

. X I S "  

watt 
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Read Waste properties From Excel File 
"Tankinfo-post-1 999 xis" C \ \Tanklnfo-post-I999 XIS  

j : -1 . .27 

na. :- j 
1 

n a w  :- mgmant(na,Tanklb) 

TankFarm = "AY" 

fl:- FindInds<nams,TmkFarm) 

estimation Of Waste Depth 
351.!778 

6 1 . 9 ~  

V O l L d  :- V O l t d  - vo&*a 4 3  
1 volbd = 3.569 x 10 fl  

Dome-Space Methane Nitrous Oxide And Ammonia Concentrations (Bingham 2000) 

[ 
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Ammonia Diffusion Informalion (see Rpp5926 R1 . Calculation Of M a n  Transport Coefficient H 
For Soluble Gas AY-102 .mcd (from File "rpp5929~rZ~O4~NH3CALOutpuIDala0020203.x1o" 

NH3h .- 
E 

C \ ~pp5926_R_07_Nr13CA_O~lpulDalaOD20203 XIS 

mol 
KH := "315- - 

L. atm 

mol 
KH - 11.348 - 

L. atm 

L Vm-2597b- 
mol mol 
L V, - NH31n4 - 

mol - 3 mol - 
L 

[ NH3llq]= 2 072 x 10 [ NH3@] = NH31n5 7 

P:. 1,atm 

Gas Concentrations At LFL 

End Of Input Data 

Calculatlons 

i:- 1 . .4  

Hydrogen Generation Due To Thermolvsis (Hu. 2000 - Eqn 4-81 

Define Constants (Based On Hu ('2000) Eqn 4 8 )  

Thermolysis pre-exponential Factor (Hu. 2000 - Eqn 4-8) 

Author: 
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If:= 

activation Energy (Hu, 2000 - Eqn 4-8) 

Reactivity Coefficient (0.7 For DSTs, 0.4 For SSls) 
(Hu, 2000 - Eqn 4-8) 

0.4 if clasr-t. I '1st" 

0.4 if class,te = "SST" 

0.7 othsnnse  

1 hOMt - 8.3144739- Gas Constant 
gmo1.K 

3 2 . 1 2 4 ~  10 

1.639 x 10 
[TOCI - pgm - 

3 m L  

5.424 10- 
kg 6 wH20 = 

3.607 x 10 

Check Units On Input Data 

( 1 . 7 6 9 ~  io3) 

3 ( 1.109 x IO 
0 100.106 x 10 

3 
1.48ox IO 

[All = 

(lOO.206 x IO 0 

Author: ,/$$Ad Date: 
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Calculate The Hydrogen Generation Rate Due To Thermolysis (HG 

(3.378 x 

2.681 x 10- ' 
1 . 6 4 4 ~  

4 
HGRh- :- HGRthm 

1 1 
i - 2  

( 2.412 ) 

(8.332 x 10-4 J 

Author: Date: $,$/z 
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rf:- 

HydroZen Generation Due To Radiolysis Mu. 2000 - Ean 4-16) 

Constant Definition (Basad On Hu (2000) Eqn 4-16) 

0.4 if clacs,t, s "sst" 

0.4 if classme "SST" 

0.7 olhemim 

Reactivity Coefficient OfTOC (0.7 For DSTs, 
0.4 For SSts) (Hu. 2000 - Eqn 4-16) 

Activation Energy Of G In Organic Radiolysis 
(Hu. 2000 - Eqn 4-16) 

[NO31 - 

6 moloculcs -249.10 - 
I rn  e 0  

294.84s x 10' pgm 

409.789 x 10 
- 

O m L  

pre-exponential Factor Of G In Organic 
Radiolysis (Hu, 2000 - Eqn 4-16) 

defa. I Water Rad o ysis G-value molsculss 
1m.sv oHlo_..1 - 0 MS - 

:NO31 
m o 3  
~ 

6.111 x 

4.73s x 10- 

6.6W x 10- 

4.735 x 10- 

g m o l  
liter 
- 
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4.431 x IO 

228.866 x 10' 

5.976 x IO 
0 

wp - 
3 m L  

( 0.096 ) 

(4.915 10-3) 

( 1.385 x d3 

I3 

S 

( 1.374 x IO 

( 2.229 x 10 

5 I 2.212 x 10 

L.Ci 

BTU 
hr 
- 

0.070 ) 

Author: /, - " 1- Date: 
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H G R d  = 

molecules 
100-ev 

.- 

‘ l . 5 9 4 ~ 1 0 - ~ ’  ‘ 2.013 

1.l49x 10-20 A3 1.451 x - H G R d  - 
1.538 x 10- - 7  k d a y  1.217 x 10 

\ 7.230 x IO-’, ~ 9 . 1 3 4 ~  lo-’ 

(0.151) 

molecules 
lO0.sV 

~ 

(0.282) 

&mol 
kg day 
- 
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QUE:- 

4 
H G Q 1  := HGQ, 

3 

m mn 

8 m  
3.6.10- .- if dass,t, = "ss1" 2 Corrosion Coefficient (1.83~-08 

For DSTs, 3.6E-08 For SSts) 
3 (m3Iminlm2) Reference 

(Hu, 20016 - Eqn 2-1) 

- 8  m 
3.6.10 .- d cLss,te m "SST" Temperature Is 25oC 2 m -my1 

273.15.K HGR& scf := HGR& - - 
T e m h p  

Hydrogen Generation Due To Corrosion Mu, 2000 - Ean 4-13 

Constant Definition (Based On Hu (2000) Eqn 4-17) 

3 
0thenvlse 

3 %,,= I a30x IO - 8 m  

m m  2 

Calculate The Wetted Area Of Steel (vertical Waste Storage Tank, Assuming A Flat 
Bono 

2 2 (7) hMltanli + I  CJJWmkhtt4~ II (F) + A  h e m ~  he& 
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HG%o,f - 
- R3 

5.635 x lo3 ) 
Calculate Hydrogen tieneration Due To Corrosion 

1.036 X 10- I6 R3 - 
-4 min 3.801 x IO 1.730 x IO- l3 

0.635 
HGRmtr- 

( 0.518 

2.404 x 10- 

1.320 x IO- 

1 . 6 6 8 ~  10-I 

6 . 1 1 4 ~  

(6901 x 7 

0.994 \I 

Author: ,&me: 
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Total Hydrogen Generation Rate 

massmfe = 

5.221 x 10 

1.427~ 
6 

5 

4.144 x 10 
k 

I 1.391 
77.896 

1.901 x 10-2f 
0.585 
77.311 
1.152 

1.730~ 
0.635 
0.518 

!thormv + HGI 

0.05657 ) 

HGR = 
1.55582 x 10- 

Ch 

{ 0.05m ) 
2.307 lo3 ' 

6.589 x 10- 4 
63.441 

HGR - [ 
3 2.243~ 10 , 

273.15.K 
HGF+ :- HGR.- 

TemRap 

At Headspace Temp. 

Author: ,Ab Date: 5/f2AZ 
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< 0.047 Ai Standard Conditions. 

70.245 

2.006xlO-'i]$ 1932 I 
68.313 ) 

Steady-State Hvdroaen Concentration (Assuming Normal Ventilation Ratel 
HGRl 

[H2ss1 '- HGRl + vent-rate 

[Ha,] - 226.226ppmv 

[H2,,] - 0.023% 
Steady-State Hvdroeen Concentration (Assuming Barornet& Breathe Ventilation Ratel 

HOR. 

[H&_bb] - 3.365 X ldppmv 

[HZ,, bb] - 33.650% - 

[H& - bb] - S41.260%JJw2 

Gas Release Rate (Indeoendent Of Ventilation Rate) 
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Calculate Generation Rates Of Ammonia, Methane. And Nitrous Oxide (Assumine No 
Gas Retention) 

G R N ~  = 2.500 x cfin 
[ N,?O].vent-ratc 

I - [NZO] 
G R N ~  :- 

Steady-State Ammonia, Methane, And Nitrous Oxide Concentration (Assuming Nonnal 
Ventilation Rate)(Just A Check Of Methodology) 

[ NH3,,] = 4.290 x 10- 4 %  
GRNH3 

[ NH3,J ;- 
GR"3 + vent-rate 

[CH4s] - 1.444~ lor4% G k H 4  
G W H ~  + vent-rate 

[ C H h ]  :- 

- 3  [N20,,] = l.000 x 10 % 
G R N ~  

[ NZO,,] := + vent-rate 

Steady-State Ammonia. Methane. And Nitrous Oxide Concentration (Assuming 
Bwornetlir Breathine Ventilation Rate) 

NH3-lOOO-day - 179.289ppm 

[NH3,, b] :- NH3-lWO-day [NH3,, bb] = 0.018% - - 
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1.073 x 

3.611 x IO- 4 OR = 

Determine The Overall Steady-State Flammable Gas Concentration With Loss Of 
Ventilation 

Generation 
Rate 

chn 

[COnC-tt&-bb] ./ 847834%LFL 

Set Variables Into h a v .  Where 1 => H2.2 => " 3 . 3  => CH4. And 4 => N20 

Concfit - Coned :- [E;] 

GR := [CzJ 

4.290 x IO- 
Initial Concentration Rate 
(Assume At Steady- 
State With Normal Ops) 

4 %  1.444x 10- 

( 0.051 \I 

Ratcnl :- 

0.057 

1.073 x I 3.611 x 
Ratemi- c h n  Release Rate 

(Assume No Retention) 
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conc(1.l) :- 

conc(0-rcc.1) - 0.023% conc(lOOo.day. I) P 33.612% conc(l000-day.1) - 84.307 %LFLHz 

conc(O.rec.2) = 4.290 x cmc(10OO-day,z) = 0.018% conc(lOOO.day.2) = o.I2o%LFLNH3 

conc(0-sec.9 - I . W ~  conc(1000.dayy,3) = 0.319% conc(l000-day.3) - 6.384%LF4~4 

conc(O.rsc,4j = 1.000 x 10 -3  % conc(l@OTday,4j = 2.170% 

1: -  0.10..3000 

conc(t.day.1) 

conc(t.day.2) 

COnc(t.daY.3) 

% 
- 

% 

% 

conc(l.day.4) 
7. 

- .  

II I 

Calculate Steady-State Flammable Gas Concentration At Nomiat Operaijng Conditions 

1 
conc(z,l) conc(z,l) conc(r.3) 

u L H 2  mLNH3 u k H 4  

LFMZ) := 

-+- +- 

Author: 
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4 L F M O  day) = 1750 x IO % 

LFLrmr(t00 day) = 23 977% 

Calculate The Tme To Reach Various Fractions Of The LFL 

Time To Reach 25 %LFL mL - cmmi 

! n l : - 2 5  

z:= l0.day Initial Guess 

temp25 := Re(rooi(f(z,tlfl) ,z)) 

tcmp25 := -5.day Initial Value In Case Solution 
Cannot Be Found 

Time To Reach 50 KLFL 

un:=so 

I:= 10,day Initial Guess 

temp50 := Rc(mot(f(r,tllI) ,z)) 

tempm := -5.day Initial Value In Case Solution 
Cannot Be Found 
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Time To Reach 75 %LFL 

I:- 10.day Initial Guess 

temp75 := Rc(root(f(z) , I))  

temp75 = 13.572 day 

temp75 :- -S.dsy Initial Value In Case Solution 
Cannot Be Found 

Thei-?s%uL:- if([Conc-m&,-bbl > 7S%,if(temp?s < O-day.O-day,temp75),10 9 -day) 

T i m e 1 _ 7 5 7 , ~ ~ ~  = 13.572 day 

Time To Reach 1oD %LFL 

conc(z.1) +- conc(z.2) +-) conc(r 3) 
uLH2 wLNH3 w k H 4  

%LFL 
- 100 f(z) := 

2: -  IO-day Initial Guess temploO := -S.day Initial Value In Case Solution 

temploo :- Ra(rmt(f(z),z)) 

temploo = 18.433day 

The1_1oo%uL:= X([Conc-m&s-&] > lMwO,if(tempioo < O.day,O.day,temp100) .lO9.dsy) 

The1 - I D O ~ ~ L F L  = 18.433 day 

Cannot Be Found 
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Conc-w(V ,I) := 1 - e  i f i < 2  

Ventilation Rate To Keep Concentration LessThan 25 YLFI 

Conc-w(z.1) Conc-w(z,a + Conc-w(z.3) 

%rn 
+ ( uLH2 uLNH3 n-ls(3 := 

2 : -  ,001.Cfm Initial Guess temp25 :- -s.cfm Initial Value In Case Solution 

temp25 := rool(fl-2S(z) ,r) 

tempi5 - 5.644076 cfin 

vent-ratel ~~ . / .LFL:-  if(temp2~ < o.cfm,o.cfm.temp~ + 0.00l.cfm) 
vent-ratel 2 5 % ~ ~  = 5.645 cfm 

Cannot Be Found 

- 
Ventilation Rate To Keep Concentration Less Than 50 YLFL 

Conc-v(z.1) Conc-w(z,Z) Conc-v(z.3) + + 

%LFL 
( uLH2 m N H 3  n-so(z) := 

2 := ,001. cfm Initial Guess tempso :- -5.cfm lnili 
Car 

temp50 := root(fl-SO(r) ,I) 

tempso = 1.791426cfm 

vent-ratel 5 0 y ~ ~ ~ : -  If(temps0 < O-cfm,O.cfm,tcmp~ + ~.~l.cfm) 

e In Case 
Found 

;oIulion 
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vent-ratel 5 0 7 , ~ ~  - 2.792 cfm - 
Ventilation Rate To Keep Concentration L e a T h a n  75 KLFL 

- 74.999 

Conc-+,I) + Conc-n(z,Z) Conc-v(z.3) 

%LFL 

+ ( uLH2 uLNH3 LFLcH4 ff-7Xz) :- 

2: -  ,001.cfm Initial Guess 

temp75 := roo!@-7s(1) .z) 

temp75 - 1.841383 cfm 

t~mp75:- -5.cfm Initial Value In Case Solution 
Cannot Be Found 

vent-ratel 7 5 7 ~ ~ ~ : -  if(tmp75 < 0.cfm,0.cfm,tcmp75 + 0.001.cfm) 

vent-ratel 7 5 % ~ ~  = 1.842 cfm 

- 
- 

Ventilation Rate To Keep Concentration Less Than 100 YLFL 

Conc-w(z.1) Canc-w@,a) Conc-v@.3) + + [ uLH2 uLNH3 B-lOO(Z) :- 
%Ln 

2:- ,001-cfm Initial Guess 

temploo := rool(ff-lOo(@,z) 

temploo = 1.366605 cfm 

templow := -s.cfm Initial Value In Case Solution 
Cannot Be Found 

Additional Calculations -- Estimated Time To LFL With Zero Ventilation 

Tank Headspace Hvdrogen Concentration : 
-6 vent-rntts,b := 1.10 .cfm 

% H 2 h : =  100.[HZ,, I,,,] % H z ~  - 33.650 volume % Hydrogen 

I W  %LFLh:- 100.[H2,, &I.--- 
- 

% U L h  - 841.260 % LFL Based On Hydrogen 
- 4  
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Final H2 Concentration To Meet 25% CNlU And CH4 Included) H- GU cm- AI m crmbdau: 

Final H2 Concentration To Meet 50% ("3 And CH4 Included): 

H2 50% = 1.943% - 
conc(M.day,l) conc(50-day.3) 

H2 joy. :- 0.0004- 50 - ( %uLNH3 % D k H 4  - 
Final HZ Concentration To Meet 100D/O CNlU And CH4 Included): 

conc(ll7.day.Z) conc(l17.dayy,3) H2 100y. = 3.889% 
- H2 looyo :- 0.0004- 100 - ( %wLNH3 9hLnCH4 

Maximum %LFL With Loss Of Ventilation (Assunre Gas Cone.- hull To Buomhic  Breathine AI 100% L a  : 

Time To Reach 25% LFL With Zero Ventilation; 

temp225 = 4.211 day 1 -volhed 

(HGR1 + vent-fntc.b) 

,{HGRl - ( 1  HGR + vent-ratezb).H2-25y. 

HGRl - (HORl + vcnt_rntezb)-H2fit 
temp225 := 

Time-zb2 ~ 25y.w~ :- 'f(LFhl-bnat% > ZS%.if(trmpq5 < O.day,O.day,tempqj) ,999999999.da.y) 
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S u m m w  Section 

Input Data 
Waste Properties (1 ==> Total Waste, 2 ==> Liquid Waste, 3 ==z Solid Waste) 

Tad-id s "241-AY-102" classwe - "dst" 
I 3 1  

378.889 4.431 x 10 1.769 x IO 

2 . 1 2 4 ~  10 

1.639 x 10 

~ 2 . 1 2 4 ~  lo3, 

3 

3 m L  
pgm [TOC] = - 

1-41] = 

3 \  
1.109 x IO 74.771 1.818 x 10 

1.MOx 10-12 Lc' 
1.480 x 10 1.551 gm 

3 5.729 x 10 1 w . m  175.680 

1.210 345.150 
1.427 gm 
1.130 mL 

1.427 

6.333 x IO 

206.423 I 6482x10 I 

I- 4 , 
1S94x watt T c m h p  = 316.761K 

4 

Hea~oadi37cs_msr = 

3 .  vcnt_ratc - 250.000 cfm vent-rate& = 0.112 cfm volt&= 1.417x 10 blo.gd 

AN Tank Farm: Tank Data 

diamtd = 75.000 R h a d =  

Dome-Space Compositions 

estimation Of Waste Depth I 413.944 

1.592 x in 
351.978 
61.966 

[CH4] = 1 . 4 4 4 ~  low4% [ N20] - 1.000 x IO- 3% [ "31 = 4.290 x 10- 4% 

End Of Input Data 

Author: Date: $/4- 
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Output Data 

Waste  R o p e r t i e s  (1 ==D Total Waste. 2 ==> Crust 3 ==> Liauid Waste. 4 ==> Solid Waste) 

Hydrogen Generat ion R a t e  Due To Thermolysis, Radiolvsis. And Corrosion. .. 

HGRth- = 

1.675 IO- 

1.496 x IO- Is 

1.086 x lo- 

9.662 x IO- 

ORs4 

cfm H G R b  = [ ''349 c f m  HGQ,, = 

4.064 x IO- 

Overa l l  Hyd rogen  Generat ion Rate ... 
at The Headspace Conditions ... 

( O.OS7 \I 

HGR = 

81.460 

2.327 x 10- l2 

2.240 
79.220 

f13 - 

Steady-State Compositions 

Hydrogen At Normal Ventilation Rate ... 
[ HZSs] = 0.566 %LFLH2 

Ammonia At Normal Ventilation Rate ... 
[ NH3,,] = 2.8W x 10- 3%LFL"3 

Methane At Normal Ventilation Rate ... 
[CHe,] - 2.889 x 10-3%LFLc~4 

8.003 x IO- 

1.201 x 10- l6 
c f m  

4.408 x 10- 

at Standard Conditions (273nK).. 

0.049 

1.393 x IO- Is 

1.342 x IO- 

( 70.245 \I 
H G ~ t p  = 1 2.006 x 10- l2 13 

1.932 
68.313 ) 

At Barometric Breathing Ventilation Rate 

[H2,, &] = 841.2604bLFLH2 - 
At Barometric Breathing Ventilation Rate 

[NH3,, bb] = O.lZO%LFL"3 - 
At Barometric Breathing Ventilation Rate 

[CH&, - bb] 6.454%LF4~4 

Nitrous Oxide Ai Normal Ventilation Rate ... At Barometric Breathing Ventilation Rate 

[NZO, &] = 2.192% - [ N20,,] - 1.000 x IO- % 

Author: - Date: q$LL 
G-150 



RPP-5926 REV 2 

Flammable Gas Concentrations After Loss Of Ventilation At Selected Time Periods 

conc,,,&dnfi - 0.571 %LFL 

conc&lOO.day) - 41?.OMI%LFL 

cooc&lO.day) = 56.090%LFL 

con~,,&~.day] - 847.834%LFL 

Time To Reach Various LFL Levels At Loss Of Ventilation Naluer = 1 ~ 0 0 x 1 0 2 ~  
COI&I#~ h e 5  NQt 0 C C W )  

The1 2 5 y . ~ ~ ~  - 4.312 day 

T h q  5 0 % ~ ~  - 8.868 day 

The1 7 5 % ~ ~  = 13.572 day 

T h e 1  1 0 0 % ~ ~  - 18433day 

- - 

- - 
Time To Reach Various LFL Levels At Zero Ventilation Ndms = 1 flOOxlO%J!&ah 
Conditbn Does Net O F C ~  

Tkns-zb 2 5 y . u ~  - 4.169 day 

Tinc-zb ~ O ~ J J L  - 8.488 day 

- 
Time-zb2 10~y.w~ = 17.282 day - - 

Minimum Ventilation Rates To Keep Headspace Composition Below Selected LFLs 

vent-ratel z s y . ~ ~ ~  - 5.643 c h  

vent-ratel M X ~ L  - 2.79l ch 

vent-ratel 7 5 % ~ ~  = 1.842 ch 

vent-ratel ~o~/..LFL - 1.368 cFm 

- - 
- - 

Gas Concentrations At Time To Reach 25% LFL After Loss Of Ventilation f l a l ~ r  = 

cs Not Occur) I n  DO .. 
H2 [H225] - 0.992% [H225] - 24.793%LFLH2 

"3 [NH325] - 0.012% [ "3251 = 0.0799bLFL~~3 

CH4 [ C H ~ S ]  = 6363 x M 3 %  [CH42j] - 0.127%LFLcH4 

Gas Concentrations At Time To Reach50Yo LFL After Loss Of Ventilation flaws= 
L O Q h U E P  .. 

H2 [H250] - 1.985% [H~SO] - 49637%WL~2 

"3 [NH350] - 0.016% [ "3501 - 0.106%LFL"3 

CH4 [CH450] - 0.013% [CH4501- 0.256%LF4~4 

Gas Concentrations At Time To Reach 10Ooh LFL After Loss Of Ventilation W ~ W S  = 

I flOOxl(F- IndLikr Condition Does Not Occur) 

H2 [H~Ioo]  = 3.975% [HZ1001 = 99.364%LFL~2 

"3 [NH3100] - 0.018% [NH3100] = O.I18%LFL"3 

CH4 [CH4100] - 0.026% [CH4100] - 0.518%LFLc~4 
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G.lO. RPP-5926 Rev. 2: 10 Hydrogen Generation Rate Calculations - Monte Carlo 
Calculation - Calculation Note RF'P-5926, Revision 2 Tank 241-AN-104 

CH2MHILL - Hanbrd Group, lnc 
SA Barker 

Hydrogen Generation Rate Calculations 
Monte Carlo Analysis - 241-AN-I04 
This Calculation Allows The User To Assign Uncertainty Information And Peform A Monte Carlo Analysis To 
Determine Uncertainty Bound For An Answer. 
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Read Waste Information From “FGS Input 020203 .XIS” 

“FGS Input 020203 

excel - 

~ mc .XIS*  

J -1 
Author: Date: 
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Input Data 

Waste Properties 
(1 ==> Total Waste. 2 ==> Crust 3 ==> Liquid Waste. 4 ==> Solid Waste) 

Tank-id :I "241-AN-104" TFll :- s e a r e ~ T d - i d , ' . ' '  . l )  TFll - 3.000 

TankFm:-  substa(Td-id.TFI1 + 1 .l) TankFarm - 'AN" 

TanlrNamss3 :e stac~Tdamssl .TankNamesZ) 

j l  :- 1 .. 177 

nal . :- j l  

vent-rate :- 1M.cfm 

Sei Monte Carlo Sampling Parameters: 

11 
From (Bingham 2000) 

NSamplcs :- 500 

S i z e  :- LOO 

number Of Individual Samples To Collect 

number Of Data Points In Each Sample 

Find The Appropriate Tank Specific Information: 

fil :- FindIndc<TanlrNamcs3 ,Tank-i+ 

t d & T  :- [(fill - 1)3] + 3 dfi~ - 1 2 . ~ 0  

t d x  :a tank&T + 1 

tdm :- d f i T  + 1 

1 class,te :- fil < 29 ,"dst" ,"sst" 

claes,tc - "dst" 

q (1  1 

..The Fol lwing Data Is From Hu 2002, Except Where Noted 

For The FoNowing Pammeters Use Liquid Data Onty .., 
3 wgm [TOC,] - 3.140 x IO - 

mL 
[TO&] :- e x ~ e l ~ + , ~ . ~  wgm 

5 wgm [N02-m] - 1.123 x IO - Pgm 
I t * , 4 . z  mL 

[ N02-m] :- exce 

- 2  BTU 
Ci:- 1.61.10 .- 

hr 
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excel 
t 4 T . 1 3  

1.10- l2  

excel 

excel 

t h . 1 3  

t 4 s . 1 3  

( 35.108 ) 

( 32581 ) 

Author: Date: 
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(314.150) 

Make Sure You Run The File "Decay Heat 

Tem~ap-sd' 4 K  

exce4al&T.21 

excel,al&r,21 

\ MkidxTJ  

K TemPMte-sd :- 

excel, 

Tem~waete-sd - E] K 

Heat Load Calculated By Barker In 
"Decay Heat Generation Rate AN.104.MCD" 

neralion Rate 01 1129 .MCD" 

Read Results From Excel File "rpp5926~r2~Ol~NH3CALOutputDalaOO~2O3~AN-lO2.xls" 

B 
excel2 :- 

C:\..tpp5926_r2~~2~DecayHeatGRl~~020203_PN-104 .XIS 

HeatL.oad137cs mI := excel2. watt 

Calculated By Barker In 
"Decay Heat Generation Rate .MCD" 

- -  
3 4.761 x 10 

J 

wait 

Author: Date: 
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HeatLoadi37cspo~ - Ed :- H s ~ ~ o a d i 3 7 ~ ~ - 9 0 ~ 1 - ~ . 0 . 1  

Tanldnfo := 

Read Waste Properties From Excel File 
"Tanklnfo.xls" C:\. .\Tanklnfo.xls 

j :- 1 .. 27 

na. :- j 
1 

TankFm - "AN" 

A :- FindInds<namc.TankFarm)) 

name :- augment(na.TankId) 

v01td :- T a n k l n f ~ ~ , , ~ , f l  3 

3 volt& - 14071dlO-gd 

vent-rate - lO0.WO ch 

vent-rate& := .OW, volt.,,& - volmts-m 

vsnt-rate& - 0.166 cfm 

d i q d : -  2 . T d n f 0 ~ ~  .R dim,.,,& = 75.OWft 

v04& - 188089fl 

1 

J.G ( 

1. 1 
h h d  :- Volwaste-m estimation Of Waste Depth 

sal 
T"Ldnf0(A1.8)~yl  

.--~mxlo-"l- 199.808 

V O l k d  :- volt.,,& - vob,e-nl 
366.331 

estimation Of Waste Depth 4 3  v o h d  - 5.312 x 10 ft 

166.523 

i:-  1 . .4  k:- 1 .. NSampler 

vObta-mI vO~wSrte-sdI 
vo&tei:= mom NSamples. 

Mogal * .o.gd 

1 

( (  
V O l h d  := volt& - v0l-tc 

Date: Author: , 
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masSIVBptei :- (Volwte;P-tej 

mass-tF := mom mass-teJ massmte - q:= Stdsv mass-tei) 
- 1  ( ( 

5.646 x 106 3.027 x 10' 

1 . 4 2 4 ~  

2.440 x 10 5 

5 

2.949 x IO 

2.749 x 10 2 . 8 3 5 ~  10 ) 

Dome-Space Methane Nitrous Oxide And Ammonia Concentrations (Bingham 2000) 

[H2-,] a .002l.% [CH4-m] := .0002.% [N20m] :- .0007,% [NH3-d :- .0021.% 

[H2-sd] := .00021.% [CH4-sd] := .00002~% [NZOd] := .00007.% [NH3 :- .00021.% - 
Ammonia Diffusion Information (see Rpp5926 R1 - Calculation Of Mass Transport Coefficient H 
For Soluble Gas AY-102 .mcd (from File "rpp5923~r2~01~NH3CALOutputDaia0020203.xls" 

NH3In :- 

C:\..Lpp5926~r2~01~NH3C~0utp~Data0020203~~-104x1s 

mol 
KH :- "315. - 

L- aim 
mol 

KH - 6.123- 
L. a b  

L L Vm 1- NH3In .- v, - 24.794 - 
4 mol mu1 
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Gas Concentrations At LFL 

LFLH~ :- 4-46 

Author: Date: 
/ 
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rf:= 

Caldatjons 

H y d r o g e n  Generat ion D u e  To Thermolysis (Hu. 2000 - E q n  4-81 

Define Constants (Based On Hu (2000) Eqn 4 8 )  

Reactivity Coefficient (0.7 For DSTs. 0.4 For SSts) 
(Hu, 2000 - Eqn 4-8) 

0.4 if classmt, e 'sst" 

0.4 if class,t, = "SST" 

0.7 othsnuisa 

Thermolysis Pre-exponential Factor (Hu, 2000 - Eqn 4-8) 9 &mol qh:= 2.76.10 - 
kg day 

MOJ 4h:- 89.33.- 
&mol 

activation Energy (Hu, 2000 - Eqn 4-8) 

3.068 x 10- 

8 7.532 x IO 

I Gas Constant %o,,,t - 8.3144739 - 
gmo1.K 

3.070 x IO- 
kg wH20-d i  

7.293 lo7 

rf - 0.700 

Calculate The Weight Fraction Of Liquid In The Waste 

FH20i :I (mom(NSampleSJH20 - 2  m . . F m - s d j ]  

wH20 ,  :- -j 
WH20-y  1- meM(WHP3 WHZO-ed, :- Suev(WH2Oj 

8 1.379 x IO9 7 ( 1.346x 10 

7 6.017 x 10 6338 x 10' ) 
Check Units On Input Data 

Author: - Date: 
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&mol 
k g  day 

.- 

( 4.925 ) 
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1 584 x 10- 

(: 

cfm HGRthsnnv_bcf- 
1614 x 10- 

If:- 

M0.l 
L ~ r M 3 2 . -  Activation Energy Of G In Organic Radiolysis 

(Hu. 2000 - Eqn 4-16) 

Reactivity Coefficient OfTOC (0.7 For DSTs. 
0.4 For SSls) (Hu, 2000 - Eqn 4-16) 

0.4 if class,t, a "sst' 

0.4 if class,t. = "SST" 

0.7 otherwise 

pre-exponential Factor Of G In Organic 
Radiolysis (Hu. 2000 - Eqn 4-16) 

m q o 2  :- (14.0061 + 2.15.9994).* 
&mol 

&m m q 0 3  := (140067 + 3.1S.9994).- 
g m o l  

3 P.gm [N03-m] - 171.867 x IO - 
mL 

Author: Date: 
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Hea~o~d137Cs-90Sr-mdi - 3.784 x 10- 
PCi  

1.101 x 1012 
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3.519 x 10- 

2.665 x 10-20 

3.522 x 
H e n h a %  - watt 

kg 
- 

- 3  molecules molecules 
GH20-m - 3.000 x 10 - m20-sd - 0.000 - 

1OO.eV 100.eV 

G-168 



RF’P-5926 REV 2 

H G R d  :- mean HGR 
- 1  ( 4  

( 2.562 x 10- 

H G R d  d, :- Stdev HGR - ( 4  

2.399 10-7 

(2535 x 10-8 

(2.832 x 

gmol  
kg dny 
__ 

HGR& m. :I mean HGR& 
- 3  ( 3  

( 1.6286 \ 

( 0.7428 ) 
( 1.131 x 

( 1.446 

2.484 x 10- 27 
0.776 

HGR&-scf-m 

0.659 

( 1.004 x IO- 

HGR& sd. :- Stdev HGR& 
- 1  ( 3  

(0.1493) 

HGR&-sd- I 0.0925 o.wDo I A’ day 

(0,1034) 

C P m  
1.934 x IO- 30 

6.124 x 
H ~ & J n c d i m  = 

4.572 x LO- 
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&on:= 
3 

if clnss,t, = 'sst" 1.2.10 ,- 

fl 'rmn 
3 

fl 'mm 
3 -8 A 

Corrosion Coefficient (6.OE-08 
For DSTs, 1.2E-07 For SSts) 
(tPlrninlfl2) (Hu. 2000 - Eqn 
4-xx) 

- 7  A 
2 

12.10 - 7  ,- if class-t. = USST" 
2 

othenvise 6.0.10 .- 
fl2.mil 

( 1.161 x lo4 1 
A2 

1.883 x 10- 

3.923 x lo3 
Awet = 
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HG%onm = 

( 1.1535 \I 

1.300 x 10- l6 
C h  

2.708 x 

( 0.0186 

HGRmu-scf-m = 

1.8714 x 10- 
HG%on-m= I l3 I A‘ 

0.3899 

1.154 x 10- 
C h  

2.404 IO- 

0.7640 ) 
( 8 . 0 1 1 ~ 1 0 - ~ )  

HG%on-scf-mdian = 
1.154 x 10- l6 

2.404 10- 
C f m  

( 0.678 ) 
f 7.112 x I 

( 0.011 ) 

I 4.710 x IO- J (4.711 x 

Total Hydrogen Generation Rate 

I645 x 10 

2.949 x 10 

2.749 x 10 

4.925 4.413 

1.097 x 10- 9 .709~ IO- 2 
HGRthem-m’[ 2.307 2,618 H G R t h e m - m d i m ~ [  2282 1.866 13] day 

, Author: Date: 
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HOReon-m I 

( 1.629 \I f 1.650 ) 

1.872 x 10- l3 R3 
0.390 day 0390 b Y  

- 1.871 x lo- l3  R3 
HGRcolr-medinn - - 

HGRradv I 2.798 x 10- 27 I & H G R h h - 1  2.785x 10-27 1-  R3 
0.882 dnY 

- 0.874 dnY 
- 

0.743 ) 0.742 ) 
[ 1.154 1 f 1.154 \ 

( 0.764 ) 0.764 ) 

HGR,di, :- medim HGR ( i )  HGRi := HGRth-. + H G R d ,  + HGRcOlrJ [ i 

HGR,. := mean HGR 
I ( i )  

8.916 x 
HGRm - 

2.696 

2.648 x IO- 
( 218230 \I 

HG%d, := Stdsv(HGRi) 

CRn 

1.098 x 

5.010 x lo- 

8.045 x 10- l6 i 2.463 

Headspace Temp ... 

HGRmdi, = 

4,752 x IO- 

7.916 x 10- l6 

2.394 x IO- 

2.351  IO-^ 

H0Rstp-m = 

( 6.842 

1.140 x 10- 
HO%tp-m = I 3.441 

3.386 

chn I 

Cfm 

Date: 
i, 
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Steady-State Hydrogen Concentration (Assuming Normal Ventilation Rate) 

____) 

HGRl 

[H2ss1 :- HGRl + vnnt-rate 

[H2ss-m1 :- me~([H&,l )  

[HZSs-d - 5.352 x 

[H2,5 - m] - 0.13496LFL~2 [H&s-sdl o.oa%uk2 

[Hzss-sdl '= S ~ ~ V ( [ H ~ S S I )  

[H2,,] - 1.590 x 

Steadv-State Hydrogen Concentration   as sum in^ Natural Breathing Ventilation Rate) 

-3  ratw2 nb - 5.010 x IO cfm rateH2pl - 5.352 x 10- c ~ n  _ _  
Calculate Release Rates Of Ammonia. Methane, And Nitrous Oxide (Assmnine No Gas 
Retention1 

1- ( m o ~ ( N S ~ p l e $ . [ " 3  - ml.["3-sdl)) 

[ "31 .vent-ratc 

I - [ "31 m"3 :- ( 
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[ NZOI-vent-rate 
1 - [ N20] 

mNX) :- 

Steady-State . h n o n i a ,  Xlethane. And Nitrous Odde Conrentration (Assuming Normal 
\ ' e n t i l a t h  Hatp)(iust A C'hPrl, Uf XIethodoloml 

m H 4 - m  
[CH's-ml := m H 4  + vent-rats 

[CHh-,,] = 2.007 x 

Steady-State Ammonia. Methane. And Nitrous Oxide Concentration (Assuming Natural 
Breathing Ventilation Ratel 
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Detennine The Overall Steady-State Flammable Gas Concentration With Loss Of 
Ventilation 
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C o m e t  :- 

5.352 I O - ~  

2.097 x lo- 

2.007 x 

7.022 IO- 

OR-m - 

5352 x 10- 

2.097 x 
Concfit - 

2.007 x 10- 

17.022 10-4 

Calculate The Composition Of AU Components At Time 't' - 
vent-rateh + Raie,l, 

li :- 
vo2hcad 

Yo 

Release Rate 
(Assume No Retention) 

Initial Concentration Rate 
(Assume At Steady- 
State With Normal Ops) 

Raie,l.. 100% 

R a t e q  + vent-rate& 
Conchi :I 

conc-m(O.ssc,l) - 5352 x cone-m(lOm.day.1) - 3.076% conc-m(1OOO.day.l) - 76.902%LFLH2 

conc-m(O.sec.2) - 2.097 x conc-m(1@30.day.a) - 8.204%uL"3 

eonc-m(O.sec,3) - 2.007 x conc-n(1000.day.3) = 2381 % L F L ~ H ~  

conc-m(O.sec.4) - 7.022 x 

cone-m(1000.day.t) - 1.231 % 

conc-n(I000.day.~ - 0.119% 

cmc-m(lWO.day.4) - 0.415% 
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t := 0.30.. 3000 

4 I I 1 I 1 

conc-m(t.day. 1) 

COnc-m(t.day,2) 

% 3 -  - 
- 

- 

______,._.......________________________....... 
- 

~- ~~~~ .. . . - .. ~ ... . -~ .. . 

lMO 1500 2000 2500 3OW 
1.day 

hY 
- 

Calculate Steady-State Flammable Gas Concentration At Normal Operating Conditions 

1 
conc(z.1) conc(z.2) conc(z,3) -+-+- 
LFLH2 m N H 3  m k H 4  

L F Q Z )  :- 

LFh-m(z)  :- m e m ( L F M z ) )  

LF& - &day) - 6.588 x IO % 

LF& - sd(z) :- Stdcv(LFL&$) 
4 LF& #d(O.day) - o.m% - 

L.F~-m(lOOOOW~day) - 119.344% 

L F ~  -(z) :- medim(LFWz)) , 

~ & ~ s d ( ~ o o o o o o ~ d q y )  = 26.362% 

LFh-mdibn(lOOOOD.day) - 119656% 

Calculate The Time To Reach Various Fractions Of The L I T  
Time To Reach 25 9bLFL 

/ I \  
I I 

, 
conc(z,l) conc(z.2) conc(z.3) +- +- 

f(z.9 .-mean 

0001 
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f-5*2,@ :- Stdsv 
%LFL 

conc(z.1) conc(z.2) conc(z.3) +- +- 
uLNH3 p k H 4  j 
%LFL -j f-md(z,lr) .= medim 

tlil:- 25 

I:= 1O.day Initial Guess temp25 :- -5.day Initial Value In Case Solution 

~mp25'-Re(r00~f(z'! l tJ'~)  The "Re" Function Will Keep The Real Poltion O f A  Complex Number. 
temp25 - 71.437 day This Function Is Used To Allow The "IF" Statements Below To 

Fuction Properly. Caution, The Answer Given May Be Complex. 
Without The "IF" Statement The User May Be Unaware Of This! 

Cannot Be Found 

Initial Value In Case Solution 
Cannot Be Found 

Initial Value In Case Solution 
Cannot Be Found 

Timc1-25%u~-rn := if([Conc-% nb ml > 25%.if(temp25,< O-day.O.day,temp25 4 . 1 0  9 .day) 

T h e i - 2 l i % ~ ~ ~ - d  :- if([Conc-%-nb-rnl > 25%.8(hP25 < O~day.O-day.f~rd(temp2~.tlR)~tcmp~~) .10 9 ,day) 

T ~ ~ ~ I - ~ S Y ~ L F L - ~  :- if( [conc-~ni%~-d,-~l > 25%,if(temp25-d < 0.day,0.dayy.temp25 md) , lo  9 .day) 

- - -  
Timel_25./..1l~-~ - 77.092 day 

Timet ;L~~,LFL-~,J - 4.851 day - 

- 
Time1 25y.uL d - 76.942 day - - 

Time To Reach 50 KLFL 

tltl:- 50 

2 : -  10.day Initial Guess tamp50 :- -5.day Initial Value In Case Solution 

tsmpM Rs(root(f(z*w~z)) 

temp50 = 180.222 day 

Cannot Be Found 
The "Re" Function Will Keep The Real Poltion O f k  Complex Number, 
This Function is Used To Allow The "IF" Statements Below To 
Fuction Properly. Caution, The Answer Given May Be Complex. 
Wliihout The "IF" Statement The User May Be Unaware OfThis! 
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xnr 1O.day Initial Guess temp50 m:- -S.day Initial Value In Case Solution 

temp50 m :- R~(root(fm(m.M) ,m)) 

ternp50, = 198358 day 

m:- 1o.day Initial Guess 

temp50 d := Rc(root(f-md(m,M) ,m)) 

tempm mrl- 199583 dav 

- 
Cannot Be Found - 

temp50 d:- -5.day Initial Value In Case Solution 
Cannot Be Found 

- 
- 

Time1 507.WL-rn:'if([Conc-!& nh ml > SO%,if(tempm,< O-day,O.day.tcmpm d.10 9 .day) - - -  - 
Time1 5 0 7 ~ ~ ~ - ~  = 198.368 day 

T i m e l _ 5 0 % ~ ~ - ~ d  := if([Con~-mi+~-nh-~] > SO%,if(tamp~o < O~dayy.0~day,f~rd(temp~~.tlfl)~temp~~).109.day) 
Time1 5oy..LFL_sd - 23.838 day 

- 

- 
The1 507.m d:- if([Conc-t& nh ml> 5D%.if(temp~ d< O-dayy.0.day.temp50 &, lo  9 .day) - - _  - - - 
Time1 5 0 % ~ ~  d - 199.583 day - - 

Time To Reach 75 KLFL 

tlfl:-75 

2:- 1O.day Initial Guess tamp75 := -5. day Initial Value In Case Solution 

temp75 :- Rc(rooyf(z'M)'z)) 
Cannot Be Found 

The "Re" Function Will KeeR The Real Portion Of A Comalex Number 

temp75 - 410.319 day This Function Is Used To Allow The "IF" Statements Belbw To 
Fuclion Properly Caution, The Answer Given May Be Complex 
Without The "IF' Statement The User May Be Unaware OfThisl 

a:- 1O.day Initial Guess temp75 - :- -5day Initial Value In Case Solution 

hm~7s-m 1 Rc(root(fm(=n.W .m)) 

temp75 - 494.911 day 

m:- IO.day Initial Guess 

temp75 d :- Re(root(f-md(m,M) .m)) 

tamp75-d - 486.845 day 

Cannot Be Found 

- 
temp75 d:- -5day Initial Value In Case Solution 

Cannot Be Found 
- 

- 

T L ~ ~ I - ~ ~ . / . L F L - ~  :- if([C~nc-~~-d,,,l > 75%,if(temp75 < O ~ d a y , O ~ d a y , t e m p ~ ~ ~ ~ . l O  9 .day) - 
Time1 - 7 5 7 ~ ~ ~ - ~  - 494.911 day 

Timel-75?'UL-sd :- if([Conc-mtks-nh-ml > 7S%.if(bmP75 < O ~ d a y , O ~ d a y , f - s d ( t e m p ~ ~ , ~ ) . t e ~ ~ ~ ~ )  ,lOg.day) 
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T%-7S./LFL_sd' 78.812 day 

T~e1-75%LFL-md:- if([conC-mks-nb-ml > 75%.it(temp75 - md < O.day.0-dayy.tamp75 - md) .lOg.day) 

Timel_75'/..LPL_md - 486.843 day 

Time To Reach 100 XLFL 
m.- 100 

2:- 10.day Initial Guess temploo = -5day Initial Value In Case Solution 

tmploo := Rc(root(f@,un) .a)) The '"Re" Function Will Keep The Real Portion O f A  Complex Number. 
This Function Is Used To Allow The "IF" Statements Below To 

temploo - 432.160day Fuction Properly Caution, The Answer Given May Be Complex. 
Without The "IF" Statement The User May Be Unaware OfThis! 

Cannot Be Found 

Initial Value In Case Solution 
Cannot Be Found 

an:= 10,day Initial Guess temploo m:- -5.day - 
t e m p m m  := Re(root(Wan.un) ,rm)) 
temploo - 343.779 day 

an:= 10,day Initial Guess t m p l m  md:--s.day 

t m p l m  d :- Re(ront(f-nid(zm,w ,an)) 
temp]00-d - -5.000 day 

- 
Initial Value In Case Solution 
Cannot Be Found 

- 
- 

TM-I00./.LFL_rn:- if([Conc_mk, nb ml > IOD%.if(tempioo < O~day.O~day,templm-m).lO 9 .day) - -  - 
9 

Time1 l m y o ~  - m- 1.000 x IO day - 
Th~i-lOO'/.LFL_sd :- ~[COnC-Ir&-nb-d > 100%.qte1?1pIm < O ~ d a y . O ~ d a y , f ~ s d ( t c m p ~ ~ , ~ ) ~ ( t e m p ~ ~ ~ ) ] , l O g ~ d a y ]  

Timel-lM%LFL-sd = 1.000 x 10 day 

Time1 - 1oo%wL_md:- if([Conc-mir, - -  nb ml > lOO%.rf(~mP1oo - md< O.day,O.day,templm - md),lOg.day) 

Time1 - 1 0 0 % ~ ~ ~  - d - 1.W x IO day 

9 

9 

hIinknum Ventilation Rates NeedPd To Prevent Headspace Concentrations From 
R e a r l l u i o  \'*nus Levels 
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Conc-w-m(V.0 :- mean [ [ Ratemi, lG'O.%[l - 1- v ~ ~ ~ ' l o g ' a r ) ]  + c o n c ~ t i  [I- 
Ratsmli + V 

Calculate Steady-State Flammable Gas Concentration At Normal Operatine Conditions 

1 

+ + 
~ L H Z  LFLNH3 m k H 4  

L F h  vl($ := - Conc-vt(v.1) Conc_vt(v,2) Conc-w(v.3) 

M:- 24.999 

z := ,001. c h  Initial Guess temp25 := -5.cfm Initial Value In Case Solution 
Cannot Be Found 
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temp25 ’ii root(t2(z.W.3 

tempas - 0.601875 cfm 

m:= .WI.cfm Initial Guess 

t e m m  ,:- root(E2(m,un).m) 

t e w ,  = 0.601875 cfm 

- 

temp25 m:= -5.cfm Initial Value In Case Solution 
Cannot Be Found 

- 

m:. .ool-cfm Initial Guess temp25 d:- -5.cfm Initial Value In Case Solution - 
Cannot Be Found 

tsmp2s-d - root(fa-md(nn,UfI) ,nu) 

temp25 d - 0.566662 cfm 

vent-ratel 25y+~~-,’i i  if(tsmp25,< 0.cfm.0.cfm,tsmp25 ,+ 0.001.cpm) 

vsnt-ratsl D~,LFL m-  0603cfm 

vent-ratel - 2 5 % ~ ~  - sd :- if(temp25 < O~cfm.O-cfm.~~sd(temp~.tlll)~temp~~) 

vent-ratel ZP/uL-sd - 01339 ch 
vent-ratel 2 5 y . ~ p ~  d :- if(tcmp25 d< 0.cfm.0.cfm.temp25 d+ 0.001.cfm) 

vent-ratel 2 5 7 . ~ ~ ~  ,,,,j - 0568 cfm 

- 
- - 

- - 

- 

- - - - 

- - 

Ventilation Rate To Keep Concentration Less Than 50 9bLFL 

till :- 50 - ,001 

2:- .OOl.cfm Initial Guess 

temp% - root(fl(2.un) ,7J 

temp% - 0.298278 cfm 

m:- .Wl.cfm Initial Guess 

temp92 - ,:= r o o ~ n ~ m , ~ . Z m )  

tempso , - 0281831 cfm - 

temp50 :- -5 . ch  Initial Value In Case Solution 
Cannot Be Found 

tcmp50-~:- -5.cfm Initial Value In Case Solution 
Cannot Be Found 

m:- .lOl.cfm Initial Guess temp50 d F -S.cfm Initial Value In Case Solution 

tempm-d :- root(t2-md(nn.W ,@ 

tanpn d - 0281052 c h  

- 
Cannot Be Found 

- 

Author: Date: 
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vent-ratel 5 0 % ~ ~  m:- if(temp50 < O.cfm.O.cfm.temp50 m + 0.001.cfm) 

vent-ratel % y o p ~  - 0.283 efm 

vent-ratel - ~ y ~ ~ m .  - sd I if(temp50 < O - c f m . O ~ c f m , f f ~ s d ( t e m p ~ ~ , ~ ) ~ t e m p ~ ~ )  

vent-ratel ~o%LFL-.~ - 0.038 cfm 

vent-ratel 5 0 y . p ~  d:- i f ( tmpm < 0.cfm.0.cfm.temp50 d+ O . K I I . C ~ )  

vent-ratel 5 0 y ~ ~ m .  - 0.282 cfm 

- - 

- - 

- 

- - 

- - 

Ventilation Rate To Keep Concentration LessThan 75 %LFL 

M:- 7s - ,001 

2:- .Ml.cfm Initial Guess 

tsmp75 :- rool(ff(z.w.z) 

tamp75 - 0.197086 cfm 

mi .OOI.cfm Initial Guess 

temp75 - :- roo!@Mm,tlfl) ,m) 

tmp75 = 0.186354cfm - 

Initial Value In Case Solution 
Cannot Be Found temp75 :- -5. cfm 

temp75 m:- -S.day Initial Value In Case Solution 
Cannot Be Found 

- 

a:- .OOl.Cfm Initial Guess temp75 d:- -5.day Initial Value In Case Solution 

temp75 & :- root(ff-md(m.tlfl) ,m) 

temp75 d - 0.185852 cfm 

vent-ratel 7 5 y 0 ~ ~  :- i~(temp75 < 0.cfm,0.cfm,temp75 + 0.001.cfm) 

vent-ratel 7 5 y . ~ ~ - ~  = 0.187 cfm 

vent-ratel - 757.m - sd 1 $(temp75 < ~ - c ~ . O ~ c ~ . f f ~ s d ( t e m p ~ ~ , ~ ) ~ t e m ~ ~ )  

vent-ratel 7 5 y . p ~ - ~ d  - 0.037 cfm 

vent-ratel 7 5 % ~ ~  d :- if(temp71, < 0.cfm.0.cfm.temp75 d+ O . G U I . C ~ ~ )  

vent-ratel-75./,~~~_md~~~-~ - 0.187 cfm 

- 
Cannot Be Found 

- 
- 

- - - 

- 

- 
- - - 

Author: Date: 
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Ventilation Rate To Keep Concentration LessThan 100 %LFL 

temploo :- -5.cfm initial Value In Case Solution 
Cannot Be Found 

temploo m:- -5day Initial Value In Case Solution 
Cannot Be Found 

- 
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3.531 x IO-' 
V0baste-m = 

7.356 lo4 

Summary Section 

Input Data 

Waste Properties (1 ==> Total Waste, 2 ==>Liquid Waste, 3 ==> Solid Waste) 

1.483 

R3 Pmts-rn= [;:]E 

Tnnk-id - "241-AN-104'' c l n s s m e  - "dst" 

5 wgm 
mL 

[NQ-m] - 1.123 x 10 - P'P 
mL 

[ N e , ]  - 1.719 x Id- 
mL 

[TOC,] - 3.140 x IO - 

( 351.079 ) 

4 Pgm [137Crm] - 1 . 0 D o x 1 0 - ~ 2  [A&,,] = 3.898 x 10 - 
mL 374.528 

325.809 

vent-rate - 100.000 cfm 

AN Tank Farm: Tank Data 

f 366.331 

dim+& - 75.000R httMk I I 9.592 x 10- 

199.808 
u1 

\ 166.523 
Dome-Space Compositions 

rCH4-J - 2.000 x IO- 4% [N20m] - 7.MO x 

End Of Input Data 

0.062 

31.297 

(314.08x) 

watt T s m h p  - - 307.650 K 

vent-ratc& - 0.166 cfm 

estimation OlWaste Depth 
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0.000 

6.423 x IO-> 

Output Data 

Waste Properties (1 ==7 Total Waste, 2 ==>Liquid Waste, 3 ==z Solid Waste) 

Hydrogen Generation Rate Due To Thermolvsis. Radiolvsis. And Corrosion ... 

cfm 

( 1.131 x ) 

8.916 x 

2.6% x 
HGRm - 

(5.158 10-4 ,J 

Cfm 
HGRstp-m- 

(8.011 x I O - 4 )  

7.916 x IO- l6 

2.394 x 

I 5.306 10-4 ,J 
Overall Hvdroeen Generation Rate ... 

At The Headspace Conditions. .. 
( 5.352 x 10- 

7.141 x 10- l6 

2.187 x 
cfm HGRstp-mxIim- Cfm 

( 2.648 10- 3 ,J 

1.146 x 10- 7 

,5.149 10-4 ,J 

(1 .074~  10-3 

8.011 x (1.293 x IO->\ 

5.305 10- 4 ,J (8.871 x 

At Standard Conditions (273.15oK) ... 

4.752 IO- ) (4.443 x 

7.707 
[1.284x10-12!i_ [ l . l~x lo -12 j  6642 R3 ;:.Bxlo-l~j 6.405 - fi3 

3.882 day HG%tp-m = - HGRstp-madiM 

3.813 

HG% - 
3.447 3.149 

3.386 2.987 
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Steady-State Composit ions 

Hydrogen At Normal Ventilation Rate ... At Natural Breathing Ventilation Rate 

[H&s-m] = o.l34%LFLH2 [HZs-nb-ml,. n.734NLFLH2 

Ammonia At Normal Ventilation Rate... At Natural Breathing Ventilation Rate 

[NH3,, - m] - o.o14%m"3 "3ss_nb_ml= I .51l % m N H 3  

Methane At Normal Ventilation Rate. .. At Natural Breathing Ventilation Rate 

[m& - m] - 4.014X lo-3%LFhH4 

Nitrous Oxide At Normal Ventilation Rate ... 
[CH&-mI - 2 .4 lO%LFk~4  

At Natural Breathing Ventilation Rate 

[NZO,-m] - 7.022 x [ N20,-nb-m] - 0.420% 

Flammable G a r  Concentrat ions A f t e r  Loss Of Vent i la t ion At Selected T ime Per iods 
PTean Values) 

conc&-m(O.day) = O.lSZ%LFL 

cone- ,(lOO.day) - 30.843%= 

cone- - m(109.&,] - 83.791 %LFL 

c o n ~ ~ - ~ ( l O . d a y )  = 3.898%LFL 

conc- ,(489.445.dsy) - 74.?xD%LFL - - 

Flammable Gas Concenttat ions A f t e r  Loss Of Vent i la t ion At Selected T ime Per iods 
fhfedian Values) 

conc- median(O.day) - O.l52%LFL 

cone- ms&,,(lOO.day) - 30.843%LFL 

conc--m&,(lO. day) - 3.898 %LFL 

cone- d ( 4 8 9 . 4 4 5 . d a 9  - 74.780%LFL 

- 

- - 
conc&-m&,(10 9 .day) = 83.791%LFL 

Time To R e a c h  Var ious  LJX Leve ls  (Mean) 

Time1 - 2 5 % ~ ~  - - 77.092 day Time1 - ~ ~ X L F L - ~  = 494.911 day 

Time1 5 0 7 , ~ ~ ~  - 198.368 day T i m e i - i ~ p / + ~ ~ ~ - ~  - 1.000 x 10 9 day 

T i m e l - I o p / , ~ - ~  - 1.000 x 10 9 day 

- - 
Time To R e a c h  Var ious LFL Leve ls  (Median) 

Tlrne1_25y..~~~-md - 76.942 day T ~ ~ I - ~ S X L F L - I I ~  - 4x6.845 day 

Timsi-So'/rLFL-d = 199.583 day 

Author: Date: &+- 
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nilinimum Ventilation Rates To Keep Headspace Composition Below Selected LFLs (Mean) 

vent-ratel 2 5 % u ~ - ~  - 0.603 cfm 

vent-raiq ~ O % L F L - ~  = 0.283 cfm 

~ent-raiel_75y.~t_m-~ - 0.187 cfm 

vent-raiel-lOOyouL-~ = 0 140 cfm 

- 

- 
Minimum Ventilation Rates To Keep Headspace Composition Below Selected LFLs (Meam) 

vent-ratel 75y.wt_m-d - 0.187 cfm 

vent-xatq - ~MT/.LFL - d= 0.139cfm 
- vcn-ratc1 ~ 5 y . u ~  d - 0368 efm 

vent-ratel 5 0 7 , ~ ~ ~  - - 0 282 cfm 

- - 

- 

Relationship Of Sampled [W] & [NH3] 
to Their4eans With Loss Of Vgntilation 1.1 

. 
8 

+ 1 Sld Dev 

[HZls-mean @ VR-nh 

- 1 Std Dev 

Sanpt ID 
000 p2]ss @ VR-nb 

p2]ss_mcen@ VR-nb 
v2]ss-msm+SD 
pZ]ss-mem-SD 
plH3Irs @ VR-nb _ _ .  @H3]ss-rneen@ VR-nb 
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EXECUTIVE SUMMARY 

Flammable gases such as hydrogen, ammonia, and methane are observed in the tank dome space 

of the Hanford Site high-level waste tanks. This report assesses the steady-state flammability 

level under normal and off-normal ventilation conditions in the tank dome space for 

177 double-shell tanks and single-shell tanks at the Hanford Site. The steady-state flammability 

level was estimated from the gas concentration of the mixture in the tank dome space using 

estimated gas release rates, Le Chatelier’s rule, and lower flammability limits of fuels in an air 

mixture. A time-dependent equation of gas concentration, which is a function of the gas release 

and ventilation rates in the tank dome space, has been developed for both soluble and insoluble 

gases. With this dynamic model, the time required to reach the specified flammability level at a 

given ventilation condition can be calculated. 

In the evaluation, hydrogen generation rates can be calculated for a given tank waste 

composition and its physical condition (e.g., waste density, waste volume, temperature etc.) 

using the empirical rate equation model provided in HNF-3851, Empirical Rate Equation Model 

and Rate Calculations of Hydrogen Generation for Hanford Tank Waste. The release rate of 

other insoluble gases and the mass transport properties of the soluble gas can be derived from the 

observed steady-state gas concentration under normal ventilation conditions. For most cases the 

off-normal ventilation rate in the flammability calculation is assumed to be natural barometric 

breathing only; however, the flammability calculations under zero ventilation rates are also 

performed for single-shell tanks. Some SSTs have been interim stabilized and have no guarantee 

that barometric breathing is available. Significant amounts of data are required to do both the 

hydrogen generation rate calculation and the flammability level evaluation. For tank waste that 

does not have sample-based data, a statistical-based value from probability distribution 

regression was used based on data from tanks belonging to a similar waste group. 

This report (Revision 2) updates input data of the hydrogen generation rates calculation for 

177 tanks to November 2001 using the waste composition information in the Best Basis 

Invenfory detail report (CHG 2001 a) and the waste temperature data in the Surveillance Analysis 

Computer System (CHG 2001b). However, the release rate of methane, ammonia, and nitrous 

oxide is based on the input data as stated in Revision 1 of this report. In addition, the waste 
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volume of tank 241-A-101 is updated to February 28, 2002 in the calculation to reflect the salt 

well pumping status. This tank had the highest flammability level among the single-shell tanks 

before salt well pumping. Salt well pumping reduces the waste volume and thus reduces the 

hydrogen generation rate. The flammability calculation also has been updated accordingly. 

Scenarios for adding waste to the November 2001 waste levels have been studied to determine 

the gas generation rates and the effect of smaller tank dome space on the flammability limits to 

address the issues of routine water additions and other possible waste transfer operations. 

Overall, the flammability assessment indicates that no tank will exceed 25% of the lower 

flammability limit under normal ventilation conditions. Off-normal ventilation conditions 

evaluated in this report are referred to as the shutdown of active ventilation systems coupled with 

closure of the air inlet for actively ventilated systems and isolation of the high-efficiency 

particulate air breather filter for passively ventilated tanks. The shortest time to reach 25% of 

the lower flammability limit during off-normal ventilation conditions with the barometric 

breathing rate is 23 days for double-shell tanks (tank 241-AY-102) and 41 days for single-shell 

tanks (tank 241-B-203). With zero ventilation, the shortest time to reach 25% of the lower 

flammability limit is 37 days for single-shell tanks (tank 241-B-203). Note that off-normal 

ventilation conditions occur rarely. For the waste addition study on double-shell tanks, the 

shortest time to reach 25% and 100% of the lower flammability limit for double-shell tank 

241-AY-102 are 4 and 18 days, respectively, if filled with same waste; and 9 and 39 days, 

respectively if filled with water. 
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1.0 INTRODUCTION AND BACKGROUND 

This report provides the methodology to predict the steady-state gas release rate and to evaluate 
the steady-state flammability level of the tank dome space under both normal and off-normal 
ventilation conditions for 177 underground nuclear waste storage tanks at the Hanford Site. 
Revision 0 of this report replaced two previous calculation notes: HNF-SD-WM-CN-116, 
Calculation Note Hydrogen Generation Rates At  Steady State Flammable Gas Concentrations 
for Single-Shell Tanks, and HNF-SD-WM-CN-117, Calculations ofHydrogen Release Rate at 
Steady State for Double-Shell Tanks and provided the technical basis for establishing flammable 
gas controls. The focus of this report is the loss of ventilation transient such that technical safety 
requirement surveillance frequencies and action times can be established. This report also 
provides the following: 

Estimates of the flammable gas release rates in the tank dome space 

Estimate of the flammable gas concentration under normal operating condition 

Estimates of the time to reach 25% of the lower flammability limit (LFL) and the LFL 
following the loss of normal ventilation in actively and passively ventilated double-shell 
tanks (DST) and single-shell tanks (SST) 

Estimates of the minimum ventilation rate required to maintain less than 25% LFL 

Estimates of the maximum flammable gas concentrations in the tank dome space 
following an extended loss of normal ventilation. 

This report also provides the methodology that can be used in other applications. 

To clarify the application of the subject document, “steady-state” has been defined as the 
condition of no active operational changes to the tank, and the non-GRE (gas release event) 
condition with GRE defined as 500-parts per million (ppm) rise in hydrogen concentration 
followed by exponential decay. The following assumptions were used for this application: 
(1) long-term variations in ventilation rates brought about by seasonal effects or ventilation rate 
changes within the exhaust system operating range; (2) the variability of the hydrogen 
concentration in the baseline is less than that produced by a GRE. When the results from only 
one sample were available, it was assumed to have been taken at steady-state condition, unless 
clear documentation showed the existence of a GRE condition. 

This report is organized as follows: Chapter 2.0 describes the hydrogen generation rate (HGR) 
model calculation and summarizes the empirical equation of HGRs. Chapter 3.0 describes the 
methodology to evaluate the flammability level of the gas mixture in the dome space. Details of 
the validity of the LFLs in air, ammonia liquid-vapor equilibrium model, time-dependent gas 
concentration model, and the flammability level calculations are discussed. Chapter 4.0 
discusses the input data and results of the gas generation calculations and the flammability 
evaluations under various ventilation conditions. Chapter 5.0 provides the results of the 
flammability assessment on waste addition scenarios for DSTs. Chapter 6.0 gives the overall 

1-1 
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summary and conclusions. Detailed formula, input data, and calculation results are given in 
Appendices A through G. 

1.1 REVISION1 

Revision 1 ofthis report differs from Revision 0 in the following ways: 

The mass balance equation (Equation 3-5) and its derived equations in the methodology 
of flammability assessment section (Chapter 3.0) were modified by redefining the 
ventilation rate as the outlet measurement or calculated outlet flow for natural breathing 
as well as gas generation to reflect total gas leaving the tank. 

The input data and calculations for tank 241-SY-101 were updated to reflect the tank 
waste status after 616 kilo-gallons (kgal) of active flammable-gas-generation waste 
material were transferred between December 1999 and February 2000, as provided in 
RF'P-65 17, Evaluation of HanfordHigh-Level Waste Tank 241-SY-IOI. As of 
April 2001, the HGR in tank 241-SY-101 is 3.1 I33 cubic feet per minute (fi3/min), 
which is one-tenth the generation rate before the remediation task. Other than the data 
for tank 241-SY-101, all the input data used were taken from Revision 0, which presents 
data as of October 1999, unless noted in Revision 1. 

The liquidvapor equilibrium model was added to address the behavior of the highly 
soluble gas ammonia. 

The off-normal ventilation calculations used in the flammability assessment were more 
clearly defined and text was added. 

1.2 REVISION2 

Revision 2 is being issued to include the following: 

Revision 1 comments, from the U.S. Department of Energy's, were resolved. Primarily, 
the off-normal ventilation conditions were redefined and it was clarified that off-normal 
conditions rarely occur. Second, discussions on discrepancies of the ammonia mass 
transport properties between the field data-derived values and the direct calculation of 
mass transport coefficient h and using 100% surface area were redone. Third, several 
editorial errors were identified and corrected. 

HGRs for 177 tanks were updated to November 2001 using the waste composition 
information and detailed calculation report in the Best Basis Inventory (BBI) 
(CHG 2001a) and temperature data in SurveiZlance Anabsis Computer System (SACS) 
(CHG 2001b) as the input data. In this revision, tank 241-AY-102 has the highest HGR 
instead oftank 241-AN-102 (Revision 1). This is because the updated input data for 
tank 241-AY-102 include the waste received from tank 241-C-106, and the tank also 
shows higher tank waste temperature. 

1-2 
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Flammability calculations for 177 tanks were updated to reflect the updated HGRs. For 
off-normal ventilation condition, the updated flammability calculations were performed 
at the barometric breathing rate for DSTs. For SSTs, two possible ventilation rates under 
off-normal conditions were considered, barometric breathing rate and zero ventilation 
rate. Although, in general, the zero ventilation condition is considered to be impossible 
because of the many openings into the tanks, many SSTs were sealed off as much as 
possible under the interim stabilization project and the pathway of barometric breathing 
has not been verified for those interim stabilization SSTs. 

Using BBI data ofNovember 15,2001 (CHG 2001a), tank241-A-101 has the highest 
HGR among the SSTs, but the tank is undergoing salt well pumping, which will reduce 
both the HGR and flammability. The HGR and flammability are recalculated based on 
the latest waste volume information of February 28,2002 (CHG 2002a and 
Parkman 2002) to reflect the salt well pumping activity. 

To address routine water addition and other possible waste uansfer operations, 
flammability assessments were performed on several waste addition cases. The resulting 
information can be used to determine the flammable gas control for the ventilation 
surveillance frequency and the waste compatibility program. 

1.3 GAS GENERATION 

The gases generated in the tank waste include a mixture of hydrogen, nitrogen, ammonia, nitrous 
oxide, a small amount of methane, and other hydrocarbons. Hydrogen is the most abundant gas 
and contributes more than 90% of the flammable components in the dome space for most of the 
storage tanks containing gas-generating waste. All of these gases, except ammonia, have little 
solubility and are either fully released to the dome space or partially trapped in the solid layers of 
waste. Because of its high solubility, 99% of the ammonia generated is dissolved and stored in 
the liquid waste (PNNL-I 1450, Composition and Quantities of Retained GasMeasured in 
Hanford Waste Tanks 241-AW-101, A-101, AN-105, AN-104, andAN-103) rather than being 
released to the tank dome space. For most of the tanks, little methane is generated, but methane 
is the major species among the observed hydrocarbon vapors. Nitrous oxide is not flammable by 
itself, but it is an oxidizer. Studies provided in the Explosion Dynamics Laboratory Report 
FM97-4, Flammabili& and Flame Propagation in HTN~O-CH~-NH~-OTN~ Mixtures, 
(Pfahl and Shepherd 1997) show that concentrated nitrous oxide can lower the flammability limit 
of fuels in an air mixture. 

Understanding the gas generation phenomena and predicting the gas generation and gas release 
rates are important in controlling the flammable gas hazard and planning daily operations in the 
tank farms. For example, the overall rate of generation is needed to verify that any given tank 
has sufficient ventilation to ensure the level of flammable gases is maintained below the 
operational flammability limit in the dome space. In the past, many studies (HNF-SP-I 193, 
Flammable Gas Project Topical Report) have been completed for gas generation, gas release, 
and gas retention of tank waste using simulated or actual waste. Systematic tank waste 
characterization programs and various tank safety programs have generated a large amount of 
tank waste data. This information provided the basis for HNF-3851, Empirical Rate Equution 
Model of Hydrogen Generation. The model is tank-waste-constituent and tank-condition-based 
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and provides a tool to estimate the generation rate for current tank waste contents and tanks with 
contents that have changed. The other observed gases, ammonia, methane, and nitrous oxide do 
not have a general rate equation for calculating generation rates as a hnction of waste 
constituents. 

This report provides the methodology for calculating gas release rates. The HGR equation 
model ("F-3851) is used to estimate the hydrogen release rate by subtracting the 
field-observed gas accumulation rate, if any, from the model-calculated generation rate. The gas 
release rates for ammonia, methane, and nitrous oxide (the minor gases of interest observed in 
the dome space) are derived from vapor concentration data, ventilation rates in the dome space, 
and other information about tank waste. 

While updating the HGR calculations for tank 241-SY-101 in Revision 1, the dome space 
steady-state ammonia concentration in tank 241-SY-101 rose from a pre-remediation 
concentration of 4 ppm (before the waste was transferred) to 400 pprn (January 14,2001). Based 
on the value of 400 ppm, the derived ammonia release rate, if used as a constant, will predict a 
value of 108% LFL as the steady-state ammonia concentration under the off-normal condition of 
a loss of active ventilation. This is a factor of 50 larger than the equilibrium value predicted by 
the model. Apparently, treating the ammonia release rate as constant is over-conservative when 
the ammonia concentration in the dome space is high. Therefore, the liquid-vapor equilibrium 
model provided in RPP-494 1, Methodology for Predicting Flammable GasMixtures in 
Double-Contained Receiver Tanks, is introduced into the methodology to address the ammonia 
concentration in the dome space. 

A time-dependent equation for gas concentration in the tank dome space was developed by 
solving the mass balance equations for the gas volume. Once the steady-state gas release rates of 
insoluble gas or the mass transport properties of soluble gas are obtained, a time-dependent gas 
concentration can be derived from the equation for a given ventilation condition. Therefore, the 
flammability level of the gas mixture in the dome space can be calculated under normal and 
off-normal ventilation conditions. Also, the time required to reach a specified flammability level 
in the dome space and the minimum ventilation rate required to prevent reaching that level can 
be estimated. 
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2.0 HYDROGEN GENERATION RATE MODEL 

Several hydrogen generation models have been proposed (WHC-EP-0702, Criteriafor 
Flammable Gas Watch List Tank ;  WHC-SD-WM-TI-724, Methodology for  Flammable Gas 
Evaluations; WHC-SD-WM-SARR-015, Topical Report on Flammable Gases in Non-Burping 
Waste Tanks; PNNL-I 1297. Status and Integration of Studies of Gas Generution in Hanford 
Wastes; and HNF-SD-WM-CN-I 17) to estimate the HGR for Hanford Site tank waste, but these 
models are based on either the waste simulant data or very limited tank waste data. A more 
comprehensive HGR model (described in a paper presented at American Nuclear Society, 
1999 Winter Meeting, Empirical Rate Equation Model of Hydrogen Generation for  Hanford 
Tank Waste, and HNF-3851) was developed and validated based on a large amount of tank waste 
data. The model constructed a set of semi-empirical rate equations to simulate the gas generation 
mechanisms of thermal-chemical reactions, radiolysis of water and organic components, and 
corrosion processes. The rate equations are formulated as a function of physical and chemical 
properties of tank waste and are capable of estimating the HGR of waste under current 
conditions, as well as the rates for newly mixed waste with known properties. The model has 
been applied to calculate the generation rate for more than 30 SSTs and DSTs and shows good 
agreement with field-ohserved rates. 

2.1 SEMI-EMPIRICAL RATE EQUATIONS 

The total HGR (HNF-3851) in units of moles of hydrogen per day per kilogram of total waste 
consists of the thermal-chemical rate (HGRlh,), the radiolysis rate (HGR,d), and the corrosion 
rate (HGR& Equation 2-1 takes into account the dependence of the rate on tank waste 
composition, temperature, radiation level, and liquid fraction: 

where: 

with 

and 

x (rf x [TOCI) - (-EradiRT) 

= 0.45 - 0.56 x [N03- ]”3  - 0.43 x [N02-]”3 
GORG - arad X e 
G ~ 2 o  

Ethm 
Erad = activation energy for radiolytic reaction (44.3 klimole) 

athm 
arad 

= activation energy for thermal reaction (89.3 kJ/mole) 

= pre-exponential factor for thermal reaction (2.76 E+09 mole/kg-day) 
= pre-exponential factor for radiolytic reaction (2.49 E+06 H2/100 eV) 

2- 1 
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= universal gas constant 
= temperature in Kelvin 
= total organic carbon concentration in moles per liter 
= aluminum concentration in moles per liter 
= nitrite ion concentration in moles per liter 
= nitrate ion concentration in moles per liter 
= hydrogen yield per lOOeV energy from organic radiolysis 
= hydrogen yield per lOOeV energy from water radiolysis 

(GH~o has a minimum value of 0.005 H2/100 eV) 
= TOC reactivity coefficient (average value is 0.7 for IXTs and 0.4 for 

SSTs) 
= corrosion coefficient [1.831 E-08 for DSTs and 3.666 E-08 for SSTs 

(m3/min-m2) at 25 "c] 
= heat load (Watdkg) 
= liquid weight fraction in the waste 
= wetted surface area of the tank (m2) 
= total waste mass (kg) in the tank 
= conversion factor to convert the units from (H2/lOOeV)(Watts/kg) to 

= conversion factor to convert the units from (m3/kg-min) to (mole/kg-day). 
(mole/kg-day) 

In general, the HGR caused by thermal-chemical reactions follows Arrhenius behavior and the 
rate from radiolysis is proportional to the radiation dose. In addition, the HGRs from radiation 
effects in tank waste samples have been observed to be temperature dependent as provided in 
PNNL-12181, Thermal and Radiolytic Gas Generation on Material from Tanh 241-17-103, 
241-A W-101, 241-S-106. and 241-S-102: Status Report. The analysis of all available gas 
generation data provided in HNF-385 1 shows that this temperature-dependent reaction follows 
Arrhenius behavior, which may result from a multi-step degradation of organic compounds 
initiated by radiolysis, followed by thermal reactions. The water radiolysis rate is assumed to be 
temperature independent, with the G~20 value reduced by scavenging effects from salts. 

The numerical parameters in the equations are established by analyzing gas generation kinetic 
data from waste samples with the aid of tank field surveillance data and tank waste 
characterization data. The reactivity coefficient, rf, was used to adjust for differences in 
reactivity of total organic carbon (TOC) among the tanks. HNF-3851 describes this model in 
detail. 

2-2 
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3.0 METHODOLOGY TO ESTIMATE STEADY-STATE 
FLAMMABILITY LEVEL 

This chapter describes the methodology used to evaluate the steady-state flammability level in 
the dome space for all DSTs and SSTs. The methodology also provides a technical basis for 
flammable gas controls in tank farm operations. The evaluation will address the flammability 
level in the dome space under both normal and off-normal ventilation conditions. In the 
evaluation, the steady-state gas release rates and ventilation rates are needed to derive the 
steady-state gas concentration under given ventilation conditions. Based on the flammable gas 
concentrations, the level of flammability of the mixture can be calculated. Under current normal 
ventilation conditions, the steady-state flammability level in the tank dome space is below 
25% LFL for all tanks (HNF-3294, Adequacy of Venlilation Rates to Remediate Flammable Gas 
Levels in Headspace of Hanford Tanks - Slatus Report). The evaluation is focused on the 
flammable gas level under off-normal ventilation conditions. 

Major gases of concern are hydrogen, ammonia, nitrous oxide, and methane in the tank dome 
space. Among these gases, hydrogen is the primary flammable gas in the tank dome space. 
The gas release rate of hydrogen in the dome space can be determined by subtracting the gas 
accumulation rate from the generation rate calculated with the rate equation model described in 
Chapter 2.0. The other two flammable gases, ammonia and methane, have much lower 
concentrations in the dome space and have no general model for calculating their gas generation 
rates; therefore, the steady-state gas release rates for ammonia and methane are estimated by 
their steady-state gas concentrations under normal ventilation conditions. However, ammonia is 
very soluble and its concentration in dome space is governed by the equilibrium between the 
liquid and dome space. The release rate of ammonia derived from the above method could be 
overestimated if the ammonia concentration in the dome space is high. Thus a liquid-vapor 
equilibrium model is introduced (RPP-4961) and modified in this report for ammonia 
calculation. Nitrous oxide is an oxidizer; the concern is whether its concentration is high enough 
to lower the LFL of hydrogen, ammonia, and methane as established in air. The gas release rate 
of nitrous oxide also is derived by the steady-state gas concentration under normal ventilation 
conditions. 

To evaluate the flammable gas level, a time-dependent gas concentration model was established. 
This model can calculate the steady-state flammability level for a given ventilation condition. 
The model also can estimate the time required to reach certain flammability levels in the dome 
space under different ventilation conditions and calculate the minimum ventilation rate to keep 
the dome space below the specified flammability limit. 

3.1 LOWER FLAMMABILITY LIMITS 

National Fire Protection Agency codes require that operations be terminated when the 
concentration of flammable gases exceeds 25% LFL. Based on the empirical rule developed by 
Le Chatelier in the late 19th century, the LFL of mixtures of multiple flammable gases in air can 
be determined. Le Chatelier’s rule, provided in Coward and Jones (1952), Limits of 
Flammability ofGases and Vapors, can be written in terms of the LFL concentration of the fuel 
mixture (LFL,,,) and is provided in Equation 3-1: 
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100% LFL, = 
(3- 1) 

where: 

Ci 
LFLi 

= volume percent of fuel gas i in the fuel gas mixture 
= volume percent of fuel gas i at its LFL in air alone. 

If LFL, is greater than 1 OO%, the mixture is above the LFL. In the tank dome space, hydrogen 
gas is the fuel of concern; other gas fuels identified are ammonia and methane. 
WHC-SD-WM-ES-2 1 9, Laboratory Flammability Studies of Mixtures of Hydrogen, Nitrous 
Oxide, and Air, shows that the LFL, of a mixture of hydrogen, ammonia, and methane in an 
air-nitrous oxide atmosphere can be computed using Le Chatelier's rule as presented in 
Equation 3-2: 

where: 

[H2] = volume percent of hydrogen in the fuel gas mixture 
["3] = volume percent of ammonia in the fuel gas mixture 
[CHd] = volume percent of methane in the fuel gas mixture 
L F L H ~  = volume percent of hydrogen at its LFL in air alone 
LFL"3 = volume percent of ammonia at its LFL in air alone 
LFLcH~ = volume percent of methane at its LFL in air alone. 

For simplicity, flammable gases with concentrations lower than methane are omitted. The 
flammability of the individual gases in air is fairly well characterized. The LFLH~, LFLNw and 
LFLcH~ are 4, 15, and 5%. respectively, at the upward propagation LFL, which is more 
conservative than the downward propagation LFL. In addition to the flammable gases included 
in Equation 3-2, nitrous oxide was observed in the tank dome space. Nitrous oxide plays the role 
of oxidizer in the mixture and has the potential to decrease the amount of fuel required to reach 
the LFL. The effect of the multiple oxidizers (e.g., nitrous oxide and oxygen) was not addressed 
in Equation 3-2. 

Pfahl and Shepherd (1997) from the California Institute of Technology have written a series of 
flammability studies on gas mixtures generated from Hanford Site tank waste. The studies show 
that the established LFLs of individual fuels in the air will decrease if concentrated nitrous oxide 
is present in the mixtures. For example, in the mixture NH3-NzO-air with a ratio of 
13.2-19.8-67.0, the system will be flammable, although the ammoniavolume percent is 13.2 and 
is lower than the LFL"3 of 15% in air. This fuel-oxidizer mixture will be flammable with the 
ammonia volume percent as low as 8% if the nitrous oxide concentration is 65%. For 
NH3-NlO-air mixtures, Pfahl and Shepherd (1997, Figure 32) suggest the ammonia flammability 



RPP-5926 REV 2 

limit will be 15% if the nitrous oxide does not exceed 8%. These test results are for turbulent 
conditions, with an ignition energy of 8 Joules (J). For a CH4-NzO-air mixture, the data show 
that the ratio of 4.5-10.1-85.4 is not flammable. For an H2-NzO-air mixture, the data show that a 
mixture with the ratio of 5.7-10-84.3 has incomplete combustion. It should be noted here that 
the ignition energy of 8 J used in these experiments is very large compared to the energy in most 
electrostatic discharge sparks (typically a few millijoules) that might occur inside a Hanford Site 
tank. 

This information suggests that the flammability limit established in the fuel-air mixture for each 
gas will not be reduced unless the nitrous oxide volume percent exceeds 8%. In this evaluation, 
the volume percents of 4, 15, and 5 will be used for LFL"2, LFL"3 and LFLc1.14, respectively, in 
Equation 3-2. In the calculations in Chapters 4.0 and 5.0, the concentration of nitrous oxide is 
evaluated and limited to less than 8%, therefore, the oxidizer effect of lowering these 
flammability limits can be ignored. 

3.2 

Under normal operating conditions, the ventilation conditions can be active ventilation or passive 
ventilation. The tank dome spaces of all DSTs and some SSTs are equipped with an active 
ventilation system. For active ventilation systems, the main ventilation flow is designed to go 
through an installed inlet filter. The AP Tank Farm is an exception to this system; inlet air flows 
through cover blocks or gaps in riser covers, and other tank openings. The size of the inlet 
openings was designed to be either fully adjustable or to have an on-off valve. These filtered 
inlets are used to control the ventilation rate and to adjust the negative pressure to prevent 
leakage of tank hazardous materials or to provide control for other operational needs. 

For passively ventilated tanks, the ventilation flows mainly through high-efficiency particulate 
air (HEPA) breather filters. Under normal operating conditions, the active ventilation rates range 
from 100 to 700 ft3/min, while the passive ventilation rates typically range from 0.5 to 
10 ft3/min. On actively ventilated tanks, the off-normal operating ventilation condition 
considered in the flammability assessment is that the ventilation system is shut down and the air 
inlet is closed. On passively ventilated tanks, the HEPA breather filter isolation valve is closed 
or a blank is installed. For these conditions, the only venting flow is through the gaps between 
the cover blocks or riser covers. 

The off-normal condition allows three possible tank ventilation conditions: no ventilation flow; 
ventilation flow caused only by barometric breathing; or ventilation flow caused by natural 
breathing, which is a combination of ventilation by barometric breathing plus thermal 
convection. The barometric breathing rate (Vbb) is estimated as 0.45% of the dome space 
volume per day (WHC-EP-0651, Barometric Pressure Variations) and is given in Equation 3-3: 

VENTILATION CONDITIONS IN TANK DOME SPACE 

(3-3) 

where: 
Vo1hea,jspace = volume of the tank dome space (ft3). 

3-3 
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During off-normal operating conditions, the most likely ventilation rate is either natural 
breathing or barometric breathing. The natural breathing rate is estimated to be 5 to 10 times the 
barometric breathing rate, but the estimation of the thermal convection flow is not available. 
In general, the zero-flow condition is considered to be impossible because of the many openings 
into the tanks. However, since 1980, a great effort has been made to seal-off openings as much 
as possible for SSTs under the interim stabilization project to prevent water intrusion. 

In the flammability evaluations, the barometric breathing rate, which is more conservative but 
reasonable, will be used for the ventilation rate for DSTs when normal ventilation is not present. 
For SSTs, the barometric breathing rate and zero ventilation rate will be evaluated under off- 
normal ventilation condition. Using a tracer gas, the measured passive ventilation rates (PNNL- 
11925, Wmte Tank Ventilation RatesMeasured with A Tracer GasMethod, Fiscal Year I998 
Summary) under normal ventilation conditions in SSTs ranged from 1.7 to 10 ft3/min for most 
tanks. 

No similar measurements for the passive rates are available for DSTs (Le., the active ventilation 
system is shut down with the air-inlet open). Unfortunately, no ventilation rate measurements 
have been made for the condition where the air inlet is shut OK For the off-normal condition, 
based on Equation 3-3, the calculated barometric breathing rate for most tanks is around 
0.5 ft3/min or less (as shown in Table D-2 of Appendix D), which is one-third to one-twentieth of 
the normal conditions. 

3.3 TIME-DEPENDENT GAS CONCENTRATION MODEL 

An equation was developed to calculate the time-dependent flammable gas concentration in the 
tank dome space. The concentration is a finction of the gas release rate and the ventilation rate. 
Figure 3-1 shows a simplified tank dome space system. 

In general, most of the tanks contain supernatant liquid and sludgdsalt cake layers. A few tanks, 
including tank 241-AN-103, have a thin crust layer above the supernatant liquid. The gas release 
rate (RA is the net result of the generation rate (GJ and the accumulation rate (&). The gas 
accumulation rate refers to the rate at which gas is trapped in the sludgdsalt cake layer. 
The ventilation flows (V,) are available as field measurements taken at the output streams. These 
flows are the sum of air inflows from the inlets, tank cracks and openings, and the gases released 
from tank waste. The gas volume change rate can be formulated from a mass balance as 
provided in Equation 3-4: 

Gas Change Rate in = Gas Release Rate from - Gas Exit Rate (3-4) 
Tank Dome Space the Waste Surface 
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Figure 3-1. A Simplified Tank System for Time-Dependent Gas Concentration Model. 

Crust layer 
R, 

I 

Supernatant Gr A 

I Sludgehalt cake layer 

3.3.1 Insoluble Gas 

For the less soluble gases such as hydrogen or methane, the gas release rate can be considered to 
be constant; therefore, the mass balance equation can be written as a differential equation as 
given in Equation 3-5: 

where: 

[C,] = gas concentration (volume percent) 
Vol = volume of the tank dome space (volume) 

R, = gas release rate from the waste surface (volume/time) 
V, = ventilation rate in the dome space (volume/time). 
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As given in Equation 3-5, the gas exhaust rate is simply the gas concentration times the output 
ventilation rate. By solving the differential Equation 3-5, a time-dependent gas concentration at 
time t, [C,],(t), in units of volume percent is given in Equation 3-6: 

with 

h = V,/VOl 

where: 

Rg = hydrogen release rate from the waste surface (volume/time) 
V, = ventilation rate in the dome space (volume/time) 
[C,]%(Q = initial gas concentration at time t (volume percent) 
Vol = volume of the tank dome space (volume) 
h = decay parameter from the venting (inverse time). 

In Equation 3-6, the first term represents how the initial gas concentration decays away 
exponentially with the factor of e(-’‘) and second term represents how the gas level builds up in 
the form of [R,N,]% with the factor of [l- e(-*‘)] as time goes on. 

3.3.2 Soluble Gas 

For a highly soluble gas such as ammonia, the gas release rate from liquid waste is not a 
constant, but depends on the material transport properties and the ammonia concentration 
gradient between the liquid and vapor phases and appropriate Henry’s Law constants. Thus, the 
differential equation of mass balance in Equation 3-5 and the time-dependent gas concentration 
Equation 3-6 have different formats. For a closed system, Henry’s Law describes the 
relationship of a soluble gas in the liquid and vapor phases as provided in Equation 3-7: 

C, = K ,  . P, 

where: 

C, = ammonia concentration in the liquid phase (mole/L) 
KH = Henry’s Law constant (mole/L-atm) 
P, = partial pressure of the ammonia (atm). 

The Henry’s Law constant is a function of temperature in pure water. In mixed salt 
solutions, Henry’s Law constants are functions of both temperature and concentrations of 
the ions in the solution. Weisenberger and Schumpe (1 996), “The Estimation of Gas 
Solubility in Salt Solutions at Temperature from 273 K to 363 K,” AICHE Journal, 
provide a formula to calculate Henry’s Law constant as given in Equation 3-8: 

3-6 

(3-7) 
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with 
(-8,0964139 17.5rT-0.003 14T) KH' = e 

where: 

KH' 
hi = ionic dependent coefficient 

h, 
Ci 

= Henry's Law constant in the pure water (g-mole/L-atm) 

= gas specific constant for ammonia 
= ion concentration in the solution. 

However, the Weisenberger and Schumpe (1996) formula is good only for the solution up 
to 5 g-mole per liter (M). RPP-4941 reported Henry's Law constants for tank 
241-SY-101 simulant waste at different dilution conditions and temperatures. This study 
includes solution concentrations ranging from 5 to 21 M at temperatures of 20 "C to 
70 'C. These results provide a correction factor to the calculated Henry's Law constant 
from the Weisenberger and Schumpe (1996) formula. For example, the measured 
Henry's Law constant is five times the calculation from the Weisenberger and 
Schumpe (1996) formula for the undiluted sample of 21 M at 70 "C. 

For soluble gas, the gas release rate depends on the equilibrium mechanism between the liquid 
and vapor phases described earlier. A comprehensive soluble gas transfer methodology applied 
to Hanford Site waste is provided in RPP-4941, Consider the two-film theory of gas transfer. 
The ammonia release will encounter the resistance from two films, the liquid film and the gas 
film, between the bulk liquid and bulk vapor phases. The release rate is proportional to the 
difference between the ammonia liquid concentration and the ammonia vapor concentration 
before reaching equilibrium. It also is proportional to the mass transport coefficient, h, and the 
effective area, A. Therefore, the release rate can be derived as shown in Equation 3-9: 

R,  = h . A  .(C, -C,"") = h .  A .(C, - K ,  .PK) = h .  A .(C, - K ,  . P . v  .c Y ) (3-9) 

overall mass transport coefficient from liquid to vapor (dsec )  
effective area for the transport (1 000 x m2) 
corresponding liquid ammonia concentration in equilibrium at the 
current ammonia vapor pressure (g-mole/L) 
current ammonia concentration in liquid (g-mole/L) 
ammonia gas partial pressure (arm) 
dome space total pressure (atm) 
specific molar volume of gas in the dome space (L/mole) 
current ammonia concentration in the dome space (g-mole/L) 
Henry's Law constant (moleL-atm). 

3-1 
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As shown in Equation 3-9, the ammonia gas release rate clearly is a function of the ammonia 
concentrations in the liquid and vapor phases and the Henry’s Law constant for ammonia in the 
solution. In the two-film theory of gas transfer, the overall mass transport coefficient, h, contains 
the transport coefficient, hl, for gas through the liquid film and h, for the gas through the gas 
film. Equations of the calculated h are described in RPP-4941 and summarized in Appendix B. 

A sensitivity study indicates that the overall mass transport coefficient, h, varies by several 
factors, while the effective tank waste surface area, A, for mass transport is difficult to 
determine, particularly for the SSTs where the waste surfaces are mostly crusts. Dome space 
ammonia concentrations would be overestimated by several orders of magnitude if the full area 
for the SST is used as the effective transport surface. As discussed in Section 3.4, however, the 
product of h and A can be determined by field data at steady-state conditions. Once h times A is 
determined, the gas release rate can be calculated by Equation 3-9. Applying the ammonia 
release rate from Equation 3-9 to the mass balance in Equation 3-5 results in Equation 3-10: 

a b  1 Vol 3 = h . A .  (C, - K,, . P . v .  C,) - [Vr ] .  [Cg] 
at 

Dividing by Vol and rearranging the terms, Equation 3-10 becomes Equation 3-1 1: 

with 

and 

k,  = [Vr + h .  A .  K ,  . P . v ] / [ V d ]  

k ,  = [h , A . C,]/[Vol].  

The solution of Equation 3-1 1 is given as Equation 3-12: 

[Cg] ( t )  = [C,] (t,)exp(- k,  1)  + - [l - exp(- k,  . t )] .  k 1 

(3-10) 

(3-1 1) 

(3-12) 

3.4 STEADY-STATE GAS CONCENTRATION AND GAS RELEASE RATE 

For insoluble gas, when the systems reach steady state (set time, t, to infinity in Equation 3-6), 
the exponential term drops out from Equation 3-6 and a steady-state gas concentration is given in 
Equation 3-13: 

where: 

[C,]%” 
R, 
V, 

= steady-state gas concentration (volume percent) 
= gas release rate (volume/time) 
= ventilation rate in the dome space (volume/time). 

3-8 

(3-13) 
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Using Equation 3-13, the steady-state gas concentrations in the tank dome space can be 
calculated by knowing the gas release rate and the ventilation rate. The gas release rate, R,, can 
be estimated by subtracting the gas accumulation rate from the gas generation rate as shown in 
Equation 3-14: 

Rg = Gr - A, (3-14) 

where: 

Rg 
G, 
A, 

= gas release rate (volume/time) 
= gas generation rate from waste (volume/time) 
= gas accumulation rate due to gas trapping (volume/time). 

For hydrogen, the generation rate can be calculated using the empirical rate equation described in 
Section 2.1. The accumulation rate (HNF-385 1) can be determined in the field, based on the 
waste level change rate and the gas composition data from the retained gas sampler. If the waste 
level does not change noticeably, the hydrogen release rate will be the same as the HGR. 

For other insoluble gases, no gas generation rate model is available. Therefore, the steady-state 
gas release rate can be estimated from the known steady-state concentration in the dome space 
under normal ventilation conditions by rearranging Equation 3-13 as shown in Equation 3-15: 

(3-15) 

where: 

R, = gas release rate (volume/time) 
[C&” = steady-state gas concentration (volume percent) 
V, = ventilation rate in the dome space (volume/time). 

In this report, the gas release rates for methane and nitrous oxide were obtained from their 
steady-state concentrations under normal ventilation conditions using Equation 3-1 5. Then the 
calculated gas release rate was used to calculate the steady-state concentrations for off-normal 
conditions. This methodology is a reasonable way to determine methane concentrations under 
off-normal conditions because methane is insoluble and whatever gases are generated are 
directly released to the tank dome space. 

For highly soluble gases (similarly, set time, t, to infinity in Equation 3-12) the steady-state 
concentration can be expressed as Equation 3-1 6: 

3-9 

(3-16) 

-.--I_ 
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As discussed in Section 3.3, the mass transport properties (the product of h and A) are difficult to 
estimate directly from tank waste properties, particularly for tank waste covered with an irregular 
crust layer. However, for the known steady-state vapor concentration [Cg]%”, the liquid 
concentration CI; along with Henry’s Law constant and the ventilation rate V,, the product of h 
and A can be determined. By rearranging Equation 3-16, the product of h and A can be 
expressed as Equation 3-17: 

(3-17) 

Once the product of h and A is determined from the steady state under normal ventilation 
conditions, the steady-state concentration under off-normal condition can be calculated using 
Equation 3-1 6 .  In addition, under the off-normal ventilation conditions, the ammonia 
concentration can be estimated using the time-dependent gas concentration of Equation 3-12, as 
well as the gas release rate of Equation 3-9. 

Note that the product of h and A depends on the waste configuration and will be different if the 
waste is disturbed or changed physically. For the off-normal ventilation calculations, the overall 
steady-state ammonia concentration is governed by the liquid ammonia Concentration. The 
product of h and A will change only the ammonia release rate, which indicates how fast the 
system will reach the steady state. 

The steady-state flammability evaluation is based on current tank waste data at storage 
conditions. For those tanks actively receiving waste, including tanks 241-AP-108 and 
241-AN-101 as dilute receiver tanks, the flammability level will be re-evaluated during the waste 
transfer compatibility assessment based on the predicted post-transfer condition of the tank 
waste. For hydrogen, the release rate can be calculated based on the predicted tank waste 
condition using this rate equation model. For methane, because steady-state methane vapor data 
are not available before the waste transfer, the release rate will be estimated as 10% of the 
model-calculated HGR. This is a reasonable estimate because, for all tanks, methane is less than 
10 volume percent of the hydrogen in the generated gas as provided in PNNL-12181 and the 
retained gas sampler results in PNNL-13000, Retained Gas Sampling Results for the Flammable 
Gus Program. For ammonia, instead of estimating the release rate, the ammonia vapor 
concentration at thermodynamic equilibrium for a given waste condition will be used as a 
bounding value in the flammability level evaluation. This ammonia vapor concentration can be 
calculated based on the measured liquid ammonia concentration and other tank waste conditions 
using Henry’s Law and the Weisenberger and Schumpe (1996) model as described earlier. For 
the off-normal ventilation condition, which is about 0.5 ft3/min or lower, an equilibrium 
prediction of the ammonia concentration is reasonable and conservative. 
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3.5 TIME TO REACH LOWER FLAMMABILITY LIMIT 

For active ventilation system interruptions, the time for the tank dome space to build up to 
flammable gas concentrations exceeding the LFL is one of the main concerns of this evaluation. 
A time-dependent LFL of the mixture, LFL,(t), can be calculated using the time-dependent gas 
concentration (Equation 3-6 for insoluble gas or Equation 3-12 for soluble gas) and 
Le Chatelier's rule (Equation 3-2) as provided in Equation 3-18: 

(3-18) 

where: 

[H*](t) = hydrogen concentration (volume percent) at time t 
["3](t) = ammonia concentration (volume percent) at time t 
[CHd](t) = methane concentration (volume percent) at time t 

LFLHz = volume percent of hydrogen at its LFL in air alone 

LFL"3 = volume percent of ammonia at its LFL in air alone 

LFLcH~ = volume percent of methane at its LFL in air alone. 

The volume percent of the LFLs; LFLH~,  LFL"3, and LFLc114 are 4, 15, and 5%, respectively, 
which have been established for a fuel-air mixture. 

The time to reach a specified gas concentration under given ventilation conditions for insoluble 
gas can be obtained by rewriting Equation 3-6 as Equation 3-19: 

(3-19) 

with 

h = V , N o l  

Rg 
V, 
[C,](to) 
[C,](t) 

where: 

= gas release rate (volume/time) 
= barometric breathing rate (volume/time) 
= initial gas concentration at time to (ppmv) 
= gas concentration at time t (ppmv). 
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Similarly, for soluble gases, the time to reach a specified gas concentration under a given 
ventilation condition can be obtained by rewriting Equation 3-12 as Equation 3-20: 

with 

and 

k, = [V, + h. A .  K, .P. v]/[VoZ] 

k, = [h.A.C,]/[Vd] 

(3-20) 

However, the time to reach a specified flammability limit of the mixture was not calculated 
explicitly. A customized EXCEL' macro fimction, which was developed using Visual Basic' 
and is based on Equation 3-19 for an insoluble gas and Equation 3-20 for a soluble gas, is used to 
calculate the time to reach a specific flammability limit. 

3.6 MINlMUM VENTILATION RATE TO MAINTAIN DOME SPACE 
BELOW 25 OR 100 PERCENT LOWER FLAMMABILITY LIMIT 

Whether the dome space of a tank reaches the specified flammability limit depends on the 
competition between the gas release rates and the ventilation rates of the system. For steady 
state, the flammability limit of the mixture in the dome space can be calculated using 
Equation 3-2. A minimum ventilation rate is defined as the ventilation rate in which the steady- 
state concentrations will just reach the specified steady-state flammability limit. The required 
steady-state gas concentrations in Equation 3-2 can be calculated using Equation 3-13 and 
Equation 3-16 for insoluble and soluble gas, respectively. If the dome space ventilation rate is 
larger than this minimum, the system will never reach the specified flammability limit. The 
ventilation rate is embedded in Equation 3-2, and a customized EXCEL macro fhction 
developed in Visual Basic code is used to calculate the minimum ventilation needed to reach the 
specified flammability limit. 

EXCEL is a registered trademark of Microsoft Corporation. 
Visual Basic is a registered trademark of Microsoft Corporation 

I 

2 

3-12 
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4.0 EVALUATIONS OF STEADY-STATE FLAMMABILITY LEVEL 

In this chapter, steady-state gas releases from the 28 DSTs and 149 SSTs are evaluated 
quantitatively against tank ventilation conditions using the methodology described in 
Chapters 2.0 and 3.0 to determine if the resulting flammability level becomes a safety concern 

Section 4.1 contains the calculated HGRs and discusses collection of input data and setup of the 
EXCEL spreadsheet for rate calculations. Section 4.2 includes ventilation rates data collection, 
estimates of ventilation rates for both normal and off-normal conditions, and the steady-state gas 
concentrations under normal ventilation condition. Section 4.3 discusses the steady-state gas 
release rates for the flammability level evaluation. For hydrogen, the gas release rate is the net 
result of the model-calculated gas generation rate minus the field-estimated gas accumulation 
rate. For ammonia, methane, and nitrous oxide, the gas release rates were extrapolated from 
steady-state concentrations at normal ventilation rates. However, the ammonia concentration is 
governed by the equilibrium mechanism between liquid and vapor phase, and the gas release rate 
of ammonia extrapolated from Section 4.3 could be overestimated. Section 4.4 reanalyzes the 
ammonia concentration with the liquidvapor equilibrium model as described in Sections 3-3 and 
3-4 for those tanks showing high predicted steady-state ammonia concentrations (more than 
0.5%) and total flammability levels exceeding 25% LFL under off-normal ventilation conditions 
as reported in Revision 0. 

Section 4.5 describes the evaluation of flammability levels in the tank dome space for all 177 
tanks. The evaluations calculate the flammability level for the normal ventilation condition and 
the off-normal ventilation condition. For the off-normal condition, the evaluations are carried 
out at barometric breathing rate for 177 tanks, and at zero ventilation rate for SSTs. The 
flammability evaluations at barometric breathing rate for 177 tanks include the time required to 
reach various flammability levels and the minimum ventilation rate required to keep the tank 
dome space concentration below the specified flammability limit. 

Details of the results of the inventory data from BBI and surveillance data from SACS, HGR 
calculations, ammonia mass transport properties, and flammability evaluations in the tank dome 
space for the 177 tanks are given in Appendices A through F. Appendix G validates the HGR 
calculation from empirical rate equations and flammability evaluations independently using 
tank 241-AY-102 as an example. Appendix G also gives a preliminary uncertainty analysis on 
both the HGR calculation and the flammability evaluation using a Monte Carlo simulation for 
tank 241-AN-104. Appendix H provides the Peer Review Checklist. 

4.1 

The HGRs were calculated for each tank based on the semi-empirical rate equation model. 
The total generation rate was calculated for each waste layer in each tank. The generation rate is 
a function of tank waste conditions; thus, a large tank waste database is needed. The analytical 
and surveillance data necessary to perform the rate calculations are available for some tanks. 
For tanks without current measured data, process history data and waste type information were 
used. 

HYDROGEN GENERATION RATE MODEL CALCULATIONS 

4- 1 
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An EXCEL spreadsheet was set up to calculate HGRs for all 177 Hanford Site DSTs and SSTs. 
The spreadsheet provides input data (Section 4.1.1), derived data (Section 4.1.2), and calculated 
unit rates and total rates (Section 4.1.3). The spreadsheet was set up to allow easy upgrades and 
to facilitate checking the rate calculations. 

4.1.1 Input Data 

Tank waste data are grouped as supernatant and solid layer. The supernatant is the liquid waste 
above the solid layer. The solid layer contains salt cake and/or sludge, and the interstitial liquid 
and/or retained gas within them. Data required from each waste layer to estimate hydrogen 
generation include: 

Liquid and bulk densities 
e Tank waste volumes 

Weight percent of water 
Tank waste temperature 
Tank dome space temperature. 

Concentrations of TOC, nitrate ion, nitrite ion, and aluminum in the liquid phase 
Total heat load for cesium and strontium 

The various input data collected for HGR calculation are used as follows: 

TOC data are used as an indicator of organic species because organic species provide the 
source term for thermolysis and organic radiolysis 

Aluminate is a catalyst in the thermal-chemical reaction and its concentration is used in 
the thermolysis rate calculation 

Nitrate and nitrite concentrations are used to estimate the scavenger effect for radiolysis 
of pure water 

Tank waste temperature is needed to calculate the radiolysis G-value and to account for 
the Arrhenius behavior of the thermolysis rate 

Cesium and strontium concentrations are used to estimate the heat load of the tank waste, 
which is the power source for both water and organic radiolysis 

Weight-percent water data are used to estimate the liquid fraction of the waste because 
the model considers gas generation reactions occur more effectively in the liquid phase 

Density and waste volume are used to calculate the total mass of the waste and to 
estimate the wetted tank surface area when calculating corrosion rates 

Temperature in the tank dome space is used to convert the total gas generation rate from a 
moler to a volumetric basis. 
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The BBI tank characterization database and SACS were queried to obtain the required waste 
properties and compositions. Data not available from the databases were estimated based on the 
methodology presented in SNL-000198, Flammable Gas Safety Analysis Data Review. 
In Revision 0 of this report, the input data used were prepared based on data available as of 
October 1999 and documented in RPP-6069, Input Data for Hydrogen Generation Rate Model 
Calculation. In Revision 2 of this report, the following input data are updated to November 
2001. The input data of waste compositions including TOC, nitrate ion, nitrite ion, aluminum, 
cesium, strontium, density, and volume were queried from the BBI detail calculation database 
(CHG 2001a). The required temperature data of the tank waste and tank headspace were 
obtained from the SACS (CHG 2001b). However, the required weight-percent water data for 
177 tanks were not available from the BBI so the values used in Revision 0 were used. In 
addition, for about 40 SSTs, the concentrations of TOC, nitrate ion, nitrite ion, and aluminum in 
liquid phase were not available from the BBI detail calculations so the values prepared in 
Revision 0 were used. 

The BBI detail calculation database (CHG 2001a) was rebaselined systematically to have a 
uniform waste layer and type, and updated waste volume, density, and waste compositions. Note 
that the date of data quoted in parenthesis is referred to as the date of data published, but is not 
the date of data gathering. The actual date of the data gathering can be found in the inventory 
derivation documents. This database has the elements of the required input data for waste 
composition except weight-percent water. To extract information from the BBI detail report to 
the format of the required input data, the following activities were performed: 

The required data were downloaded from the BBI detail calculation database and listed in 
Appendix A. 

In BBI detail calculations, more than one density was used in a waste layer for a number 
of tanks. A single representative density was chosen for each waste layer for 177 tanks, 
and the data were listed in Table A-1 of Appendix A. 

In BBI detail calculations, the multiplier was introduced to compensate for differences in 
weight-percent water and density when the concentration data came from different data 
sources for a given waste layer. The concentrations used in the input data of Revision 2 
of this report were recalculated by dividing the inventory of each analyte with the chosen 
representative density and the waste volume as: 

In BBI: Inventory = density x Volume x Concentration x Multiplier (4- 1 

In this report: NewConcentration = Inventory + (SelectedDensity x Volume) 

The input data required information from the supernatant liquid layer, solid layer (the 
waste below the supernatant liquid layer), and total waste. The values of waste 
composition from various waste types of the solid layer were weight averaged to one 
value. The data of total waste are weight averaged from the data of supernatant and solid 
layers. 

The concentrations of TOC, nitrate ion, nitrite ion, and aluminum in the liquid phase and 
the liquid density for solid layer were assigned the same value as the supernatant if no 

(4-2) 
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interstitial liquid data were available. The final waste inventory data are listed in 
Table A-2 of Appendix A. The Tank Waste Information Network System (TWINS) 
(CHG 2001c) BBI database is frequently updated. Since it is difficult and 
time-consuming to restore the database to a given time, TWINWBBI information should 
be downloaded and stored electronically to allow re-creation of the data collection. 
Attached to selected copies of this report (see distribution sheet) is a compact disk that 
contains information downloaded from the BBI detail calculations. 

In the BBI database, the total waste volume is divided into three parts: solid, liquid, and retained 
gas (if any). In the detail calculation report, the volume of retained gas is not reported because it 
has no contribution to the analytes inventory. Although the retained gas has no contribution to 
the HGR calculations, it is part of the total waste volume and will impact the headspace volume 
calculation, and thus the flammability calculations. Appendix A, Table A-3, lists the tanks with 
reported retained gas inventory from the BBI derivation document in TWINS. 

The temperature data of tank waste and tank headspace were obtained from SACS (CHG 2001b). 
The maximum temperature from November 1,2000, to November 1,2001, was used. The 
maximum value over a 1-year period throughout the tank was used to cover the seasonal effect 
and to prevent the possible underestimation of the temperature gradient vertically caused by 
cooling if the average value were used. 

With the given tank waste inventory data, physical properties such as volume and density, and 
the waste and headspace temperature data as discussed above, an input data spreadsheet for HGR 
calculation was prepared and is provided in Appendix B, Table B-1 . For the data not available 
from BBI and SACS, the information and data from Revision 0 are used. 

In Revision 0 of this report, missing data were estimated based on the methodology presented in 
SNL-000198. Waste tanks were first classified into one of six groups, based on the volumes of 
the liquid, salt cake, and sludge layers. Criteria for various tank classifications also are presented 
in SNL-000198. Data from tanks in a given classification were used to create a distribution that 
was assumed to describe the total population of data for a given tank classification. This 
distribution was used to provide a range of data including the missing data. In cases where 
insufficient data were available to create a statistically valid distribution, data from similar 
groups of tanks were combined to create a distribution of data (SNL-000198). For single-point 
calculations, the mean of the distribution is used to describe the missing values. In the Monte 
Carlo statistical analyses, all data for the tank waste classification was used. 

The methodology of providing values and distributions for missing data was not optimized to 
provide the “best” waste properties or compositions with respect to waste chemical makeup. 
This methodology was prepared to determine missing data for flammable gas safety analyses. 
Because analytical data for all waste types are insufficient to estimate the missing data at the 
waste-type level, the methodology in SNL-000198 was used to determine overall composition 
ranges when a finer resolution of data was not statistically justified. As a result, the mean values 
used in this analysis were not optimized based on waste characteristics, but were developed to fit 
the available data related to flammable gas safety analyses. 

The HGR for tank 241-A-105 has not been calculated. As described in HNF-SD-WM-SAR-067, 
Tank Farms Final Safety Analysis Report (FSAR), Chapter 2.0, the steel liner leaked and the 
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tank has been interim stabilized. The waste moisture content is unknown, but is expected to be 
very low. The HGR is very sensitive to moisture content (the main hydrogen source). Because 
this key parameter is unknown and cannot be estimated, no attempt is made to estimate the 
corresponding HGR. 

4.1.2 Derived Data 

Once the input data were provided, the derived data were calculated before performing the final 
rate calculations. In the “derived data section” the input data are converted to the system of units 
used in the equations and other necessary parameters are derived. The derived data includes 
waste level, tank surface area wetted by the waste, total mass, liquid fractions of the layers, layer 
head load, layer density, total heat load, conversion of nitrate ion and nitrite ion to units of 
“moles per liter,” conversion of TOC and aluminum to units of “weight percent,” water 
radiolysis and total radiolysis G-values. The derived data section is two fold: First, necessary 
unit conversions were put into the spreadsheet so the spreadsheet can take the input data directly 
from the tank characterization database. Second, it prepares the necessary parameters, which 
reduces the cumbersome task of completing the rate calculations, making error checking easier 
and more effective. Details of the derived data are provided in Appendix B, Table B-2. 

4.1.3 Calculated Hydrogen Generation Rates 

The HGRs were calculated for the total tank waste, as well as for different waste layers. 
The waste layers are the convective layer (supernatant liquid) and the nonconvective layer 
(sludge/salt cake). 
corrosion rates, and total generation rates in units of mole per kilogram per day and moles per 
cubic meter per second. 

Details of the calculated rates per unit mass or per unit volume are provided in the Appendix B, 
Table B-3. Note that the unit rate of the corrosion rate is a hnction of wetted surface area, so the 
unit volume rate depends on the waste volume. The unit rate from corrosion is an average rate 
for a given tank waste volume. The total gas generation rate for a tank (in units of cubic feet per 
minute and liters per day) was calculated by multiplying the unit rates by the total waste volume; 
the results are provided in Appendix B, Table B-4. Table 4-1 lists the nine tanks with the highest 
model-calculated HGRs, and the post-remediation rates for tank 241-SY-101. Note that the 
updated total HGRs for tank 241-SY-101 decreased by a factor of 5 when compared to the 
calculations in Revision 0 of this report (i.e., pre-remediation). 

Tank 241-AY-102 has the largest HGR (3.18 E-2 ft3/min) this rate is more than twice the value 
of 1.4 E-2 ft3/min calculated in Revisions 0 and 1 of this report. This rate difference is two fold: 
The first is the tank waste composition in Revision 2 has been updated to reflect receiving the 
waste from the hottest tank 241-C-106; and the second is the highest waste temperature in the 
past year has increased by more than 20 ”F compared to the value used in Revisions 0 and 1 of 
this report. The temperature went up not only due to receiving hot waste, but also because the 
cooling system in the annulus was turned off for one day. Generation rates from radiolysis, 
thermolysis, and corrosion also are listed in Table 4-1 for solid and liquid layers for each tank. 

The rates for each layer are presented as radiolysis rates, thermolysis rates, 
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241-SX-105 
supematant 
Solid Layer 
241-SX-103 
supematant 
Solid Layer 
241-A-101 
Supematant 

Table4-1. Tank 

5.68 E 4 4  
M 

5.68 E 4 4  
7.79 E 4 4  
M 

7.79 E 4 4  
8.44 E 4 4  
3.66 E 4 4  

HGR from 
radiolysis 

(ft'lmin) 
1 Tmk 1 Gmd 

241-AY-102 3.00 E 4 2  

1.52 E 4 2  
M 

1.52 E 4 2  
1.29 E 4 2  
M 

1.29 E 4 2  
1.11E-02 
5.21 E 4 3  

Supernatant 2.26 E 4 4  
Solid Laver 2.98 E 4 2  

8.48 E 4 4  
M 

8.48 E44  
9.99 E44  
M 

9.99 E44  
1.16E-03 
8.02 E 4 4  

7 Solid Layer 4.78 E 4 4  + 241-AN-I02 4.17 E 4 3  
88 5 6.15 E 4 3  

Supernatant 3.67 E 4 3  
Solid Laver 5.01 E 4 4  

35 59 6 I 1.20E42 

241-AZ-102 
supematant 
Solid Layer 
241-AN-107 
Supernatant 
Solid Layer 
241-AZ-101 
Supernatant 
Solid Layer 
241-AX-101 
Supernatant 
Solid Layer 
241-SY-101 
Supernatant 

with Highest Model-( 

5.56 E 4 3  
3.34 E 4 3  
2.22 E 4 3  
7.03 E 4 3  
5.18E43 
1.85 E 4 3  

4.14 E43 
1.81 E 4 3  
2.33 E 4 3  
6.41 E 4 4  
2.97 E 4 4  
3.44 E 4 4  
7.67 E 4 4  
5.58 E 4 4  

HGR from HGR fro0 
thermolysis I corrosion 

76 

3.31E-04 I 2.11E44 
9.08 E 4 4  3.60 E44  

13 11 2.93 E 4 3  
73 20 

6.58E-03 I 4.22E-04 
5.57E-04 3.10E-04 

7 I 9.67E-03 

4.38E43 7.41 E44  
4.00 E 4 3  4.09 E44  

Solid Layer 

1.50 E 4 3  3.44 E 4 4  
4.26 E 4 4  3.76 E 4 4  

2.09 E 4 4  

lculated Hvdroeen Generation Rates. 
Percent Percent 

HGRfrom rad[ 1 the: HGRfrom 

(Gn& (Gus& 

M M + 88 

cor ro s i o n 

3.18E.02 
7.68 E 4 4  
3.10E42 

1.66 E 4 2  

1.66 E 4 2  -f: M 1.47 E 4 2  

1.47 E 4 2  
6 85 1.31 E 4 2  
6 1 82 1 1; I 6.37 E 4 3  

34 62 4 1.07 E 4 2  
37 i 41 I 23 I 1.37 E 4 3  

52 41 1.07 E 4 2  
43 7.75 E 4 3  

+ 46 

7.02 E 4 3  
2.65 E 4 3  
6.83 E 4 3  
3.92E43 

To convert cubit feet to Liters, multiply the value by 28.454 Uil' 
HGR = hydrogen generation rate. 
na = not applicable. 

The contribution from thermolysis and radiolysis varied from tank to tank. Corrosion 
contributed less than 15% to the overall HGR for the listed tanks except tank 241-SY-101 
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Tanks without sample-based data use the default data from the waste grouping analysis, which 
have a larger uncertainty. 

4.2 TANK VENTILATION RATES AND STEADY-STATE GAS 
CONCENTRATIONS 

Tank ventilation and steady-state gas concentration data collection and data reduction are 
documented in RPP-5660, Collection And Analysis Of Selected Tank Headspace Parameter 
Data. Ventilation rates at the tank outlet were determined by a number of methods, including 
tracer studies, Standard Hydrogen Monitoring System hydrogen composition decay curves, 
direct measurement, and calculations from earlier flammable gas hazard analyses. The 
ventilation rates were for normal ventilation conditions (either passive or active) in conjunction 
with steady-state gas concentration data to estimate the gas release rates. 

Tank dome space gas composition data were based on analytical data from RPP-5660, when 
available. The TWINS (CHG 2001~)  database was queried to obtain all gas sample data. The 
data were reduced using mean values for single-point calculations and derived distributions for 
Monte Carlo analyses. Values for missing data were determined using the methodology 
described in SNL-000198. The ventilation rates and the steady-state gas concentrations under 
normal operating conditions, along with waste volumes and dome space volumes for all 
111 tanks, are listed in Appendix D, Table D-I. For sludge tanks, dome space flammable gas 
concentrations are very small, less than 50 ppm hydrogen, methane, and ammonia. For these 
tanks, the ratios between the various gases are questionable and are not an accurate analysis of 
gas generation rates. 

4.3 STEADY-STATE GAS RELEASE RATES FOR HYDROGEN, AMMONIA, 
METHANE, AND NITROUS OXIDE 

To evaluate the steady-state flammability levels under different ventilation conditions, the 
steady-state gas release rates were used to calculate the flammable gas concentrations for a given 
ventilation condition. For hydrogen, the steady-state release rates were calculated by subtracting 
the gas accumulation rate from the model calculated generation rate. The HGRs are provided in 
Section 4.1 and Appendix B. In the past, a few tanks had a noticeable waste level increase. 
The waste level increase rate can be converted to a total waste volume increase rate, which then 
is multiplied by the hydrogen fraction obtained from the retained gas sample analysis. However, 
in this update no gas accumulation rates are identified and thus the gas release rate for hydrogen 
is the HGR. The steady-state gas release rates of methane, ammonia, and nitrous oxide were 
derived from the steady-state concentrations under normal ventilation rates using Equation 3- 15. 
The calculated gas release rates of hydrogen, ammonia, methane, and nitrous oxide are provided 
in Appendix D, Table D-I. 

For ammonia, however, the method described in the previous paragraph would largely 
overestimate the steady-state concentrations under off-normal ventilation conditions for those 
tanks having relatively large release rates calculated from the steady-state concentration. For 
example, for tank 241-SY-101, the steady-state release rate obtained from the dome space 
concentration of 400 ppm under normal ventilation conditions predicts a steady-state 
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concentration of 108% LFL for the off-normal ventilation condition. This value is two orders of 
magnitude larger than the current estimated value of 0.4% LFL using the liquid-vapor 
equilibrium mechanism. In Revision 0, similar overestimations of ammonia concentration also 
were reported for tanks 241-AN-102 and 241-AN-107. 

As described in Chapter 3.0, ammonia is very soluble, and the gas release rate is not a constant 
but is governed by the liquid-vapor equilibrium defined by Henry's Law, the mass transport 
coefficient, h, and the effective transport surface area, A. The ammonia release rate is driven by 
the gradient between the vapor and liquid phases before reaching equilibrium. Therefore, a 
greater difference results in a larger release rate. 

For a closed system (zero ventilation rate), the final release rate is zero when the system reaches 
equilibrium. An open system will never reach the equilibrium concentration, but will reach a 
steady-state release condition. At steady state, the concentration is lower than the equilibrium 
value, and the larger the ventilation rate, the lower the steady-state concentration of ammonia. 
For a given system, the release rate at steady state also is proportional to the ventilation rate. 
Therefore, if the steady-state release rate obtained at a high ventilation rate (Le., normal active 
ventilation) is used as a constant to predict the steady-state concentrations for the off-normal low 
ventilation condition, the ammonia dome space concentration for the off-normal ventilation 
condition could be greatly overestimated. 

Figure 4-1 demonstrates the relationship of the equilibrium value, the steady-state concentration, 
and the release rate of ammonia under both normal and off-normal conditions for 
tank 241-SY-101 after remediation. As shown in Figure 4-1 for the normal ventilation rate of 
486 ft3/min, the steady-state concentration of ammonia is 400 ppm, which is far below the 
equilibrium value of 3,895 ppm. For an off-normal ventilation rate of 0.18 ft3/min, the ammonia 
concentration was computed to increase exponentially and took less than 8 days to reach steady 
state with the concentration of 3,882 ppm, which is lower than but very close to the equilibrium 
value. Also, note that the steady-state release rate from 0.19 ft3/min under normal ventilation 
conditions of 486 ft3/min is computed to drop exponentially to 7.6 E-4 ft3/min for the off-normal 
ventilation condition of 0.1 8 ft3/min. 

For many SSTs and some DSTs with lower concentrations of ammonia, the ammonia release rate 
was too small to contribute significantly to reaching 25% LFL even under off-normal ventilation 
conditions. Therefore, this method of considering ammonia release rates as constants would be a 
simple method to screen out tanks with small release rates. This also avoids having to use the 
liquid-vapor equilibrium method, which requires liquid and dome space ammonia concentration 
data and more complex calculations. 
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Figure 4-1. Ammonia Concentration and Release Rate for Tank 241-SY-101 Before and 
After Loss of Active Ventilation. 
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STEADY-STATE MASS TRANSPORT PROPERTIES “h” AND “A” 
FOR AMMONIA 

As discussed in Chapter 3.0, it is difficult to estimate the effective area, A, of the mass transport 
in the liquid-vapor equilibrium model. The effective area is the actual waste surface area 
available for ammonia transport, and will be the full or partial tank cross-sectional area 
depending on how much true liquid surface is available. The ammonia concentration could be 
overestimated by two orders of magnitude in the liquid-vapor equilibrium model if 100% of the 
effective area is used. In this report, the ammonia concentration analysis follows the logic in the 
following steps to perform the tank dome space ammonia calculations: 

1. The ammonia concentration in all DSTs was analyzed using the liquid-vapor equilibrium 
model as described in Chapter 3.0. The mass transport properties, the product of h and A, 
were obtained from the steady-state concentration under normal conditions by applying 
Equation 3-17. Then, using this product of h and A, the time-dependent ammonia 
concentration and flammability under off-normal conditions were calculated. 
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2. The ammonia concentrations for SSTs were first evaluated by assuming a constant 
release rate. If the ammonia concentrations computed using this conservative approach 
were more than 0.5% and the total flammability was above 20% LFL, the ammonia 
concentration was reanalyzed more accurately using the liquid-vapor equilibrium method 
as was done for the DSTs. 

The input data collected included the ammonia concentrations in the liquid and in the dome 
space under normal ventilation conditions, the waste volume and ionic composition, and the 
temperatures of the waste and the dome space under both normal and off-normal conditions. 
Appendix C, Table C-1, gives the liquid concentrations in the DSTs and selected SSTs for the 
nitrate, nitrite, and aluminum ions used in the calculation of the HGR. Additional ion 
constituents required are carbonate, chloride, chromium, fluorine, hydroxide, iron, nickel, 
phosphate, potassium, sodium, and sulfate. Other required data include the tank waste density, 
temperature, and weight-percent water. These data were obtained from the BBI reports 
(CHG 2001a). Where tank ion concentrations or waste properties were not available in the BBI 
detail report, an average value from the sample analysis data contained in the tank 
characterization database was used. The tank waste temperature values were the only figures not 
taken from the BBI or the tank characterization database. They were obtained from RPP-5660, 
Table 3-2, “SACS [Surveillance Analysis Computer System] Database Waste Temperatures.” 
However, the input data for ammonia calculation were not updated in Revision 2, and the 
ammonia calculations remain the same as Revision 1 of the report. 

Based on Equation 3-8, the Henry’s Law constants were calculated and are listed in Appendix C, 
Table C-2. Table C-2 also includes the summations of ion concentrations, the Henry’s Law 
constants in pure water, and the correction factors for the calculated Henry’s Law constants, KH, 
for salt solutions. The correction factors were assigned using the tank waste concentrations and 
temperatures according to the study results for ammonia solubility in high-concentration salt 
solutions (RPP-4941). The mass transport properties of the product h and A were calculated 
using Equation 3-17 and are listed in Appendix C, Table C-3. Based on the products of h and A, 
the time-dependent ammonia concentration and percent of the LFL under off-normal ventilation 
conditions were calculated, as discussed in Section 4.5. 

As discussed in Chapter 3.0, the product of h and A depends on the waste configuration and 
physical and chemical properties, particularly the surface area, A, which is the effective surface 
for gas transport from the liquid to the vapor phase. For example, if the waste was disturbed or 
the configuration of the waste surface changed, both the effective surface area and h could 
change, so the product of h and A would change. Therefore, what has been calculated as the 
product of h and A in this report reflects only the current ammonia transport status of storage 
tank waste at steady state. 

As a comparison, Table 4-2 lists the products of h and A from the values derived from the field 
data under normal conditions using Equation 3-17 and from the calculated h using the equations 
in Appendix F with a 100% tank surface area, A. For most tanks, the values for h and A derived 
from field data are a few orders of magnitude smaller than the values from the calculated h and 
100% area A. Several factors can contribute to this discrepancy: First, many tanks may not have 
100% transport area A, particularly for those tanks having a large crust layer or solid waste on 
the surface; second, from Equation 3-17, the field-data-derived values of h and A rely mainly on 
the ammonia vapor data and ventilation rate in the headspace, and the corresponding value of 
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liquid concentration in the waste (usually the value of KHP v CgsS is much smaller than (21). The 
uncertainties of these input data and the fact that these data are not measured simultaneously can 
contribute to errors in the field-derived h and A. 

The ammonia under the liquid surface could be depleted and present a large gradient throughout 
the tank. In this case, the measured liquid-phase ammonia data from the middle or bottom 
sections of the tank will be too large for the observed vapor data. Also, the equations used to 
calculate h in Appendix F may involve large uncertainties. In all cases, note that the values of 
the product of h and A determine how fast the ammonia will be released to the dome space. The 
bounding value for the flammability is the steady-state ammonia concentration in the tank dome 
space. The last column of Table 4-2 lists the steady-state ammonia concentrations under 
off-normal conditions. For all calculated values, the ammonia concentration is less than 
8,300 ppm, which contributes less than 6% LFL to the total flammability. 

4.5 FLAMMABILITY EVALUATION AND RESULTS 

With the collected ventilation rates and steady-state gas concentrations, the flammable gas 
concentrations, expressed as a percent of the LFL, in the tank dome space under normal 
ventilation conditions were calculated using Equation 3-2 and are listed in Appendix D, 
Table D - 1. The highest observed level is 4% LFL. This suggests that the tank dome space of 
all tanks under current ventilation rates, whether actively or passively ventilated, will not exceed 
25% LFL. 

For the off-normal ventilation conditions, as discussed in Section 3.2, two scenarios were 
performed. For DSTs, the flammability calculation will assume the barometric breathing rate is 
available. For SSTs, due to the seal-off action for interim stabilization there is no guarantee that 
every tank will have a pathway for barometric breathing, thus the flammability calculation will 
be performed for both barometric breathing rate and zero ventilation rate. 

4.5.1 

For off-normal ventilation conditions, assuming only barometric breathing rate, vbb. ,  is available, 
the steady-state concentration can be calculated using Equation 3-13 for insoluble gas and using 
Equation 3-16 for the soluble gas; the results are listed in Appendix D, Table D-2. In the 
calculation for the off-normal condition, the initial concentrations are assumed to be the 
steady-state concentrations under normal ventilation conditions, which are listed in Appendix D, 
Table D-1. As listed in Table D-2, under the off-normal condition with barometric breathing 
rate, 37 tanks are computed to exceed 25% LFL when the system reaches steady state, and 10 
tanks are predicted to reach 100% LFL. 

Off-Normal Condition With Barometric Breathing 
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Tank 

241-AN-IO1 
241-AN-IO2 
241-AN-IO3 
241-AN-104 
241-AN-IO5 
24 1 -AN406 
241-AN-IO7 
241-AP-101 
241-AP-102 
241-AP-103 
241-AP-104 
241-AP-105 
24 1 -AP-l06 
241-A€’-I07 
241-AP-108 
241-AW-101 
24 1 -AW-I02 
241-AW-103 
241-AW-104 
241-AW-105 
241-AW-106 
241-AY-101 
241-AY-102 
241-AZ101 
241-Az102 
241-SY-101 
241-SY-102 
241-SY-103 
241-A-I01 
241-A-I03 

241-C-103 
241-s-101 
2413-102 
241-sx-103 
241-u-102 
241-U-103 
241-U-105 
241-u-107 

Table 4- 
m)” in dome 
under normal 

vent 
(ppm) 

11 

300 
7 

21 
15 

1 
400 
125 
75 
1 

3 
7 
5 

5 

27 
5 

3 
138 
6 

43 
28 
5 
4 
1 

6 
400 
12 
59 
3 94 
261 

324 
765 
588 

31 
65 1 
722 
1936 
448 
684 

le unit of A’ to L, I 
1241-U-108 
Notes: To oonvi 

NH, =ammonia 

The Calculation of Ammonia Transport Properties. 
Normal vent rate Product h A Product h A 

I ace at normal vent and 100% A 
[m’ in the dome from field data from calculated h 

WmL) (fl P /min) (ft’/min) (fl’/min) 
la waste 

40 113 2.85 E-02 1.02 EM0 
210 119 1.80 E-01 2.03 EM0 
345 100 1.33 E-03 3.50 Et00 
246 IO0 I 5.92E-03 I 3.08 E+OO 
210 100 5.02 E43  2.91 EWO 
210 117 3.99 E04  1.12EWO 

210 129 3.60E-01 1.94EWO 
439 108 2.57 E42  1.26 EM0 
439 135 1.83 E42  1.15EWO 
250 200 5.76 E-04 1.48 EWO 
133 71 1.23 E-03 I .  18 E+OO 
324 176 2.79 E-03 1.75 E+OO 
68 111 6.54 E-03 1.11 Et00 

1060 342 1.16E-03 7.14 E 4 1  
800 129 I 3.14E-03 I 8.82 E 4 1  
I O  100 I 3.92E-02 3.05 Et00 
74 I 292 I 7.16E-03 I 7.74E-01 
512 134 I 3.63E-02 I 7.06 E-01 
169 141 3.64 E43  6.99 E-01 

1010 I 194 I 5.97E-03 1 5.49E-01 
355 158 8.59E-03 I 2.06 Et00 

113 250 7.69 E-03 1.55 E+OO 
74 1 250 I 1.OSE-02 I 1.6OE+OO 
125 150 8.31 E04  2.79 Et00 
438 112 1.01 E 4 3  1.96 Et00 

1044 I 486 I 1.42E-01 I 2.09EWO 
1150 363 I 2.67E-03 I 1.24 EM0 

1290 I I6 3.88 E-03 3.14E+OO 
531 I O  I 5.17E-03 I 3.74E+OO I 
531 8 2.61 E-03 3.21 E N 0  

1210 IO 1.94 E-03 1.88EWO 
I210 1 6 I 2.94E-03 I 2.59EWO 
1700 2 5.47E-04 I 3.01 Et00 

1800 53 I 6.11E-04 I 3.55 Et00 
1.66 E-03 2.08 Et00 
9.56 E44 2.47 Et00 
5.64 E-03 2.22 EWO 

403 12 1.34 E42  1.98 Et00 
IO50 4 1.87E-03 2.57ENO 

tiply the value by 28.454 Wfl’. 

&gimL = micrograms per milliliter. 
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WS)” at 
off-normal 

vent 
(ppm) 

55 
857 

2,034 
2,011 
1,523 
123 
759 
827 
728 
248 
136 
800 
104 
909 
852 
89 
80 

437 
142 
625 
1,164 

286 
207 
331 

1,181 

3,870 
1,771 
5,581 
8,253 
2,922 

3,159 
5,817 

4,312 
4,977 
2,157 
4,582 
6,909 
1,380 
4.345 
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Equation 3-18 gives the formula to calculate the flammable gas concentrations at a given time 
with the aid of a time-dependent gas concentration equation (Equation 3-6 for insoluble gas and 
Equation 3-12 for soluble gas). Because the time variable cannot be expressed in an equation, a 
customized EXCEL macro was developed using Visual Basic to iterate the calculations by 
increasing the time until the specified LFLs in Equation 3-18 are met. The calculated times to 
reach 25% and 100% LFL (time-to 25% LFL and 100% LFL) under the off-normal ventilation 
condition with barometric breathing rate are listed in Appendix D, Tables D-3 and D-4, 
respectively. In the calculations, the flammability level of each flammable gas also is calculated 
for each case to understand the distribution of each gas's contribution to the total LFL. 

Another needed variable is the minimum ventilation rate required to prevent the tank dome space 
fiom exceeding 25% LFL. Equation 3-1 8 gives the time-dependent flammable gas concentration 
in terms of percent of the LFL; however, the ventilation rate is embedded in the time-dependent 
concentration as given in Equations 3-6 and 3-12. No clear solution was developed to find the 
minimum ventilation rate in Equation 3-18. For those tanks exceeding the specified 
flammability level, the minimum ventilation rate can be found by gradually increasing the 
ventilation rate from zero until a total flammability level of less than the specified 25% or 
100% LFL, is obtained. A customized EXCEL macro was developed using Visual Basic code to 
iterate this equation automatically to find the minimum ventilation rate. Details of the calculated 
minimum ventilation rates are listed in Appendix D, Tables D-3 and D-4, for 25% and 
100% LFL, respectively. 

Table 4-3 lists the top I O  tanks with the shortest time to 25% LFL for both DSTs and SSTs under 
the off-normal ventilation condition with barometric breathing rate. Table 4-3 also lists the 
previously calculated times to 25% LFL, the current calculated time to reach 100% LFL, the 
HGRs from current and previous calculations, and the gas concentrations and percent of the LFL 
contribution of the different gases at the time to 25% LFL. In the off-normal condition with 
barometric breathing rates, tanks 241-AY-102 and 241-B-203 provide the shortest time to 25% 
LFL as 23 and 41 days for DSTs and SSTs, respectively, under the off-normal condition. 
Overall, five DSTs and five SSTs are computed to reach 100% LFL if the off-normal condition 
persists. It takes 114 and 250 days to reach 100% LFL for tanks 241-AY-102 and 241-B-203, 
respectively. As shown in Table 4-3, note that the results of this calculation are based on the 
BBI information (November 15,2001) (CHG 2001a), with the exception oftank 241-A-101, 
which is based on waste volume information dated February 28, 2002 (CHG 2002a and 
Parkman 2002). 

Ifusing the November 15,2001 BBI data, tank 241-A-IO1 has highest flammability among 
SSTs, but the tank has been undergoing salt well pumping since June 2001. The HGR and 
flammability, based on the best estimate waste volume on February 28,2002, were recalculated 
to reflect the pumping activity on tank 241-A-101. As of February 28,2002,225 kgal have been 
pumped (Parkman 2002). However, tank waste levels measured between June 2001 and 
February 28,2002, indicate the volume has decreased by 261 kgal. The waste volume, reduced 
from waste level readings, is 36 kgal higher than the liquid volume pumped; this 36-kgal 
difference could be the result of retained gas being released. 
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Table 4-3. Comparison of Time to 25 Percent and 100 Percent of the LFL Between 
Current and Previous Calculations at Barometric Breathing Rate. - 

Time to Time to Time to Time to EGR ratio 
between 

Rev. 2 and 
25% LFL 25% LFL 25% LFL 100% LFL HGR BGR 

Tank t15n t a m  tl5K t l W %  (ft’/min) (ft’lmin) 
(day) (day) (day) (day) CN-116&7 (Rev. 2) (CN-116&7) 

(Rev. 2) (Rev. 0) (CN-116&7) (R ev. 2) 
Double-Shell Tanks 

241-AN-102 
24 1 -AN407 
241-AZ-102 
241-AW-101 
241-AN-105 
241-AZ-101 
241-AN-104 

23 
27 
35 
35 
56 
64 
66 
73 

241-SY-102 
241-SY-101 

241-B-204 
241-A-101 
241-SX-103 
24 1-SX-I05 
241-AX-101 
241-T-203 
241-T-204 
24 1-B-20 1 
241-T-201 

41 
45 
44* 
52 
57 
101 
147 
154 
299 
331 

Notes: 

27 
73 
54 36 
63 24 
92 59 

114 
143 
202 
202 
514 

will not occur 
will not occur 
will not occur 
will not occur 
will not occur 

Single-Shell Tanks 

36 63 
42 57 
22 25 
84 will not occnr 
55 will not occur 
147 will not occur 
180 194 
140 161 
376 280 
424 280 

will not occur 17 
will not occur 20 
will not occur 22 
will not occur 28 
will not occur 30 
wil l  not occur 30 
will not occur 35 
will not occur 36 

250 
300 
303’ 
455 
526 

will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 
will not occur 

3.18E42 
1.20 E42 
9.67 E43 
1.07 E42 
5.06 E43 
4.27 E43 
6.83 E43 
4.83 E43 
2.21 E43 
3.62 E43 

1.93 E44 
1.94 E44 
1.31 E-02’ 
1.47 E42 
1.66 E42 
6.70 E43 
1.56 E44 
1.56 E44 
1.33 E44 
1.29E-04 
9.21 E44 
8.38 E44 
1.09 E43 
1.88 E43 
8.00 E44 
1.13 E43 
8.08 E44 
7.23 E44 

*The flammability and hydrogen generation rate based on the estimate volume on February 
uumninn activitv 

1.83 E42 
1.64 E42 
2.92 E42 
1.71 E42 
4.31 E43 
7.40 E43 0.58 
2.01 E42 0.34 
5.91 E43 0.82 
8.59 E44 2.57 
3.65 E42 0.10 

1.75 E44 1.11 
1.75 E44 1.10 
1.04 E42 1.26 
1.50 E43 9.8 
1.30E43 12.8 
6.40 E44 10.45 
1.75 E44 0.89 
1.75 E44 0.89 
1.75 E44 0.76 
1.75E-04 0.74 
6.14 E42 0.02 
5.23 E42 0.02 
4.39 E42 0.03 
3.96E-02 0.02 
2.26 E42 0.04 
3.56 E42 0.03 
1.92 E42 0.04 
3.04 E42 0.02 

2002, to reflect the salt well 

&F-&WMCN-116, 1997, Calculations OfHVrogen Rate at Steady Statefar DoubleShell Tank, Lockheed h4artin 

HNF-SD-WMCN-117, 1997, Calculation Note Hyirogm Generation Rates at Steady State, Lockheed Martin W o r d  

LFL = lower flammability l i t .  
HGR = hydrogen generation rate. 

Hanford Corporation, Richland, Washington. 

Corporation, Richland, Washington. 
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Gas release events were observed during salt well pumping. The best estimate waste volume for 
tank 241-A-101 on February 28,2002, is 718 kgal with 270 kgal of liquid, 397 kgal of solid 
waste, and 5 1 kgal of retained gas. Based on the estimated waste volume of 718 kgal, the 
calculated HGR is 1.3 1 E-2 A3/min, and time to reach 25% and 100% LFL is 44 and 303 days, 
respectively. In comparison, based on the volume of BBI information (CHG 2001a) the 
calculated HGR is 1.80 E-2 ft3/min, and time to reach 25% and 100% LFL is 17 and 82 days, 
respectively. 

4.5.2 

A zero ventilation condition means a closed system. Without considering or including other 
possible mechanisms for gas leaving the system such as diRusion through the tank dome space 
concrete wall, it is expected that every tank will eventually reach 100% LFL over time under 
zero ventilation. In this model calculation, it is reasonable to assume that the tank will not be 
pressurized, thus the newly generated gas will slowly push the old gas composition out and form 
a new concentration of flammable gas without increasing the pressure. Time to reach 25% and 
100% LFL under zero ventilation are computed for SSTs. 

In the flammability calculations, there are several tanks that the nitrous oxide concentration 
increased to the model limit of 8% before the total flammability reached 100% LFL due to zero 
ventilation assumption. As discussed in Section 3.2, the flammability level for individual 
flammable gas is 4%, 15%, and 5% for hydrogen, ammonia, and methane, respectively, if the 
nitrous oxide is less than 8%. When the mixture has more than 8% nitrous oxide, the individual 
flammable gas required less concentration than listed above to reach the flammability level of the 
LFL. For those tanks having high nitrous oxide concentration, the calculations of “the time to 
reach 100% LFL” simply represents the time for the nitrous oxide to reach 8% while the total 
flammability is still less than 100% LFL. 

Table 4-4 summarizes the flammability calculation under off-normal ventilation conditions at 
zero ventilation rate for those tanks with “the time to reach 100% LFL” less than 1,500 days. 
For comparison, the time to reach 25% and 100% LFL under off-normal ventilation condition at 
barometric breathing rate are also given in Table 4-4. Note that the time to reach 100% LFL has 
substantially decreased from 250, 303, and 455 to 150, 165, 193 days for tanks 241-B-203, 
241-A-101, and 241-SX-103, respectively, for the zero ventilation barometric breathing rate. It 
is worth mentioning that under the zero ventilation the ratio of time to 100% to 25% LFL should 
be roughly four (higher than four means the ammonia contribution is more significant and the 
ammonia concentration is not linearly increasing by time, but governs by the liquid-vapor 
equilibrium mechanism). Tanks with a ratio less than four means the “time to reach 100% LFL” 
is the time to reach the 8% nitrous oxide model limit, but the flammability is not yet 100% LFL. 
The minimum vent rates to keep the dome space below 100% LFL for most tanks, except a half 
dozen tanks, are equal or less than 0.1 ft3/min. 

Off-Normal Condition With Zero Ventilation 
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Barometric Breathing Rate 

Table 4-4. Summary of Flammability Calculations Under Off-normal Condition with Both 
Barometric Breathing and Zero Ventilation Rates for Single-Shell Tanks. 

0.02 
0.02 
1.39 
1.55 
1.70 
0.02 
0.02 
0.72 
0.02 
0.21 
0.11 
0.02 
0.42 
0.02 
0.27 
0.24 
0.40 
0.21 
0.43 
0.22 
0.43 
0.17 
0.01 
0.47 
0.37 
0.47 
0.19 
0.16 
0.14 
0.12 
0.36 
0.18 
0.16 
0.13 
0.20 

0.005 
0.005 
0.34 
0.38 
0.42 
0,005 
0.005 
0.18 
0.004 
0.04 
0.03 
0.004 
0.10 
0.004 
0.07 
0.06 
0.10 
0.05 
0.10 
0.05 
0.11 
0.04 
0.003 
0.12 
0.09 
0.10 
0.05 
0.04 
0.03 
0.03 
0.09 
0.05 
0.04 
0.03 
0.04 

breathing reach 25% T~~~ toreach toreacn 

tzsn 1 125% LFL 1 IOO;~LFL I rate I LFL 

Note: LFL = lower flammability limit. 
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Zero Ve 
Time to 

reach 100% 
LFL 

(days) 

150 
164 
165 
193 
194 
305 
326 
338 
503 
550 

619 
658 
707 
711 
751 
774 
806 
844 
874 
888 
929 
936 
938 
1032 
1067 
I078 
1082 
1146 
1226 
1273 
1295 
1302 
1378 
1381 
1390 

tilation Scenario 

below below 

4.1 
4.1 
4.2 
4.1 
4.2 
2.8 
3.3 
4.1 
2.9 
2.8 
1.7 
4.0 
4.0 
4.0 
4.0 
4.1 
4.0 
4.6 
4.4 
4.1 
4.0 
4.5 
3.4 
4.0 
5.1 
4.6 
2.8 
4.9 
4.4 
4.0 
4.1 
4.8 
4.3 
4.0 
4.7 

__ 
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4.6 UNCERTAINTY ANALYSIS: TANK 241-AN-104 AS AN EXAMPLE 

A Monte-Carlo analysis was performed to investigate the sensitivity of the model presented. 
Appendix E contains a MathCad' model that performs a preliminary analysis ofthe model as 
applied to tank 241-AN-104. The evaluation was limited in scope and, because the sensitivity of 
the results to sample count has not been studied, the results might not be statistically valid. The 
number of samples was limited to 500. However, some interesting findings are presented. 
Typically, the characterization data were entered with an estimated uncertainty in the data listed 
as a standard deviation of 10% of the value. In the case of the waste temperature, a standard 
deviation of 5 K, or about 1.6% was used. Because of the exponential relationship between 
temperature and the HGR by thermolysis, the uncertainty in the results were amplified to about 
50% for the thermolysis HGR term. In addition, the mean of the thermolysis generation rate 
distribution increased by approximately 25%. Although the radiolysis term also has an 
exponential relationship to temperature, the structure of the formula dampens the effect. (This is 
a result of the nontemperature-dependent 6 2 0  term being added to the temperature-dependent 
Gorg term.) For the total waste in tank 241-AN-104, Table 4-5 summarizes the differences in 
HGRs, in steady-state flammable gas concentrations, time to 25 and 50% LFL, and the required 
ventilation rates to maintain concentrations below 25 and 100% LFL. 

Monte Carlo Monte Carlo Analysis 
Analysis Median Standard Deviation Description 

H, =hydrogen. 
HGR = hydrogen generation rate. 
LFL = lower flammability limit. 
nc =not calculated 
NHs =ammonia 
C& =methane. 

' ' Mathcad is a registered tradema& of MaIhSofI Engineering & Education, Inc. 

4-17 
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4.7 DISCUSSION 

In Revision 2 of this report, the flammability calculations were updated because the HGRs were 
recalculated based on the latest BBI detail calculation report and SACS temperature data. In the 
off-normal ventilation condition, under barometric breathing rate the shortest time to 25% LFL is 
computed to be 23 days for tank 241-AY-102, which is shorter than the previous calculation 
because the tank has since received the waste from the high-heat tank 241-C-106. For SSTs, the 
shortest computed time to 25% LFL is 41 and 37 days for tank 241-B-203 under barometric 
breathing and zero ventilation rate, respectively. Although tank 241-B-203 has a very low HGR 
(on the order of 2 E-4 ft3/min), it has the shortest time to reach 25% LFL. This is because the 
tank is very full resulting in a small dome vapor space, which results in a rapid rise in flammable 
gas concentration. Similar situations also occurred for tanks 241-B-204, 241-T-203 and 
241-T-204. 

One major upgrade in Revision 1 was the incorporation of the liquid-vapor equilibrium model 
(RPP-4941) into the methodology to handle highly soluble ammonia. This model reduces the 
conservatism in estimating the ammonia flammability found in Revision 0. As a comparison, the 
predicted ammonia flammability concentrations for tanks 241-AP-101, 241-AP-102, 241-S-101, 
241-AN-102, and 241-AN-107 are reduced from the values of 2.7, 2.5, 1.0, 1.8, and 2.2% LFL in 
Appendix B, Table B-3, Revision 0, to the values of 0.55, 0.49, 0.57, 0.57, and 0.51% LFL in 
Revision 1, Appendix D, Table D-3, respectively. In addition, the update of the status of tank 
241-SY-101 having had 616 kgal of its waste transferred out and its remaining waste diluted has 
significantly reduced the overall flammability of its dome space. As shown in Table 4-3 of 
Revision 1, the computed time to reach 25% LFL with off-normal ventilation has increased from 
9 days (in Revision 0) to 152 days (in Revision 1). The HGR is reduced by a factor of more than 
10, from 3.7 E-2 ft3/min (as of October 1999) to 3.0 E-3 fi3/min (as of April 2001). 

The dome space ammonia concentration in tank 241-SY-101 increased from 4 pprn (before 
transfer data) to 400 ppm (January 2001 data), even though the liquid concentration decreased by 
a factor of 4 comparing data from before and after the waste was transferred out of the tank. 
After the waste had been transferred from tank 241-SY-101, most of the crust layer was removed 
and the effective area, A, for mass transport increased; therefore, the concentration in the dome 
space increased even though the concentration of the ammonia in the liquid decreased. 
Calculations show the observed ammonia concentration increase from 50 ppm to 400 ppm can be 
accounted for by the observed liquid pool size increase from a diameter of 10 fi to 20 fi in the 
time frame of July 2000 to January 2001, respectively. Calculations also indicated that most of 
the SSTs analyzed had effective surface areas as small as several tenths of 1% of the total tank 
waste surface. Caution should be taken in using the results of the calculated product of h and A 
from Appendix C, Table C-3, because the accuracy is limited by the accuracy of the input data. 
Calculation uncertainty is also increased if data such as dome space ammonia concentration, 
ventilation rate, and liquid concentration are not collected at the same. The tank 241-SY-101 
example shows the model calculations agree reasonably with field observations when the input 
data are accurate and are taken in the same time frame. 

Another observation is that the area of liquid surface in tank 241-SY-101 seems to be changing 
continuously and, therefore, the ammonia transport rate will change accordingly. Calculations 
show that the steady-state dome space ammonia concentration under normal ventilation 
conditions would reach 2,573 ppm if the effective area were 100% for a given liquid ammonia 
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concentration of 1,040 pghd,. Using this concentration, the equilibrium vapor concentration of 
3,895 ppm is calculated. For the scenario of the waste surface being fully open with a 
100% effective mass transport area, the total flammable gas concentration is calculated to be 
1.73% under normal ventilation conditions, and the total mass transport product of h and A is 
2.09 fi3/min. Therefore the calculated time to reach 25% LFL under the off-normal ventilation 
condition would become 145 days rather than the 146 days predicted by the previous methods. 

Monitoring data from July 2001 show that the ammonia concentration in the dome space went up 
to 1,700 ppm. This is a factor of four increase compared to the January 2001 data. The increase 
of ammonia concentration could result from the increase of open surface area as discussed 
previously. It also is possible that the results are from the reduced ventilation flow rate because a 
similar increase also was observed for both hydrogen and nitrous oxide. In any case, the 
ammonia concentration of 1,700 ppm is still within the range of the ammonia calculation, which 
shows that the time to 25% would be around 146 days whether the ammonia concentration is 
400 ppm or 2,573 ppm under the off-normal ventilation condition. 

The hydrogen generation model assumes that hydrogen generation occurs in the liquid phase. 
This model uses the liquid layer composition data when calculating generation rates. However, 
many SSTs do not have a supernatant liquid layer. The liquid information for these tanks is 
determined from the drainable liquid sample data or statistically from other tanks in the same 
waste group. The liquid composition data are used to estimate the gas generation rate from the 
interstitial liquid portion of the solid layer. The liquid fraction is estimated based on the 
weight-percent-water data of the solid layer. 

HGRs are compared for this report, using the model in RPP-3851 and the previous calculation 
note HNF-SD-WM-CN-117. In general, the HGRs calculated in this reports are smaller than 
previously reported, unless the tank has received more waste, such as tanks 241-SY-102 or 241- 
AY-102. The difference is two fold. First is the improvement of the HGR model, and second is 
the update of input data. HNF-SD-WM-CN-117 calculated the HGRs using a preliminary HGR 
model, which was developed with very limited gas generation data. The HGRs calculated in this 
report use the current rate equation model (HNF-3851), which based on a large body of gas 
generation data and waste characterization data. One of the main differences between the current 
model (RPP-3851) and the previous model ("F-SD-WM-CN-117) involves the basis for the 
radiolysis term. In the previous model, the radiolysis G-value was calculated by scaling the 
single G-value from tank 241-SY-103 samples at 60 'C. For most tanks, the temperatures are 
lower than 60 OC; therefore, the radiolysis rates had been overestimated. The current model 
incorporates a temperature-dependent rate equation for radiolysis, which includes the activation 
energy for the radiolytic reaction. In addition, current model has updated the activation energy 
of thermolysis, introduced the TOC reactivity coefficient, and improved the coefficient for water 
radiolysis. 

For the input data, the updated tank data also show cooler waste temperatures (although 
temperatures used in Revision 2 are the maximum for the past year and are usually higher than 
the mean annual temperatures used in Revision 1) and reduced heat loads caused by the decay of 
radionuclides (radionuclides are now decayed to January 1,2001). Also, the organic reactants 
are consumed as time goes on. Due to revised radionuclide decay dates, the current HGRs for 
DSTs are expected to be lower than the previously calculated values. As shown in Table 4-3, the 
ratios between the current and previous generation rates are less than one, except for active 
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tanks, which received wastes from high-activity SSTs, and for tank 241-AY-102, which received 
material from tank 241-SY-101. The calculation for tank 241-SY-101 waste was updated to 
reflect the waste transferred out between December 1999 and February 2000. Note that the HGR 
is 2.98 E-3ft3/min in Revision 1, which is about one tenth of the rate before the waste transfer, as 
shown in Revision 0 of this report. 

The major difference between this report and previous calculations for the flammability 
evaluation (HNF-SD-WM-CN-116 and HNF-SD-WM-CN-117) is that the time to 25% LFL of 
the mixture was calculated by fixing the ammonia and methane contribution to 2% L E ,  then 
calculating the time for hydrogen to reach 23% LFL. The previous 2% assumption was based on 
the highest ammonia and methane concentration observed in the tank dome space. The current 
model considers all three fuels (hydrogen, ammonia, and methane) as a function of time for the 
off-normal ventilation condition. 

The HNF-SD-WM-CN-116 calculation and the current model calculation for the SSTs use 
completely different approaches, bases, and assumptions, which makes comparing the results 
from these two calculations difficult. HNF-SD-WM-CN-116 calculates the hydrogen release 
rates for all 149 SSTs using two pieces of information, the hydrogen concentration and the 
ventilation rate as discussed in Section 3.4. Ideally, the HNF-SD-WM-CN-116-derived gas 
release rates required both gas concentration and ventilation rate to be measured simultaneously 
because the hydrogen dome space concentration is a function of the ventilation rate. It is rare to 
find both pieces of data measured at the same time. Because of the lack of measured data, 
HNF-SD-WM-CN-116 used the best-estimate or conservative bounding values to calculate the 
HGRs for many tanks; therefore, the uncertainty in the gas generation rate could be relatively 
high. For example, tanks 241-SX-107, 241-SX-108, 241-SX-110,241-SX-111,241-SX-112, 
and 241-SX-114 have high ventilation rates (about 300 to 400 ft3/min) and were assigned a 
bounding value of 140 ppm for hydrogen concentration. 

Therefore, the resulting time to 25% LFL calculation ranged from 17 to 36 days as summarized 
in Table 4-3. This resulted in a large conservatism being built into these calculations because the 
calculated release rates were the same size or up to two times the generation rate from 
tank 241-SY-101, as reported in HNF-SD-WM-CN-117. For these tanks, the HGRs calculated 
by the current rate equation model are all an order of magnitude smaller than the 
HNF-SD-WM-CN-116 calculated generation rates and the loss-of-ventilation-case dome space 
gas compositions in these tanks will not reach 25% LFL. On the other hand, tanks 241-SX-103 
and 241-SX-105 will not reach 25% LFL based on HNF-SD-WM-CN-116 generation rates, but 
will reach 25% LFL in 52 and 57 days in Revision 2, respectively, in the current model 
calculation. 
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5.0 FLAMMABILITY CALCULATIONS FOR WASTE ADDITION 
SCENARIOS 

Chapter 4.0 explained the flammability evaluations of 177 underground tanks under current 
waste conditions. This chapter covers the case studies of the flammability levels resulting from 
water or waste additions to current DST levels. One scenario is to fil l  tanks with water from 
current waste levels to 1,140 kgal (414 in.); the other is to fill the tanks with tank waste similar to 
what presently is in the tank. The fill-up level of 1,140 kgal is based on the current operating 
capacity for DSTs (HNF-SD-WM-ER-029, Operational Wasie Volume Projection). These 
scenarios are the bounding cases for possible tank waste operations such as routine flushing 
water addition, caustic water addition, and waste transfers among DSTs to make space for 
receiving waste. The intent of these case studies is to provide an additional technical basis for 
flammable gas controls on DSTs. 

To model the case of filling the tank with similar tank waste, the total gas generation rates of 
hydrogen and methane are estimated by the gas generation rate per unit waste volume multiplied 
by the total volume of 1,140 kgal. The gas generation rates per unit waste volumes are 
calculated by dividing the total gas generation rates listed in Appendix B, Table B-3, by the 
volumes listed in Table B-I. In the scenario of filling the tank with similar waste, the ammonia 
concentration in the liquid would remain the same. However, the mass transport coefficient, h, 
will be conservatively calculated directly, as described in Appendix A, using 100% surface area, 
A, because the waste surface configuration would be different from current storage conditions. 

For the case of filling the tank with water, the gas generation rates have been re-derived because 
the waste has been diluted by water addition. In the model calculation, the added water is 
assumed to be well mixed with the supernatant liquid layer only; therefore, only the generation 
rate of the liquid layer needs to be recalculated. The ratio of the amount of water added to make 
up 1,140 kgal and the sum of the added water and the original supernatant liquid was used as a 
dilution factor to scale the chemical concentrations, as well as the density and weight-percent 
water of the supernatant liquid layer. 

If the analytes are not saturated, then adding water will dilute the analyte concentration and it 
would be reasonable to recalculate the concentration by the dilution factor and the HGR can be 
calculated accordingly. In general, the waste is not saturated with TOC and aluminum; however, 
several tanks contain concentrated nitrite and nitrate. If the supernatant is saturated with nitrite 
and nitrate, then adding water would cause additional nitrite and nitrate to dissolve, and thus the 
nitrite and nitrate concentrations would be higher than the mathematically diluted value. As 
discussed in RPP-385 1, the HGR from water radiolysis is reduced by salts such as nitrate and 
nitrite in the solution because the salts consume the solvate electron from waste radiolysis. 
Consequently the HGR from radiolysis would be higher using the mathematical diluted nitrite 
and nitrate value. 

For aluminum, the solubility is complex; however it plays a catalysis role and is less sensitive in 
the hydrogen model calculation. These arguments should definitely hold for each small amount 
of water addition, such as flush water. If a large quantity, such as the amount specified in the 
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Description 241-AN-102 241-AN-107 241-AY-102 241-AZ101 

GRE! evaluation of water or flush water, is added at once the gas generation rate should be 
reevaluated. 

In addition, the temperatures of the waste and dome space were expected to remain the same as 
before waste or when water is added. In practice, unless the added water is heated up to or 
beyond the temperature of the supernatant liquid, this temperature assumption would be 
conservative in terms of the HGR recalculation. The ion concentration and Henry’s Law 
constant were recalculated for the ammonia calculation based on the dilution factor. The mass 
transport properties of the product of h and A used the calculated h and 100% area, 4 because 
the water addition changed the configuration of the waste surface; therefore, the original 
field-data-derived product of h and A no longer holds. For methane and nitrous oxide, the total 
generation rates remain the same, assuming the water addition has no effect on the total 
generation of methane or nitrous oxide because no tank-waste-dependent model exists for 
calculating the rate of methane and nitrous oxide. This assumption would result in a 
conservative total flammability calculation. 

Table 5- 1 summarizes the ff ammability assessments of the waste addition to DSTs for the top 
five active tanks, including tank waste volume, HGR, barometric breathing rate, and times to 
25% and 100% LFL. 

241-A2102 

Current tank waste volume’ 
(as of November 2001) @gal) 1,054 1,041 635 944 991 

Tank waste volume @gal) 

Total H2 generation rate (ft’lmin) 
Bammetric breathing (ft’lmin) 

Time to 100% LFL (days) 
Time to 25% LFL (days) 

‘The waste volume based on BBI (CHG 2M)la) 
To convert the Unit of ft’ to L, multiply the value by 28.454 L/ft3. 
To convert the Unit of kgal to kL, multi~lv the value by 3.785 kwkgd 
Hz =hydrogen. 
kgal = kilogallons 
LFL = lower flammability limit. 

1,140 1,140 1,140 1,140 1,140 

1.3 E-2 1.1 E-2 5.6 E-2 8.1 E-3 1.2 E-2 
0.11 0.11 0.11 0.11 0.11 

91 115 18 156 94 
19 23 4 29 19 
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Details of the calculation results for these waste addition studies are given in Appendix F. 
Tables F-1 through F-4 list the input data and the calculation results for HGRs. Appendix F, 
Tables F-5 and F-6, show the results of Henry's Law constant and the mass transport properties. 
Tables F-7 through F-10 give the results of flammability calculations and times to 25% and 
100% LFL. 

As shown in Tables 4-3 and 5-1, the total HGRs increase when filling the tank with similar waste 
compared with the rates of current waste conditions, but they decrease when adding water 
because ofthe water dilution. Tank 241-AY-102 has the highest HGRs in all cases. The total 
generation rate is 3.18 E-2 ft-'/min at current conditions and becomes 2.73 E-2 A3/min and 
5.62 E - 2 ft'/min when filling up with water and similar waste, respectively. Note that the 
current waste volume in tank 241-AY-102 is 635 kgal and the tank is a little over half full; that is 
why the total HGR goes up almost a factor of two when filling with similar waste. The 
flammability distributions among hydrogen, ammonia, and methane are given in Appendix F, 
Tables F-9 and F-10; the tables show that hydrogen is the major contributor (over 90%) to the 
total flammability in all cases. 

The times to 25% and 100% LFL are listed in the last two rows of Table 5-1 for each type of 
addition. Under current conditions, as shown in Table 4-3, tank 241-AY-102 has the shortest 
time to 25% and 100% LFL, 23 days and 57 days, respectively. The next shortest times to 25% 
and 100% LFL are 27 days and 144 days, respectively, for tank 241-AN-102. In the cases of 
waste addition, whether with water or similar waste, the times to 25% and 100% LFL are shorter 
than for the current conditions for all top five tanks, even though the HGRs decrease in the water 
addition case. This occurs because the calculated barometric breathing rate is proportional to the 
tank headspace volume. All the rates decreased to 0.1 1 f13/min when filled with water or similar 
waste. When filling tank 241-AY-102 with waste, the times to 25% and 100% LFL are 4 days 
and 18 days, respectively, and 9 days and 39 days, respectively, for the case of filling with water. 
The next shortest times to 25% and 100% LFL for the waste addition studies are 19 days and 91 
days, respectively, for the case of filling with waste, and 21 days and 107 days, respectively, for 
the case of filling with water for tank 241-AN-102. 
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6.0 SUMMARY AND CONCLUSIONS 

The results of this report may be used to establish technical safety requirements for ventilation in 
tanks, establish maximum permissible down times for active ventilation systems, develop 
procedures for operations that require closing vent valves to HEPA filters on passively ventilated 
tanks, and support the technical basis for flammable gas control strategies. 

The HGRs were calculated for the 177 SSTs and DSTs using a rate equation model and tank 
waste data. Calculated HGRs for DSTs ranged from 3.2 E-2 to 3.2 E-4 ft3/min with the highest 
rate found in tank 241-AY-102. For SSTs, the rate ranged from 1.7 E-2 to 4.0 E-5 ft3/min, with 
tank 241-SX-105 having the highest rate. For most DSTs, the tank data are sample based. For 
several SSTs, the tanks were stabilized and no liquid samples were available. The waste 
grouping method was used to generate default values for missing tank waste data by creating a 
distribution from all property data for a similar class of wastes (SNL-000198). 

Flammable gas concentrations, in terms of percent of the LFL in the tank dome space, were 
evaluated under both normal and off-normal conditions for all 177 tanks. For normal ventilation 
conditions, all tanks are computed to remain well below 25% LFL with the highest flammable 
gas concentration level at 4% LFL in tank 241-U-105. Under off-normal conditions with 
barometric breathing rate, the shortest time to reach 25% LFL is 41 days for SST 241-B-203 and 
23 days for DST 241-AY-102; with zero ventilation scenario, the shortest time to reach 25% 
LFL is 37 days for SST 241-B-203. Overall, under off-normal conditions with the barometric 
breathing rate the calculations show that 37 tanks will reach 25% LFL and 10 tanks will reach 
100% LFL. For the water addition study on DSTs, the shortest time to reach 25% and 100% 
LFL are 4 and 18 days, respectively for DST 241-AY-102. 
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APPENDIX A 

INPUT DATA FOR HYDROGEN GENERATION CALCULATIONS FROM BEST 
BASIS INVENTORY DETAIL CALCULATION REPORT AND DERIVATION 

DOCUMENT (NOVEMBER 15,2001) 
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Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) - 

"lcs 

(C/mL) 
density 

1.17 E 

- 
9"SSr 

(g/mL) 
density 

1.17 E 

AI I NO, 1 NO, I TOC 
density density density density Waste phasdtype 

241 -AN-I 02 Supcrnatant I 241-AN-102 Salt Cake/&-SltSlr (Solid) 

1.43 S 

1.56 E 

1.43 S 

1.56 E 

24 1 -AN- 103 

241-AN-IO3 Salt Cake/&-SltSlr (Solid) 

SupernatanVA2-SltSlr (Liquid) 1.49 S 

1.69 S 

1.49 S 

1.69 S 

1.41 S 

1.57 S 

1.42 S 

1.62 s 

- 
1.41. S 

1.57 S 

1.42 S 

1.62 S 

- 
1.40 S 140 S 141 S 140 S I .  I '  I '  241-AN-104 SupernatanUA2-SltSlr (Liquid) 

241-AN-I 04 

241-AN-I 05 Salt CakdA2-SltSlr (Solid) 

1.59 

1.42 

1.62 

1.18 

1.58 E 

1.62 SI  1.62 S 11.62 S 1 1.62 S 

24 1 -AN- I06 Supernatant 

241 -AN-I 06 Salt Cake 

1.18 E 

1.58 E 

1.18 E 

1.58 E 

241-AN-107 SupernatanVAZ-SltSlr (Liquid) 

24 1 -AN-I 07 Salt Cake 

1.37 S 

1.56 S 

1.37 s 
1.56 S 1.56 S I 

1.31 S 

1.20 s 
1.31 S 

1.25 E 

- 
- 
- 

1.31 S 

1.20 s 
1..31 S 

1.25 E 

- 
- 
- 

1.31 S I 241-AP-101 Supematant 

24 1 -AP-I 02 Supernatant 

241-AI'-IO3 Supernatant 

24 I -AP- 104 Sunernatant 

1.31 S 1.31 S 1.31 S 1.31 S 

1.20 s 1.20 s 1.20 s 1.20 s 
1.31 S 1.31 S 1.31 S 1.31 S 

1.25 E 1.25 E 1.25 E 1.25 E 

1.35 E 1.35 E 1.35 E 1.35 E 

1.58 S 1.58 S 1.58 S 1.58 S 

1.26 E 1.26 E 1.26 E 1.26 E 

241-AI'-105 SupematanVA2-SltSlr (Liquid) 

241-AP-105 Salt Cake/AZ-SltSlr (Solid) 

1.35 E 

1.58 E 

1.35 E 

1.58 E 

I 241-AP-106 I Supernatant 1.26 E 1.26 E 

I 241-AI'-IO7 I Supematant 1.25 S 1.25 s 
1.25 S 

1.47 S 

1.59 S 

1.01 E 

1.32 S 

- 
- 

- 

1.25 SI  1.25 S 11.25 SI 1.25 S 

1.25 S 

1.47 S 

1.59 S 

1.01 E 

1.32 S 

- 

- 

1.25 S 1.25 S 1.25 S 1.25 S 

1.47 S 1.47 S 1.47 S 1.47 S 

1.59 S 1.59 S 1.59 S 1.59 S 

1.01 E 1.01 E 1.01 E 1.01 E 

1.49 E 1.49 E 1.32 S 1.49 E 

1.24 E 1.24 E 1.24 E 1.24 E 

1.47 S 1.47 S 1.46 S 1.46 S 

1.69 S 1.69 S 1.64 S 1.69 S 

1.07 S 1.07 S 1.07 S 1.07 S 

1.28 S 1.28 S 1.20 E 1.28 S 

1.43 S 1.43 S 1.60 E 1.43 S 

1.60 S 1.60 S 1.60 S 1.60 S 

241-AW-101 Salt Cakz/AZ-SltSlr (Solid) 

241 -AW-I 02 Sludze/CWPI (Solid) 1.32 

1.24 

1.46 

I .69 

1.07 

1.28 

1.43 S 

1.60 

1.24 E 

1.48 S 

1.48 S 

1.24 E 

1.48 S 

1.48 S 

24 1 -AW-I 03 Supematant 

241-AW-103 Sludge/CWZrZ (Solid) 

241-AW-103 Salt Cake/Al-SltCk (Solid) 

1.07 S 

1.20 E 

1.60 E 

1.44 S 

1.07 S 

1.20 E 

1.60 E 

1.44 S 

24 1 -AW- 104 

241 -AW-I 04 

Sludge (Solids)/PL2 (Solid) 

Sludge (Liquids)/PLZ (Liquid) 
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Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

Waste phase/type density 

24 I -AW-I 05 Supernatant 1.07 s 
24 I -AW- I05 Sludge/CWZrZ (Solid) 1.31 S 

241-AW-106 

241 -AW- 106 

241-AY-I01 

241-AY-101 

241 -AY-I 0 1 

Supernatant 

Salt Cake/Al-SltCk (Solid) 

Supematant 

Sludge (Solids) 

Sludee (Liauids) 

1.32 E 

1.58 E 

1.22 E 

1.59 s 
1.14 S 

- 

241-AY-102 SupernatanVBL (Liquid) 1.13 S 

24 1 -AY-I 02 Sludge (Solids)/BL (Solid) 1.48 S 

241-AY-102 Sludge (Liquids)/BL (Liquid) 1 . I3  E 

241-AZ-101 Supematant 1.24 S 

241-Az101 SludgeP3 (Solid) 1.62 S 

241-A2102 Supernatant 1.14 S 

241-Az102 Sludee 1.35 S 

241-SY-I 01 SupematanUS2-SltSlr (Liquid) 1.36 S 

241-SY-101 Salt Cake/S2-SltSlr (Solid) 1.51 S 

241-SY-102 Supernatant 1.25 E 

241-SY-102 SludgeJZ (Solid) 1.44 S 

241-SY-103 SupernatanUSZ-SltSlr (Liquid) I .47 S 

24 1 -SY-I 03 Salt CakeJS2-SltSlr (Solid) 1.61 S 

241-A-101 SupernatanVAl-SltCk (Liquid) 1.49 S 

241-A-IO1 SludgeP2 (Solid) 1.36 E 

241-A-101 Salt Cake (SolidsyAl-SltCk (Solid) 1.68 S 

241 -A-1 02 SupematanUAl-SltCk (Liquid) 1.57 E 

241-A-I02 Salt Cake (Solids)/Al-SltCk (Solid) 1.59 S 

241-A-IO2 Salt Cake (LiquidsyAl-SltCk (Liquid) 1.57 E 

24 1 -A-I 03 

24 1 -A-l03 

241-A-I03 

241 -A- 103 

241 -A-I 04 

241 -A-1 04 

Supematant/AI -SltCk (Liquid) 

SludgdAR (Solid) 

Salt Cake (Solids)/Al-SltCk (Solid) 

Salt Cake (LiauidsVAl-SltCk (Liquid 

SludgelPl (Solids) 

Sludae/AR (Solids) 

1.45 E 

1.3 E 

1.35 E 

1.45 E 

1.64 S 

1.64 S 

90 Sr AI NO, NO, TOC Chosenwaste 
density density density density density phase density 
(g/mL) WmL) (C/mL) (g/mL) ( g / W  ( g / W  
1.6C E 1.44 S 1.44 S 1.44 S 1.44 S 1.44 S 

1.07 S 1.07 S 1.07 S 1.07 S 1.07 S 1.07 S 

1.31 S 1.31 S 1.31 S 1.31 S 1.31 S 1.31 S 

1.32 E 1.32 E 1.32 E 1.32 E 1.32 E 1.32 E 

1.58 E 1.58 E 1.58 E 1.58 E 1.58 E 1.58 E 

1.22 E l  1.22 SI  1.22 S 11.22 S 11.22 S I  S 1.22 

1.59 S 1.59 S 1.59 S 1.59 S 1.59 E 

1.14 S 11.14 S i  1.14 S i l . 1 4  S i  1.14 S 1 [ 
1.13 S 1.15 S 1.15 S 1.15 S 1.15 S 

1.4X S 1.45 S 1.45 S 1.45 S 1.45 S 1.45 

1.13 E 1.10 S 1.10 S 1.10 S 1.10 S 1.10 S 

1.24 S 1.24 S 1.24 S 1.24 S 1.24 S 1.24 S 

1.62 S 1.62 S 1.62 S 1.62 S 1.62 E 1.62 S 

1.14 S 1.14 S 1.14 S 1.14 S 1.14 S 1.14 S 

1.35 S 1.38 S 1.38 S 1.35 S 1.38 S 1.38 S 

1.36 S 1.36 S 1.36 S 1.36 S 1.36 S 1.36 S 

1.51 S I I l I i  1 .51  S 1.51 S 1.51 S 1.51 S 1.51 S 

1.47 S 11.47 S I  1.47 S 11.47 S I  1.47 S I 1.47 S 

1.61 S 1.61 S 1.61 S 1.61 S 1.61 S 1.61 S 

1.49 S 1.49 S 1.49 S 1.49 S 1.49 S 1.49 S 

1.57 E 

1.59 S 

1.57 E 

1.57 E 1.57 E 1.57 E 1.57 E 1.57 E 

1.70 S 1.70 S 1.70 S 1.70 S 1.70 S 

1.57 E 1.57 E 1.57 E 1.57 E 1.57 E 

1.45 E 

1.3 E 

1.35 E 

1.45 E 

1.64 S 

1.64 S 

1.45 E 1.6 E 1.45 E 1.45 E 

1.3 El 1.3 E l  1.3 E l  1.3 El ,, 
1.35 E 1.58 E 1.35 E 1.35 E 

1.45 E 1.6 E 1.45 E 1.45 E 

1.64 S 1.79 E 1.79 E 1.79 E 1.64 

1.64 S 1.30 E 1.30 E 1.30 E 1.64 
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Table A-1. Density o f T d  Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

c s  I ')I' Sr I AI 117 I Tank 
TOC I Chosen waste 

density phase density density I density I density Waste phase/type 

SludgeP2 (solids) 

Sludge/SRR (solids) 

Sludge/AR (Solids) 

Salt Cake (SolidsYAl-SltCk (solids) 

qy 1.55 E 1.70 

1.55 E 1.55 E 1.55 E 

1.55 E 1.55 E 1.55 E 

1.55 E 1.55 E 1.55 E 

1.4 S 1.4 S 1.53 S 7 1.32 E 1.32 E 1.32 E 

1.70 S 

1.70 S 

1.70 S 

1.55 E 

1.55 E 

1.55 E 

241-A-106 

241 -A-1 06 

~ ~ I - A - I M  

Supematant/Al-SltCk (Liquid) 

SludgdSRR (Solid) 

Salt CakdAl-SltCk (Solid) 

1.53 S 

1.32 E 

1.68 S 

1.62 E 

1.5 S 

- 

1.53 S 

1.32 E 

1.68 S 

1.62 E 

1.5 s 

- 

241-AX-101 

241 -AX-IOI 

24 I -AX-I n I 
24 I-AX-I 02 

241-AX-102 

241-AX-I 03 

241 -AX- 103 c 241 -AX- 103 

SludgdBL (Solid) 

Salt CakdAl-SltCk (Solid) 

SludgeP2 (Solid) 

Salt Cake (Solids)/Al-SltCk (Solid) 

ialt Cake ILiauidsYAl-SltCk (Liquid 

1.57 E 1.57 E 1.57 E 

1.8 E 1.8 E 1.8 E 

1.58 E 1.58 E 1.61 S 

1.6 E 1.6 E 1.6 E 

1.80 s 1.80 s 1.80 s 
1.78 E 1.78 E 1.78 E 

1.62 E 1.62 E 1.62 E 

1.24 E 1.24 E 1.24 E 

1.75 E 1.75 E 1.75 E 

1.19 E 1.19 E 1.19 E 

1.19 E 1.19 E 1.19 E 

1.75 E 1.75 E 1.75 E 

1.19 E 1.19 E 1.19 E 

1.a s 
1.61 S 

1.6 E 

1.8 E 

1.61 S 

1.6 E 

1.79 E 1.8 E 

1.61 S 1.61 S 

1.6 E 1.6 E 

SludeeP2 (Solid) 1.80 S 1.80 s 
1.48 S 

1.48 S 

1.48 S 

1.48 S 

1.53 S 

1.48 S 

1.48 S 

1.48 S 

1.48 S 

1.53 S 

SludgeiMW (Solid) 

Sludge/BL (Solid) 

Sludge/B (Solid) 

Salt Cake (Solids)/B-SltCk (Solid) 

Salt Cake (Liquids)/B-SltCk (Liquid: 

SupernatnnWB-SltCk (Liquid) 

Salt Cake (Solids)lB-SltCk (Solid) 

Salt Cake (Liquidsw-SltCk (Liquid: 

SludgeiMW (Solid) 

Salt Cake (Solids)/B-SltCk (Solid) 

Salt Cake (Liquids)/B-SltCk (Liquid: 

241-B-101 

241-B-101 

241-B-101 

241-B-101 

1.48 S 

241-B-101 

24 1 -B-l02 1.19 E 

1.75 E 

1.19 E 

1.19 E 

1.75 E 

1.19 E 

1.19 E 1.19 E 

1.75 S 1.75 E 

L l Y E  1.19 E 

241-B-102 

24 I-B-I 02 

1.78 E 1.78 E 1.78 E 

1.75 E i I  1.75 E 1.75 E 

1.78 E 

1.75 E 

1.19 E 

1.36 S 

1.36 S 

1.36 S 

1.19 E 

- 

1.78 E 

1.75 E 

1.19 E 

1.36 S 

1.36 S 

1.36 S 

1.19 E 

- 

241-B-I 03 

241 -B-l03 

241 -B-l03 

1.27 E Sludgd2C (Solid) 

SludgeIlC (Solid) 

Salt Cake (Solids)/B-SltCk (Solid) 

Salt Cake (Liquids)/B-SltCk (Liquid: 

Sludgd2C (Solid) 

Sludge/lC (Solid) 

Salt Cake (SolidsyB-SltCk (Solid) 

Salt Cake (Liquids)/B-SltCk (Liquid. 

Supernatant/B-SltCk (Liquid) 

241-B-104 

241-B-104 

241-B-104 

241-8-105 

24 1 -B- 105 

241-B-105 

1.41 E 1.41 E 1.36 E 

1.75 E 1.75 E 1.36 E 

1.19 E 1.19 E 1.19 E 

1.27 E 

1.41 E 

1.75 E 

1.19 E 

1.27 E 

1.41 E 

1.75 E 

1.19 E 

1 . 2 7 E  1.27 E 

1.41 E 1.41 E 

1.75 E 1.75 E 

1.19 E 1.19 E 

1.27 E 1.27 E 1.27 E 

1.41 E 1.41 E 1.41 E 

1.75 E 1.75 E 1.75 E 

1.19 E - 1.19 E 1.19 E I 1.19 E 
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Sludgd224 Post-I949(Solid) 

SupernatanV224 (Liquid) 

Sluded224Post-1949iSolid~ 

Author Date Check by Date e//.$ 2 

1.22 S 1.22 S 1.22 S 

1.06 E 1.06 E 1.06 E 

1.21 E 1.21 E 1.19 S 

Table A-I. Density ofTank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

1.22 s 

Tank 

241-B-106 

241-B-106 

24 1 -B-l07 

24 1 -B-l07 

24 1 -B-107 

24 1 -B-l07 

24 1 -B-l08 

241-B-108 

241-B-108 

241 -B-109 

24 1 -B-l09 

241-B-109 

24 1 -B-lIO 

241-B-110 

241-B-I IO 

241-B-Ill 

241-B-111 

241-B-111 

24 1 -B-l12 

241-B-112 

241-B-112 

241-B-I 12 

24 1 -B-20 1 

241-B-202 

241-B-203 

241-B-203 

241-8404 

241-8-204 

241-BX-101 

241-BX-101 

241-BX-102 

241-BX-102 

241-BX-103 

1.22 s 1.22 s 1.22 s 

IJ7cs Sr AI 
Waste phasehype density density density 

(g/mL) (g/mL) WmL) 
SludgemP (Solid) 1.36 S 1.36 S 1.36 S 

Sludge/lC (Solid) 1.42 S 1.42 S 1.42 S 

SludgdCWP2 (Solid) 1.71 E 1.71 E 1.71 S 

Sludge/lC (Solid) 1.41 E 1.41 E 1.63 S 

Salt Cake (Solids)/B-SltCk (Solid) 1.75 E 1.75 E I .70 S 

SaltCakr(Liquids)/B-SltCk(Liquid) 1.19 E 1.19 E 1.34 S 

911 

1.05 S 1.05 S 

Sludge/CW2 (Solid) 

Salt Cake(So1idsyB-SltCk(So1id) 

1.05 S 1.05 S 

SaltCake(LiquidsyB-SltCk(Liquid) 1.19 E 1.19 E 1.38 S 

SludgdCWP2 (Solid) 1.71 E 1.71 E 1.85 S 

1.00 E 1.00 E 1.00 E 

Salt Cake (Solids)/B-SltCk (Solid) 

SaltCakr(LiauidsyB-SltCk(Liauid) 

1.00 E 

Supernatant 

SludgeR2 (Solid) 

SludgeiDE 

SludgdCWP2 (solids) 

SupernatantICWP2 (Liquid) 

Sludgd2C (Solid) 1.36 E 1.36 E 1.36 E 

Supernatant 1.01 E 1.01 E 1.01 E 

1.00 E 1.00 E 0.38 E 

1.71 E 1.71 E 1.71 E 

1.1 1 E 1.1 I E 1.1 1 E 

SludgeR2 (Solid) 1.19 S 1.19 S 1.19 S 

Sludgd2C (Solid) 1.19 S 1.19 S 1.19 S 

Supernatant 1.01 E 1.01 E 1.01 E 

SludgeRC (Solid) 1.27 E 1.27 E 1.27 E 

Salt Cake (Solids)/BY-SltCk (Solid) 1.69 E 1.69 E 1.69 E 

ialt Cake (Liquids)lBY-SltCk(Liquid: 1.46 E 1.46 E 1.46 E 

Sludge/224Pre-1949 (Solid) 1.26 S 1.26 S 1.26 S 

1.71 E 1.71 E 1.71 E 1.71 E 

~~~~~ ~ 

SupematanV224 (Liquid) 

Sludrr/224Post-I949(Solid) 

1.11 E 1.11 E 1.11 S 

SludgemP (Solid) 

SludgdCWPZ (Solid) 

1.11 E 

A-4 

density NO, ~ density NO, 1 density TOC , I  phase density 

1.36 S 1.36 S 1.36 S 

1.42 S 1.42 S 1.42 S 1.42 

1.71 S 1.71 S 1.71 E 

1.63 S 1.63 S 1.41 E 1.63 

1.70 S 1.70 S 1.75 E 1.70 

1.34 S 1.34 S 1.19 E 1.34 S 

WmL) WmL) WmL) 

1.80 S 1.80 S 1.80 S 1.80 S 

1.70 S 1.70 S 1.75 E 1.70 S 

1.38 S 1.38 S 1.19 E 1.38 S 

1.85 S 1.85 S 1.85 S 1.85 S 

1.89 S 1.89 S 1.89 S 1.89 S 

1.19 E 1.19 E 1.19 E 1.19 E 

1.01 E 1.01 E 1.01 E 1.01 E 

1.36 E 1.36 E 1.36 E 1.36 E 

1.36 E 1.36 E 1.36 E 1.36 E 

1.01 E 1.01 E 1.01 E 1.01 E 

1.19 S 1.19 S 1.19 S 1.19 S 

1.19 S 1.19 S 1.19 S 1.19 S 

1.01 E 1.01 E 1.01 E 1.01 E 

1.27 E 1.27 E 1.27 E 1.27 E 

1.69 E 1.69 E 1.69 E 1.69 E 

1.46 E 1.46 E 1.46 E 1.46 E 

1.26 S 1.26 S 1.26 S 1.26 S 

1.19 S 11.19 S 11.19 S I  1.19 S 
I I I 

1.51 E l  1.51 El 1.51 E I 1.51 E 
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Author &fl & Date @ z, Check by /&? Date ':/ 
Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) x-p 

density densit) Tank density I density I density 
Chosen waste 
phase density 

WmL) 
1.51 E 

1.71 E 

Waste phasekype density 

Sludre/CWP2 (Solid) 1.71 E 

241 -BX-I 03 

241 -BX- 103 1.71 E11.71 El1 .64  S 

1.26 S 

1.68 S 

1.68 S 

1.68 S 

1.29 E 

1.69 E 

1.78 E 

1.58 E 

- 

1.28 S 

1.68 S 

1.68 S 

1.68 S 

241-BX-104 

241-BX-104 

241-BX-I 04 

241-BX-104 

241-BX-105 

241-BX-105 

24 1-BX- 105 

241-BX-105 

SupemdtnnWCWR I (Liquid) 

SludgelMW (Solid) 

SludgdCWRI (Solid) 

Sludge/CWP2 (Solid) 

SupernatnnWCWPI (Liquid) 

S ludgemP (Solid) 

S l u d g e M  (Solid) 

Sludge/CWPI (Solid) 

1.29 E 

1.69 E 

1.78 E 

1.58 E 

SludgeflBP (Solid) 1.69 E 

Sludge/CWPl (Solid) 1.69 E 

1.69 E 1.69 E 

1.69 E 1.69 E 

1.69 E 

1.69 E 

24 1 -BX-106 

241-BX-106 

241-BX-107 

241-BX-I08 

241-BX-108 

1.44 S11.44 S 1.44 S Sludge/lC (Solid) 1.44 S 

SludgdTBP (Solid) 1.51 E 

Sludge/lC (Solid) 1.41 E 

S l u d d I B P  (Solid) 1.52 S 

1.51 E 

1.41 E 

1.52 S 

1.44 S 

1.79 S 

1.79 S 

1.79 S 

1.44 S 

241-BX-109 

241-BX-1 10 

241-BX-I 10 

241-BX-1 10 

241-BX-110 

241-BX-1 I O  

241-BX-I 11 

241-BX-111 

241-BX-111 

SupernatanWBY-SltCk (Liquid) 1.46 E 

SludgdIC (Solid) 1.41 E 

Sludge/lC (Solid) 1.41 E 

Salt Cake (Solids)/BY-SltCk (Solid) 1.69 E 

;alt Cake (Liquids)/BY-SltCk (Liquid: 1.46 E 

1.46 E 1.44 S 

1.41 E 1.79 S 

1.41 E 1.41 E 

1.69 E 1.79 S 

1.46 E 1.44 S 

1.41 E 

1.79 S 

1.79 S 

1.44 S 

1.79 S 1.41 E 

1.41 E 1.79 S 

1.79 S 1.79 S 

1.44 S 1.46 E 

1.41 E 

1.45 S 

1.41 E 1.41 E 

1.45 S 1.45 S 

Sludge/lC (Solid) 1.41 E 

SludedlC (Solid) 1.31 S 

1.41 E 

1.45 S 

1.45 S 

1.18 S 

1.31 S 

1.42 E 

1.87 S 

1.46 E 

241-BX-112 

24 1 -BX-112 1.31 SI  1.31 SI  1.32 S 

1.42 E 

1.87 S 

1.46 E 

1.42 E 

1.87 S 

1.46 E 

1.42 E 

1.87 S 

1.46 E 

241-BY-I01 

24 1 -BY-I 01 

24 1 -BY-I 0 1 

241-BY-I02 

241-BY-I02 

SludgemFeCN (Solid) 1.42 E 

1.59 S 

1.46 S 

1.71 E 

1.69 S 

24 1 -BY-1 03 

24 1 -BY-1 03 

Sludge/CWPZ (Sold) 

Salt Cake (SolidsVBY-SltCk (Solid) 
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Table A-I. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) - 
"'CS 

(g/mL) 
density 

1.29 S 

Tank 1 Waste phase/type 
AI NO, NO, TOC 

density density density density 
Chosen waste 
phase density 

(+L) 
1.29 s 241-BY-103 ISdt Cake (Liauids'L/BY-SltCk (Liauid 

I I I 

1.64 S 

1.75 S 

1.46 E 

1.64 S 

1.75 S 

1.46 E 

1.64 S 

1.75 S 

1.46 E 

241-BY-IO4 SludgePFcCN (Solid) 

241-BY-IO4 Salt Cake (Solids)/BY-SltCk (Solid) 

241-BY-IO4 Salt Cake (Liquids)/BY-SltCk (Liquid 

1 .OO E 

1.79 S 

1.85 S 

1.44 S 

241-BY-105 SludgePortland Cement (Solid) 

241-BY-IO5 SludgePFeCN (Solid) 

241-BY-IO5 Salt Cake (Solids)/BY-SltCk (Solid) 

241-BY-IO5 Salt Cake (Liquids)/BY-SltCk (Liquid 

241-BY-IO6 SludgePFeCN (Solid) 

241-BY-I06 Salt Cake (Solids)lBY-SltCk (Solid) 

241-BY-I06 Salt Cake (Liquids)/BY-SltCk (Liquid 

1.00 E 

1.79 S 

1.85 S 

1.44 S 

1.68 S 

1.68 S 

1.31 S 

1.90 E 

1.79 S 

1.85 S 

1.44 S 

1.68 E 

1.68 S 

1.31 S 

1.68 S 

1.68 S 

1.31 S 

1.68 E 

1.72 S 

1.46 E 

1.53 S 

1.50 S 

1.46 E 

- 

1.68 E 

1.72 S 

1.46 E 

1.68 E 

1.69 E 

1.46 E 

- 

SludgePFeCN (Solid) 

Salt Cake (SolidsyBY-SltCk (Solid) 

Salt Cake (Liquids)/BY-SltCk (Liquid 

SludgePFeCN (Solid) 

Salt Cake (Solids)lBY-SltCk (Solid) 

Salt Cake (LiquidsVBY-SltCk (Liquid 

241-BY-I07 

241-BY-I07 

241-BY-I07 

241-BY-108 

241-BY-I 08 

241-BY-IO8 

1.78 S 

1.72 S 

1.46 S 

1.53 S 

1.50 S 

1.33 ' S 

1.71 E 

1.69 E 

1.46 E 

1.71 E 

1.69 E 

1.46 E 

2.00 s 
1.71 S 

1.50 S 

241-BY-IO9 Sludge/CWPZ (Solid) 

241-BY-109 Salt Cake (Solidspy-SltCk (Solid) 

241-BY-IO9 Salt Cake (LiquidsyBY-SltCk (Liquid 

241-BY-I I O  SludgePFeCN (Solid) 

241-BY-I I O  Salt Cake (SolidspY-SltCk (Solid) 

1.82 S 

1.54 S 

1.46 E 

1.69 E 

1.46 E 

- 

1.82 S 

1.54 S 

1.46 E 

1.69 E 

1.46 E 

- 

1.82 S 

1.54 S 

1.44 S 

1.7 S 

1.42 S 241-BY-I 11 h i l t  Cake (LiauidsVBY-SltCk (Liauid 1.42 SI  1.42 SI  1.42 SI  1.42 S 
I I I 

1.78 E 

1.69 E 

1.46 E 

1.78 E 

1.69 E 

1.46 E 

1.78 E 

1.76 S 

1.47 S 

241-BY-I 12 Sludge/MW (Solid) 

241-BY-112 Salt Cake (SolidsyBY-SltCk (Solid) 

241-BY-I 12 Salt Cake (Liquids)/BY-SltCk (Liquid 

1.51 E 

1.49 E 

1.25 E 

1.51 E 

1.78 E 

- 
1.51 E 

1.49 E 

1.25 E 

1.51 E 

1.78 E 

- 
SludgdIBP (Solid) 

SludgdCWPI (Solid) 

Sludgeml  (Solid) 

SludgdIBP (Solid) 

Sluder/MW (Solid) 

1.51 E 

1.49 E 

1.25 E 

1.51 E 

1.78 E 

241-C-101 

241-C-101 

241-C-102 

24 1 -C-1 02 

241-C-102 
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Author & Date Check b y 7 k h 7  Date $,h$/$ L_ 

Table A-1. Density ofTank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) - 
cs 

(UmL) 

137 

density 

1.74 E 

1.74 E 

1.49 E 

Sr 
density 

1.29 E 
1.71 E 

1.49 E 

P o  

( U W  

Chosen waste 
phase density 

( g / W  

1.74 E 

1.74 E 

1.49 E 

1.11 s 
1.49 S 

1.49 S 

AI 
dens$ 
( U W  - 
1.74 E 

1.74 E 

1.49 E 
1.06 E 

1.49 S 

1.49 S 

Waste phaseltype 

Sludge/CWZrl (Solid) 

Sludge/CWF'2 (Solid) 

SludedCWPI (Solidi 

SupematanUSRR (Liquid) 

Sludge/CWPI (Solid) 

SluddAR (Solid) 

1.13 E 

1.49 S 

1.49 S 

1.13 E 

1.49 S 

1.49 s 
1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

1.69 S 

SludgefI"2 (Solid) 

Sludge/OW3 (Solid) 

SludgdCWZrl (Solid) 

SludgdCWP2 (Solid) 

SludgdCWI (Solid) 

1.69 S 1.69 S 1.69 S 

1.69 S 1.69 S 1.69 S 

1.6Y S 1.69 S 1.69 S 

1.69 S 1.69 S 1.69 S 

1.69 S 1.69 S 1.69 S 

1.69 S 1.69 S 1.69 S 

1.69 S 1.69 S 

1.69 S 1.69 S 

1.69 S 1.69 S 

1.69 S 1.69 S 

1.69 S 1.69 S 

1.69 S 1.69 S 

SludgenBP (Solid) 

Sludge/CWPl (Solid) 

1.55 E 
1.55 E 

1.55 E 1.55 S 

1.55 E 1.55 S 

1.55 E 

1.55 E 

Supematant/AR (Liquid) 

Sludge/AR (Solid) 

1.13 S 

1.56 S 

1.13 S 

1.52 S 

1.13 S 1.14 S 

1.56 S 1.52 S 

1.32 S 1.32 E 

1.46 S 1.71 E 

1.46 S 1.41 E 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.41 E 1.41 E 

1.1 s 1.1 s 
1.34 S 1.34 S 

1.44 E 1.44 E 

1.44 E 1.44 E 

1.44 E 1.44 E 

1.41 E 1.41 E 

1.60 s 1.60 s 

SludgdSRR (Solid) 

Sludge/CWP2 (Solid) 

Sludee/lC ISolid) 

1.32 E 

1.71 E 

1.41 E 

1.45 S 

1.45 S 

1.45 S 

1.45 S 

1.45 S 

1.45 S 

1.41 E 

1.1 s 
1.34 S 

- 

- 

1.32 E 

1.46 S 

1.46 S 

1.45 S 

1.45 S 

1.45 S 

SludgefITeCN (Solid) 

S l u d g n P  (Solid) 

SludedlC (Solid) 

SludgcmeCN (Solid) 

Sludge/HS (Solid) 

Sludge/CWPI (Solid) 

SludgdlC (Solid) 

SupematanUlCI (Liquid) 

Sludee/lC Solid) 

1.45 S 1.45 S 1.45 S 

1.45 S 1.45 S 1.45 S 

1.45 S 1.45 S 1.45 S 

1.45 S 

1.45 S 

1.45 S 

1.41 E 

1.1 S 

1.34 S 1.34 S 11.34 SI  1.41 E 

1.44 E 

1.44 E 

1.44 E 
1.41 E 

1.60 s 
- 
- 

S l u d g O e C N  (Solid) 

SludgeHS (Solid) 

Sludge/CWPI (Solid) 

Sludge/lC (Solid) 

SludgemeCN (Solid) 

1.42 E 

1.45 E 
1.49 E 
1.41 E 

1.60 s 
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Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 
~ 

cs 117 

density 

1.60 S 

1.60 S 

1.16 E 

(g/mL) 

- 

Tank Waste phasehype 
Chosen waste 
phase density 

SludgdCWPI (Solid) 

Sludge/lC (Solid) 

SluddHS (Solid) 

241-C-112 

241-C-I 12 

241 -c-201 

1.60 s 
1.60 S 

1.50 s 
1.50 S 

I I 

1 5 0  S I1.50 S 1 1  50 S 241-C-202 1.16 E 
I I 

241-C-203 Sludee/HS (Solid) 1.16 E 1.50 E l  1.50 E l  1.50 E 1.50 E 

241-C-204 SludgdHS (Solid) 1.16 E 1.50 E11.50 El1 .50  E 1.50 E 

241-s-101 

241-s-101 

24 1 3 - 1  0 1 

24 1 3 - 1  0 1 

241-s-101 

241-S-101 

24 13-1 0 1 

241-s-101 

SludgeRl (Solid) 

SludgdCWRI (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-Sltck (Solid) 

Salt Cake (Solids)/RI-Sltck (Solid) 

Salt Cake (Liquids)/S2-SltSlr (Liquic 

Salt Cake (Liquids)/Sl-Sltck (Liquid 

Salt Cake (Liquids)Rl-Sltck (Liquid 

1.75 S 

1.75 S 

1.61 S 

1 .61  S 

1.61 s 
1.47 S 

1.47 S 

1.47 S 

1.75 S 

1.75 S 

1.61 S 

1.61 S 

1.61 S 

1.47 S 

1.47 S 

1.47 S 

1.75 E 

1.63 S 

1.63 S 

1.40 S 

1.40 S 

1.45 S 

1.75 E 

1.59 E 

1.65 E 

1.45 S 

1.45 S 

1.75 S 

1.75 S 

1.64 S 

1.37 S 

- 

- 

SludgeRl (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

salt Cake (Liquids)/S2-SltSlr (Liquid 

Salt Cake (LiquidsySl-SltCk (Liquid 

SupematanUSl saltcake (liquid) 

SludgeRI 

3alt Cake (Solids)/S2 Saitcake (solids 

Salt Cake (Solids)/Sl saltcake (solids 

alt Cake (LiquidsyS2 Saltcake (liqui 

tilt Cake (Liquids)/Sl saltcake (liqui, 

24 14-1 02 

241-s-102 

241 -s-m 
241-S-102 

241-S-102 

241-S-103 

241-S-103 

24 13-1  03 

2414-103 

2414-1 03 

241-S-103 

1.75 E 1.88 S 

1.63 S 1.63 S 

1.63 S 1.63 S 

1.40 S 1.39 S 

1.40 S 1.39 S 

1.45 S 1.45 S 

1.75 E 1.75 E 

1.59 E 1.59 E 

1.65 E 1.65 E 

1.45 S 1.45 S 

1.45 S 1.45 S 

1.75 S 1.75 S 

1.75 S 1.75 S 

1.75 S 1.75 S 

1.37 S 1.37 S 

1.75 E 1.75 E 

1.65 E 1.65 E 

1.63 E 1.63 E 

1.88 S 

1.63 S 

1.63 S 

1.39 S 

1.39 S 

1.45 S 

1.75 E 

1.59 E 

1.65 E 

1.45 S 

1.45 S 

24 13-1  04 

24 14-1  04 

241 3 - 1  04 

241-S-104 

1.75 S 

1.75 S 

1.64 E 

1.37 S 

SludgeRI (Solid) 

Sludge/CWRl (Solid) 

Salt Cake (Solids)R-SltCk (Solid) 

Salt Cake (LiquidsyR-SltCk (Liquid: 

SludgeRl (Solid) 

Salt Cake (SolidsySI-SltCk (Solid) 

Salt Cake (Liquids)/SI-SltCk (Liquid 

24 1 4 - 1  05 

2414-105 

2414-105 

1.75 E 

1.65 E 

1.63 E 

1.75 E 

1.65 E 

1.63 E 

1.74 S - 1.74 S 11.74 S Salt Cake (Solids)/Sl-SltCk (Solid) 241-S-106 1.74 S 1.74 S 1.74 S 1.74 S 
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Author & Date 6/'5/oz, Check by ,A& Date G#$k- 
Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

Tank 

24 1 -S- 106 

24 1 -s-I 07 
2413-107 

241 4 - 1  07 

241 -s-107 

24 I -s-i 07 
24 I-s- 107 

241-5-107 

241-5-107 

24 14-1 07 

24 1 &I07 

2414-107 

24 1 4 - 1  08 

241-S-108 

24 1 +lo8 

241-S-109 

2414-109 

24 14- 1  09 

24 14- 1  10 

2414-1 10 

241-s-1 i n  

24 14-1 10 

241-s-111 

241-s-111 

241-S-I I I 
241-s-111 

241-s-lll 

2414-1 12 

241-s-112 

2414-112 

241-sx-101 

241-sx-in1 

241-sx-101 

Waste phasdtype 

alt Cake (Liquids)/Sl-SltCk (Liquid 

Supernatant 

SludgdRI (Solid) 

SludgdCWZrl (Solid) 

Sludge/CWR2 (Solid) 

SludgdCWRI (Solid) 

Salt Cake (SoIids)mZ-SltCk (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

alt Cake (Liquids)RZ-SltCk (Liquid 

alt Cake (Liquids)/SZ-SltSlr (Liquid 

alt Cake (Liquids)/SI-SltCk (Liquid 

SludgeRl (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

alt Cake (LiquidsySI-SltCk (Liquid 

SludgeRl (Solid) 

Salt Cake (Solids)/SI S I E k  (Solid) 

alt Cake (Liquids)/Sl-SltCk (Liquid 

SludgeRl (Solid) 

Sludge/CWRl (Solid) 

Salt C&e (Solids)/Sl-Sltck (Solid) 

:alt Cake (Liquids)/Sl-Sltck (Liquid 

SupematanUSI-SltCk (Liquid) 

SludgeRl (Solid) 

Sludge/CWRI (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

alt Cake (LiquidsySl-SltCk (Liquid 

SludgeRI (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

alt Cake (Liquids)/Sl-SllCk (Liquid 

SludgeRl (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

1.75 S 1.75 S 1.75 S 1.75 S 

1.75 S 1.75 S 1.75 S 1.75 S 

1.65 S 1.65 S 1.65 S 1.65 S 

1.67 S 1.75 E 1.67 S 1.67 S 

1.67 S 1.62 E 1.67 S 1.67 S 

1.54 S 1.54 S 1.54 S 1.54 S 

1.45 S 1.45 S 1.45 S 1.45 S 

1.75 E 1.75 E 1.75 E 1.75 E 
1.65 E 1.65 E 1.65 E 1.65 E 
1.63 E 1.63 E 1.63 E 1.63 E 
1.69 S 1.75 E 1.69 S 1.69 S 

1.69 S 1.91 S 1.69 S 1.69 S 

1.69 S 1.91 S 1.69 S 1.69 S 

A-9 

NO, 
density 
WmL) 
1.43 S 

1.31 S 

1.80 s 
1.80 s 
1.80 s 
1.80 s 
1.57 S 

1.57 S 

1.57 S 

1.31 S 

1.31 S 

1.31 S 

1.75 E 

1.6s E 
1.63 E 

- 
- 

- 

1.75 E 

1.66 S 

1.49 S 

1.75 S 

1.75 S 

1.65 S 

1.43 S 

1.45 S 

1.67 S 

1.67 S 

1.54 S 

1.45 S 

- 

1.75 E 
1.65 E 

1.63 E 
1.69 S 

1.69 S 

1.69 S 

- 

TOC Chosen wastt 
density phase densit) 
( d W  WmL) 
1.43 S 1.43 S 

1.31 S 1.31 S 

1.80 S 1.80 S 

i.xn s 1.80 s 
1.80 s 1.80 s 
1.80 s 1.80 s 
1.57 s 1.57 s 
1.57 S 1.57 S 

1.57 S 1.57 S 

1.31 S 1.31 S 

1.31 S 1.31 S 

1.31 S 1.31 S 

1.75 E 1.75 E 

1.65 E 1.65 E 
1.63 E 1.63 E 
1.75 E 1.75 E 
1.66 S 1.66 S 

1.49 S 1.49 S 

1.65 S 

1.45 S 

1.69 S 
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Tank 

241-sx-I01 

24 1 -sx-I 0 1 

241-sx-101 

241-sx-102 

241-sx-102 

241-sx-in2 

241-SX-102 

24 1 -sx-I 02 

241-sx-103 

24 1 -SX-103 

24 1 -SX-I 03 

24 1 -sx-I 03 

241-sx-103 

241-sx-I04 

241 -sx-I 04 

241-sx-104 

24 I-sx-104 

24 1 -sx-I 04 

241-sx-105 

241 -sx-I 05 

241 -sx- 105 

24 1 -SX-I 06 

241-SX-106 

241-SX-106 

241-SX-106 

241-sx-107 

241-SX-107 

24 1 -sx-107 

24 1 -SX-I 08 

241-sx-109 

241-SX-I 09 

241-sx-110 

'"CS 'OSr AI 
Waste phase/type density density density 

(g/mL) (g/mL) WmL) 
Salt Cake (Solidsp-SltCk (Solid) 1.69 S 1.91 S 1.69 S 

Salt Cake (Liquids)/S2-SltSlr (Liquid) 1.48 S 1.48 S 1.48 S 

Salt C a k ~  (Liquids)/Sl-SltCk (Liquid) 1.48 S 1.48 S 1.48 S 

Salt Cake (LiquidsKR-SltCk (Liquid) 1.48 S 1.48 S 1.48 S 

SludgeRI (Solid) 1.68 S 1.68 S 1.72 S 

Salt Cake(Solids)/S2-SltSlr(Solid) 1.68 S 1.68 S 1.72 S 

SaltCake(Solids)/Sl-SltCk(Solid) 1.68 S 1.68 S 1.72 S 

Salt Cake (Liquids)/S2-SltSlr (Liquid) 1.46 S I .46 S I .46 S 

Salt Cake (LiquidsySI-SltCk (Liquid) 1.46 S 1.46 S 1.46 S 

SludgelRl (Solid) 1.88 S 1.88 S 1.88 S 

Salt Cake (Solids)/S2-SltSlr (Solid) 1.72 S 1.72 S 1.72 S 

Salt Cake (Solids)/SI-SltCk (Solid) 1.88 S 1.88 S 1.88 S 

Salt Cake (Liquids)/S2-SltSlr (Liquid) 1.48 E 1.48 E 1.48 S 

SaltCake(Liquids)/Sl-SltCk (Liquid) 1.48 E 1.48 E 1.48 S 

SludgeRI (Solid) 1.75 E 1.75 E 1.75 E 

SaltCake(Solids)/SI-SltCk(Solid) 1.65 E 1.65 E 1.65 E 

Salt Cake (Solids)R-SltCk (Solid) 1.72 E 1.72 E 1.72 E 

Salt Cake (Liquids)/SI-SltCk (Liquid) 1.47 S 1.47 S 1.47 S 

Salt Cake (Liquidsp-SltCk (Liquid) 1.47 S 1.47 S 1.47 S 

Sludge/RI (Solid) 1.75 E 1.75 E 1.67 S 

Salt Cake (Solids)/Sl-SltCk(Solid) 1.65 E 1.65 E 1.64 S 

Salt Cake (Liquids)/Sl-SltCk (Liquid) 1.47 S 1.47 S 1.47 S 

Salt Cake(Solids)/S2-SltSlr (Solid) 1.59 E 1.59 E 1.61 S 

Salt Cake (Solids)/Sl-SltCk (Solid) 1.65 E 1.65 E 1.61 S 

Salt Cake (Liquids)/S2-SltSlr (Liquid) 1.42 S 1.42 S 1.29 S 

Salt Cake (Liquids)/SI-SltCk (Liquid) 1.42 S 1.42 S 1.29 S 

SludgeR1 (Solid) 1.75 E 1.75 E 1.75 E 

Salt Cake (So1ids)R-SltCk(Solid) 1.72 E 1.72 E 1.72 E 

Salt Cake(Liquids)/R-SltCk(Liquid) 1.45 E 1.45 E 1.45 E 

SludeeRl (Solid) 1.75 S 1.75 S 1.75 S 

SludgdRI (Solid) 

Salt Cake (Solids)/R-SltCk (Solid) 

SludgeRI (Solid) 1.75 E 1.75 E 1.75 E 

A-IO 

NO2 
density 
WmL) 
1.69 s 
1.48 S 

1.48 S 

1.48 S 

- 

1.72 S 

1.72 S 

1.72 S 

1.46 S 

1.46 S 

1.88 S 

1.72 S 

1.88 S 

1.48 S 

1.48 S 

1.75 E 

1.65 E 

1.72 E 

1.47 S 

1.47 s 
1.67 S 

1.64 S 

1.47 S 

- 

- 

- 

1.61 S 

1.61 S 

1.29 S 

1.29 S 

1.75 E 

1.72 E 

1.45 E 

1.75 S 

1.75 E 

1.72 E 

1.75 E 

Chosen waste 
phase density 

(g/mL) 
1.69 S 

1.48 S 

1.48 S 

1.48 S 

1.72 S 1.68 S 1.72 S 

1.72 S 1.68 S 1.72 S 

1.72 S 1.68 S 1.72 S 

1.46 S 1.46 S 1.46 S 

1.64 S 1.64 S 

1.47 S 1.47 S 

1.61 S 1.61 S 

1.61 S 1.61 S 

1.29 S 1.29 S 

1.29 S 1.29 S 

1.75 E 1.75 E 

1.72 E 1.72 E 

1.45 E 1.45 E 

1.75 I S 1.75 S 

1.64 S 

1.47 S 

1.61 S 

1.61 S 

1.29 S 

1.29 S 

1.75 E 

1.72 E 

1.45 E 

1.75 s 
1.75 El1.75 E!  ;:;; ," 
1.72 E 1.72 E 

1.75 E 1.75 E 1.75 E 
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lensity density 

.72 E 1 7 2  E 

.75 E 1 7 5  E 

.72 E 1.72 E $- 45 E 1.45 E 

:g/mL) WmL) 

- 
NO, 

density 
WmL) 
1.72 E 

1.75 E 

1.72 E 

1.45 E 

- 

Tank Waste phasdtype 
Al 

density 
WmL) - 
1.72 E 

1.75 E 

1.72 E 

1.45 E 

- 

Chosen waste 
phase density 

(g/mL) 

1.72 E 241-sx-110 Salt Cake (Solids)R-SltCk (Solid) 1.72 E 1.72 E + 1.75 E 1.75 E 1.75 E 

1.72 E 

1.45 E 

SludgeRl (Solid) 

Salt Cake (Solids)/R-SltCk (Solid) 

,alt Cake (Liquids)/R-SltCk (Liquid) 

SludgeNI (Solid) 

Salt Cake (So1ids)R-SltCk (Solid) 

,all Cake (Liquids)/R-SltCk (Liquid) 

241-sx-111 

241-sx-111 

241-sx-111 

24 1 -SX- 1 12 

24 1 -SX-l12 

241-sx-112 

1.72 E 1.72 E 

1.45 E 1.45 E 

1.75 E 1.75 E 

1.72 E 1.72 E t 1.45 E 1.45 E 

1.75 E 

1.72 E 

1.45 E 

1.75 E 

1.72 E 

1.45 E 

1.75 E 

1.00 E 

1.75 E 

1.72 E 

1.45 E 

- 

- 

1.75 E 

1.72 E 

1.45 E 

1.06 E 

1.06 E 

1.75 E 

1.72 E 

1.45 E 

.75 E 1.75 E 

.72 E 1.72 E 

,.45 E 1.45 E 

1.75 E 1.75 E 

1.00 E 1.00 E 

1.75 E 1.75 E 

1.72 E 1.72 E 

1.45 E 1.45 E 

1.75 E 1.75 S 

1.62 E 1.62 E 

1.67 E 1.67 E 

1.47 E 1.47 E 

1.14 E 1.14 E 

1.78 E 1.78 E 

1.79 S 1.79 S 

1.00 E 0.00 E 

1.20 E 1.20 E 

1.13 E 1.13 E 

1.78 E 1.78 E 

1.62 E 1.62 E 

1.71 E 1.71 E 

1.29 S 1.29 E 

1.32 S 1.32 E 

1.32 S 1.32 E 

1.51 S 1.27 E 

1.32 S 1.32 E 

1.62 E 1.62 E 

1.41 E 1.41 E 

1.46 S 1.56 E 

I 
241-sx-113 

241-SX-113 

SludgeN1 (Solid) 

Sludge/DE (Solid) 

1.75 E 1 7 5  E I 1.75 E 

1.06 E 

1.75 E 

1.72 E 

1.45 E 

- 
SludgeN1 (Solid) 

Salt Cake (Solids)R-SltCk (Solid) 

: d t  Cake (Liquidsw-SltCk (Liquid) 

SludeeRl (Solid) 

24 1 -SX-I 14 

24 1 -SX-114 

241-SX-114 

241-sx-115 

241-T-101 

241-T-101 

241-T-101 

1.75 S 1.75 S 1.75 E 

SludgeiCWR2 

Salt Cake (Solids)TT2-SltCk (solids) 

alt Cake (LiquidsW-SltCk (liquid 

1.62 E 

1.67 E 

1.47 E 

1.62 E 

1.67 E 

1.47 E 

1.14 E 

1.78 E 

1.79 s 
3.00 E 

1.20 E 

1.13 E 

1.78 E 

1.62 E 

1.71 E 

1.29 S 

1.32 S 

1.32 S 

1.51 S 

1.32 S 

__. 

- 

- 
- 

1.62 E 

1.67 E 

1.47 E 

1.14 E 

1.78 E 

1.79 S 

1.62 E 1.62 E 

1.67 E 1.67 E 

1.47 E 1.47 E 

241 -T-l02 

241 -T- 102 

241-T-102 

1.20 E 

1.78 E 

1.79 S 

0.00 E 

1.20 E 

1.13 E 

1.78 E 

1.62 E 

1.71 E 

- 

SupernatanVCSR (Liquid) 

Sludge/MW (Solid) 

SludgdCWP2 (Solid) 

Total 

SupernatanUCSR (Liquid) 

SupernatantAL (Liquid) 

Sludge/MW (Solid) 

Sludge/CWRI (Solid) 

SludgdCWPZ (Solid) 

Sludge/lC (Solid) 

241-T-103 

241-T-103 

241-T-103 

24 1 -T-l03 

24 1 -T-103 

241-T-103 

1.62 E 

1.20 E 

1.13 E 

1.78 E 

1.62 E 

1.71 E 

1.29 s 
1.32 S 

1.32 S 

1.51 S 

1.32 S 

241-T-I 04 1.29 S 1.29 S 

1.32 S 1.32 S 

1.32 S 1.32 S 

1.27 E 1.27 E t 1.32 S 1.32 S 

1.29 S 

1.32 S 

1.32 S 

1.51 S 

1.32 S 

- 
SludgeNI (Solid) 

Sludge/CWRl (Solid) 

Sludgd2C (Solid) 

Sludee/lC (Solid) 

24 1 -T- 105 

24 1 -T-l05 

24 1 -T-l05 

241-T-105 

241-T-106 

241-T-106 

SludgdCWRI (Solid) 

Sludge/lC (Solid) 

1.62 E 1.62 E 

1.41 E 1.41 E 

1.62 E 

1.41 E 

1.62 E 

1.41 E 

1.46 S 
- 
- 

1.62 E 

1.41 E 

1.46 S 241 -T-l07 Sludge/TF3P (Solid) 1.56 SI  1.56 E 

A-1 1 

1.56 S - 
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TOC I Chosen waste 
density phase density Tank 

24 1 -T-l07 

241-T-I07 

Waste phasdtype 

Sludge/CWPZ (Solid) 

SludedlC (Solidi 1.56 S I 1.46 S 

241-T-108 

241-T-108 

24 1 -T-l08 

SludgdlC (Solid) 

Salt Cake (Solids)/Tl-SltCk (Solid) 

lalt Cake (Liquids)/Tl-SltCk (Liquid 

241-T-109 

241-T-109 

Salt Cake (Solids)/Tl-SltCk (Solid) 

;alt Cake (Liquids)/Tl-SltCk (Liquid 

1.55 E 

1.18 E 

SupernatanVZCl (Liquid) 

Sludgd2C (Solid) 

Sludge/224 Post-I 949 (Solid) 

Sludgd2C (Solid) 

Sludeel224 Post-I949 (Solidi 

241-T-I 10 

241-T-110 

241-T-110 

241-T-111 

241-T-111 

24 1 -T-l12 

241-T-112 

241-T-112 

SupematanU2C2 (Liquid) 

Sludgd2C (Solid) 

Sludge/224 Post-I 949 (Solid) 

1.10 E 1.10 S 

1 . 2 7 E  1.28 S 

1.21 E l  ;:2; 

1.06 E Supernatantl224 (Liquid) 

Sludgd224 Pre-1949 (Solid) 

Sludee/224 Post-I949 ISolidi 

241-T-201 

241 -T-201 

241-T-202 

241-T-203 

1.20 S I  1.31 S 

1.24 S I  1.24 S 
I I I I 

~~~ 

Sludee/224 Post-1949 (Solid) 1.23 SI  1.23 S 11.23 S 11.22 S 11.22 S 1.23 S I 1.22 S 
I I I I 

241-T-204 Sludee/224 Post-I949 ISolidi 1.21 s I 1.21 s 11.21 s I 1.21 s 11.21 s 
I 1 I I 

24 1 -TX-I 0 1 

241-Tx-101 

241 -Tx-I 0 1 

24 1 -TX-1 0 1 

241-TX-101 

SIudgdZ 

SludgeRI 

SludgdMW 

Salt Cake (Solids)/”DSltCk (solids) 

Salt Cake (Liquids)fT2-SltCk (liquid 

1.72 E 1.72 E 1.72 E 1.72 E 1.72 E 

1.75 E 1.75 E 1.75 E 1.75 E 1.75 E 

1.78 E 1.78 E 1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 1.47 E 1.47 E 

1.78 E 1.78 E 1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 1.47 E 1.47 E 

1.67 E 1.67 E 1.67 E 1.67 E 1.67 E 

1.55 E 1.55 E 1.55 E 1.55 E 1.55 E 

1.47 E 1.47 E 1.47 E 1.47 E 1.47 E 

1.78 E 

24 1 -TX-I 02 

24 1 -TX-I 02 

241-TX-102 

Sludge/MW 

Salt Cake (Solidsp2-SltCk (solids) 

Salt Cake fLiauidslrT2-SltCk iliauid 

1.67 E 1.67 E 

1.47 E 1.47 E 

;all Cake (Solids)/T2 Saltcake (solids 

Salt Cake (Solids)/Tl-SltCk (solids) 

Salt Cake (LiquidsyT2-SltCk (liquid 

Salt Cake (Liquids)rTI-SltCk (liquid 

Supernatanfl2-SltCk (Liquid) 

241-TX-103 

24 1 -=-I 03 

24 1 -TX-I 03 

24 1 -TX-I 03 

241-TX-104 

1.47 E 

1.18 E 1.18 E 1.18 E 1.18 E 1.18 E 

1.47 E 1.47 E 1.44 S 1.44 S 1.44 S 

A-I2 
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"A 

density 

1.89 S 

1.62 S 

1.44 S 

WmL) 
Tank Waste phaseltype 

13TCs Sr AI 
density density density 
(g/mL) WmL) WmL) 

90 

1.75 E 1.75 E 1.89 S 

1.67 E 1.67 E 1.62 S 

1.47 E 1.47 E 1.44 S 

1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 

1.75 E 1.75 E 1.75 E 

1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 

241-TX-I04 

24 1 -TX-I 04 

24 1 -TX-I 04 

SludgeRl (Solid) 

Salt Cake (Solids)/TZ-SltCk (Solid) 

Salt Cake (Liquids)/TZ-SltCk (Liquid 

241-TX-I05 

241-TX-105 

241-TX-105 

241-TX-I06 

241 -TX-106 

241 -=-I 06 

241 -=-I 06 

Sludge/MW (Solid) 

Salt Cake (Solids)mZ-SltCI; (Solid) 

salt Cake (Liquids)TTZ-SltCk (Liquid 

SludgeiRI (Solid) 

Sludge/MW (Solid) 

Salt Cake (Sol idsp-Sl tCk (Solid) 

Salt Cake (LiquidsVTZ-SltCk (Liquid 

1.78 E 

1.67 E 

1.47 E 

1.75 E 

1.78 E 

1.67 E 

1.47 E 

1.67 E 

1.72 E 

1.47 E 

1.45 E 

1.51 E 

1.78 E 

1.67 E 

1.47 E 

- 

1.78 E 

1.67 E 

1.47 E 

1.75 E 

1.78 E 

1.67 E 

1.47 E 

1.78 E 1.78 E 

1.67 E 1.67 E 

1.47 E 1.47 E 

1.75 E 1.75 E 

1.78 E 1.78 E 

1.67 E 1.67 E 

1.47 E 1.47 E 

Salt Cake (SolidsyTZ-SltCk (Solid) 

Salt Cake (So1ids)R-SltCk (Solid) 

Salt Cake (Liquids)mZ-SltCk (Liquid 

1.67 E 

1.72 E 

1.47 E 

241-TX-I07 

241 -TX-l07 

241 -TX-l07 

24 1 -TX-I 07 

241-TX-108 

24 1 -TX-I 08 

241 -TX-l08 

241-TX-108 

1.67 E 1.67 E 

1.72 E 1.72 E 

1.47 E 1.47 E 

1.67 E 1.67 E 1.67 E 

1.72 E 1.72 E 1.72 E 

1.47 E 1.47 E 1.47 E 

1.45 E 1.45 E 1.45 E 

1.51 E 1.51 E 1.51 E 

1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 

1.41 E 1.41 E 1.41 E 

1.41 E 1.41 E 1.41 E 

1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 

Salt Cake (Liquids)R-SltCk (Liquid: 

SludgemP (Solid) 

Sludge/MW (Solid) 

Salt Cake (Solids)/T2-SltCk (Solid) 

Salt Cake iLiquids)/T2-SltCk (Liquid 

1.78 E 1.78 E 1.78 E 

1.67 E 1.67 E 1.67 E 

1.47 E 1.47 E 1.47 E 
I I 

24 I -TX-I 09 SludedlC (Solid) 1.41 E I 1.41 E I1.41 E 1.41 E 

241-TX-110 

241-TX-110 

241-TX-1 IO 

SludgdlC (Solid) 

Salt Cake (Solids)/TZ-SltCk (Solid) 

salt Cake (Liquids)fT2-SltCk (Liquid 

1.41 E 

1.67 E 

1.47 E 

1.41 E 

1.67 E 

1.47 E 

1.41 E 1.41 E 

1.67 E 1.67 E 

1.47 E 1.47 E 

1.41 E 

1.67 E 

1.47 E 

1.67 E 

1.55 E 

1.47 E 

1.18 E 

- 

SludgdIC (Solid) 

Salt Cake (Solids)m2-SltCk (Solid) 

salt Cake (Liquidsp2-SltCk (Liquid 

Salt Cake (Solids)/TZ-SltCk (Solid) 

Salt Cake (Solids)/TI-SltCk (Solid) 

Salt Cake (Liquids)/TZ-SltCk (Liquid 

ialt Cake (Liquids)/Tl-SltCk (Liquid 

241-TX-111 

241-TX-111 

241-TX-111 

241-TX-112 

241-TX-112 

24 1 -=-I 12 

241-TX-112 

1.55 E1,.55 E 1 1.55 ; 
1.47 E 1.47 E 1.47 

1.18 E 1.18 E 1.18 

1.41 E 1.41 E 1.41 

1.67 S 1.67 S 1.67 

1.47 E 1.47 E 1.47 E 

1.41 E 1.41 E 1.41 E 

1.41 E 

1.67 S 

1.47 E 

1.41 E 
- 

SludgdlC (Solid) 

Salt Cake (SolidsyT2-SltCk (Solid) 

ialt Cake (LiquidsyT2-SltCk (Liquid 

S l u d d l C  (Solid) 

241-TX-113 

241-TX-113 

241-TX-1 I3  

241-TX-114 

A-13 
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Author &bd&+ Date & Check b y A A  Date qg2- 
Table A-1. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

incs Sr 90 

Tank Waste phnse/type density density 

241-TX-114 Salt Cake (Solids)/TZ-SltCk (Solid) 1.67 E 1.67 E 
241-TX-114 Salt Cake(Solids)iTl-SltCk (Solid) 1.55 E 1.55 E 

241-TX-I14 Salt Cake(Liquids)/T2-SltCk (Liquid) 1.47 E 1.47 E 
241-TX-114 SaltCake(Liquids)/TI-SltCk(Liquid) 1.18 E 1.18 E 

241-TX-115 Sludgr/Tl3P (Solid) 1.51 E 1.51 E 

241-TX-115 Salt Cake (Solids)~Z-SltCI,(Solid) 1.67 E 1.67 E 
241-TX-115 Salt Cake (Liquidsp2-SltCk (Liquid) 1.47 E 1.47 E 
241-TX-116 SludgeDE (Solid) 1.47 E 1.47 E 
241-TX-116 Salt Cake (Solids)/TZ-SltCk (Solid) 1.67 E 1.67 E 

241-TX-116 SaltCake(Solids)/Tl-SltCk(Solid) 1.55 E 1.55 E 
241-TX-116 SaltCake(Liquids)/Tl-SltCk(Liquid) 1.18 E 1.18 E 

WmL) WmL) 

241-TX-I 17 SludgdDE (Solid) 1.00 E 1.00 E 
241-TX-117 Salt Cake (Solidsp2-SltCk (Solid) 1.67 I? 1.67 E 
241-TX-117 Salt Cake(Solidsp1-SltCk (Solid) 1.55 E 1.55 E 
241-TX-117 Salt Cake(Liquidspl-SltCk(Liquid) 1.18 E 1.18 E 

241-TX-II8 Salt Cake (Solids)/TZ-SltCk(Solid) 1.79 S 1.79 S 

241-TX-118 Salt Cake (Solids) 1.57 S 1.57 S 

241-TX-118 Salt Cake (Liquids)/TZ-SltCk (Liquid) 1.47 E 1.47 E 
241-TY-101 Sludge/lCFeCN (Solid) 1.64 E 1.64 I: 

241-TY-101 Salt Cake(Solidsp1-SltCk (Solid) 1.64 E 1.64 E 

241-TY-101 Salt Cake (Liquids)/Tl-SltCk(Liquid) 1.18 E 1.18 E 

241-TY-102 Salt Cake (Solids)/TZ-SltCk (Solid) 1.88 S 1.88 S 

241-TY-102 Salt Cake (Solids)/Tl-SltCk (Solid) 1.88 S 1.88 S 

241-TY-102 Salt Cake (Liquidsp2-SllCk (Liquid) 1.47 E 1.47 E 
241-TY-102 Salt Cake(Liquidsp1-SltCk (Liquid) 1.18 E 1.18 E 

241-TY-103 SludgefBP (Solid) 1.70 E 1.70 E 

24 1 -TY-103 SludgdICFeCN (Solid) 1.70 E 1.70 E 

241-TY-103 Salt Cake (Solidsp2-SltCk (Solid) 1.70 E 1.70 E 
241-TY-103 Salt Cake (Liquids)/TZ-SltCk (Liquid) 1.47 E 1.47 E 

241-TY-104 SupematanUDW (Liquid) 1.18 E 1.18 E 
241 -TY-l04 Sludge/I'EiP (Solid) 1.69 E 1.69 E 
241-TY-104 SludedlCFeCN ISolid) 1.69 E 1.69 E 

I 241-TY-105 I SludeeKBP (Solid) I 1.53 SI 1.53 S 

A-14 

T density density densitj 

1.55 E 

1.47 E 

1.18 E 

1.55 E 
1.47 E 
1.18 E 

1.55 E 

1.47 E 

1.18 E 

1.64 E 

1.64 E 
1.18 E 

1.88 s 
1.88 s 
1.47 E 

1.70 E 1.70 E 1.70 E 
1.70 E 1.70 E 1.70 E 

1.47 E 1.47 E 1.47 E 

TOC 1 Chosenwaste 
density phase density 

1.51 E 1.51 

1.67 E 1.67 

1.47 E 1.47 

1.55 E 1.55 

1.18 E 1.18 E 

1.64 E 1.64 E 

1.64 E 1.64 E 

1.18 E 1.18 E 
1.88 S 1.88 S 

1.88 S 1.88 S 

1.47 E 1.47 E 



RPP-5926 REV 2 

Author W f & D a t e  Check by ,&b D a t e h h c '  

Table A-I. Density of Tank Waste Layers for 177 Tanks from BBI Detail Report (7-40~. 2001). (16 Sheets) 

density density 

1.37 E 1.37 E I 1.37 E 1.37 E 

(ClmL) WmL) 

I 
Waste phasdtype 

AI 
density 
(UmL) - 
1.37 E 

1.37 E 

NO, 
density 
WmL) 
1.37 E 

1.37 E 

1.75 E 
- 

I Tank 

SludgemP (Solid) 

Sludae/DE (Solid) 

241 -TY-I 06 

24 1 -TY-I 06 

241-U-102 

24 1 -U-l02 

24 1 -U-l02 

24 1 -U-l03 

241-U-103 

24 1 -u- 103 

241-u-103 

1.37 E 

Slud@dRI (Solid) 1.75 El 1.75 E 1.75 E 1.75 E 

SludgeRI (Solid) 

Salt Cake (So1ids)fDSltCk (Solid) 

Salt Cake (Soiids)/S2-SltSlr (Solid) 

1.75 E 

1.68 s 
1.68 s 
1.48 S 

1.44 S 

1.90 S 

1.72 S 

1.72 S 

1.44 S 

- 

1.75 E 

1.68 S 

1.68 S 

1.48 S 

1.44 S 

1.90 S 

1.72 S 

1.72 S 

1.44 S 

- 

1.75 E 

1.68 s 
1.68 s 
1.48 S 

1.75 E 1.75 E 

1.68 s 1.6R s 
1.68 S 1.68 S 

1.48 S 1.48 S + 1.44 S 1.44 S 1.44 S 

1.90 s 
1.72 S 

1.72 S 

1.44 S 

SludgeRl (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (SolidsySI-SltCk (Solid) 

alt Cake (LiquidsySl-SitCk (Liquid 

1.75 E 1.75 E 

1.59 E 1.59 E 

1.65 E 1.65 E 

1.44 S 1.44 S 

1.75 E I 7 5  E I 1.75 E 

0.38 E 

1.70 S 

1.70 S 

- 

1.70 s 
1.46 S 

1.46 S 

1.75 E 

1.23 E 

1.70 s 
1.70 S 

1.70 S 

1.46 S 

1.46 S 

- 
1.75 E 

1.23 E 

1.75 E 1.75 E 

1.23 E 1.23 E 

24 1 -u-104 

241-u-104 

241-u-105 

24 1 -U-l05 

24 1 -u- 105 

24 1 -U-l05 

24 1 -u- 105 

241 -U-l06 

241 -U-l06 

241 -U-l06 

241-U-107 

241-u-107 

241-u-107 

24 1 -u- 107 

241-u-107 

241 -GI07 

SludgeRI Sludge (solids) 

SludgeDE (solids) 

Sludge/CWRl (Solid) 

Salt Cake (Solids)/T2-SltCk (Solid) 

Salt Cake (SolidsyS2-SltSlr (Solid) 

alt Cake (Liquids)TT2-SltCk (Liquid 

alt Cake (LiauidsVS2-SltSlr (Liouid 

1.23 E 1.23 E + 1.70 s 1.62 E 1.70 s 
1.70 S 

1.70 S 

1.46 S 

1.46 S 

1.70 S 1.67 E 

1.70 S 1.59 E 

1.46 S 1.46 S 

1.46 S 1.46 S 

1.34 S 1.34 S 

1.62 S 1.61 S 

1.34 S 1.34 S 

1.39 S 1.39 S 

1.62 E 1.62 E 

1.77 S 1.77 S 

1.77 S 1.77 S 

1.39 S 1.39 S 

1.39 S 1.39 S 

1.39 S 1.39 S 

Supematant/Sl-SltCk (Liquid) 

Salt Cake (SolidsySI-SltCk (Solid) 

alt Cake (Liquids)/SI-SltCk (Liquid 

1.34 S 

1.62 S 

1.34 S 

1.34 S 

1.62 s 
1.34 S 

1.34 S 

1.62 S 

1.34 s 
SupematanUS2-SltSlr (Liquid) 

Sludge/CWRl (Solid) 

Salt Cake (Solids)/TZ-SltCk (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

alt Cake (LiquidsyTZSltCk (Liquid 

alt Cake (LiquidsyS2-SltSlr (Liquid 

1.39 S 

1.62 E 

1.77 S 

1.77 S 

1.39 S 

1.39 S 

1.40 S 

1.66 E 

1.73 S 

1.73 S 

1.40 S 

- 

1.39 s 
1.62 E 

1.77 S 

1.77 S 

1.39 S 

1.39 S 

1.39 S 

1.62 E 

1.77 S 

1.77 S 

1.39 S 

1.39 s 

1.39 S 1.39 S 

1.62 E 1.62 E 

1.77 S 1.77 S 

1.77 S 1.77 S 

1.39 S 1.39 S 

1.39 S 1.39 S 

1.40 S 

1.66 E 

1.73 S 

1.73 S 

1.40 S 

1.40 s 
1.66 E 

1.73 S 

1.73 S 

1.40 S 

Supematant/S2-SltSlr (Liquid) 

Sludge/CWRZ (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

all Cake (Liquids)/S2-SltSlr (Liquid 

241-U-108 

241-u-108 

24 1 -u-l 08 

241-u-108 

241-u-108 

1.66 E 

1.73 S 

1.73 S 

1.66 E 

1.73 S 

1.73 S 

1.39 S 1.39 S I 

A-15 
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Waste phasdtype 

SaltCake(LiquidsySl-SltCk(Liquid) 

SludgeKWRI (Solid) 

Salt Cake (Solids)/S2-SltSlr (Solid) 

Salt Cake (Solids)/Sl-SltCk (Solid) 

Salt Cake (LiquidsVSI-SltCk (Liquid) 

Table A-I. Density ofTank Waste Layers for 177 Tanks from BBI Detail Report (Nov. 2001). (16 Sheets) 

cs 90 Sr AI 
density density density 
(g/mL) (g/mL) (a/mL) 
1.39 S 1.39 S 1.40 S 

1.71 S 1.71 S 1.71 S 

1.67 S 1.67 S 1 .67 S 

1.67 S 1.67 S 1.67 S 

1.47 S 1.47 S 1.47 S 

137 

Tank 

241-u-108 

241-U-109 

241-U-109 

241-U-109 

241-U-109 

241 -u-l I O  

241-U-110 

241-U-I 10 

241-u-I 1 1 

241-u-Ill 

241-U-Ill 

241-U-111 

241-U-Ill 

241-U-Ill 

241-U-112 

241-U-112 

SludgeRI (Solid) 1.75 S 1.75 S 1.75 S 

Sludge/CWRI (Solid) 1.62 s 1.62 s 1.62 s 
Sludge/lC (Solid) 1.41 S 1.41 E 1.41 S 

SludgelRl (Solid) 1.75 E 1.75 E 1.75 E 

Sludge/lC (Solid) 1.41 E 1.41 E 1.41 E 

Salt Cake (Solids)/S2-SltSlr(Solid) 1.59 E 1.59 E 1.59 E 

SaltCake(Solids)/Sl-SltCk(Solid) 1.65 E 1.65 E 1.65 E 

Salt Cake (Liquids)/S2-SltSlr (Liquid) 1.40 S 1.40 S 1.40 S 

SaltCakr(Liquids)/Sl-SltCk(Liquid) 1.40 S 1.40 S 1.40 S 

SludgeRI (Solid) 1.75 E 1.75 E 1.86 S 

Sludge/CWRI (Solid) 1.62 E 1.62 E 1.86 S 

241-U-112 SludgdlC (Solid) 1.41 E 1.41 E 1.41 E 

241-U-201 SupemdtanVCWRl (Liquid) 

241 -U-203 SupematanUCWRI (Liquid) 

241-U-203 SludgdCWRI (Solid) 

1.22 E 1.22 E 1.22 E 

241-U-204 I SupematanVCWRl (Liquid) 1.22 E 1.22 E 1.22 E I l l  

241-u-201 

241-U-202 

241-U-202 

Sludge(Solids)/CWRl (Solid) 1.62 E 1.62 E 1.62 E 

SupematanVCWRI (Liquid) 1.22 E 1.22 E 1.22 E 

SludedCWRI (Solid) 1.62 E 1.62 E 1.62 E 

NO1 
density 
WmL) 
1.40 S 

1.71 S 

1.67 S 

1.67 S 

1.47 S 

- 

241-U-204 

1.75 S 

1.62 s 
1.41 S 

Sludge/CWRl (Solid) 1.62 E 1.62 E 1.62 E 

1.75 E 

1.41 E 

1.59 E 

1.65 E 

1.40 S 

1.40 S 

1.86 s 
1.86 S 

1.41 E 

1.22 E 

1.62 E 

1.22 E 

1.62 E 

- 

- 

1.22 E 

1.62 E 

1.22 E 

1.62 E 

- 

density NO, 1 density TOC 1 ,  phase densit] 

1.71 S 1.71 S 1.71 

1.67 S 1.67 S 1.67 

1.67 S 1.67 S 1.67 

1.47 S 1.47 S 1.47 

1.75 S 1.75 S 1.75 S 

1.62 S 1.62 S 1.62 

1.41 S 1.41 S 1.41 S 

(g/mL) (g/mL) 

1.40 s 1.40 s 1.40 

1.62 E I I . 6 2  E l  ;:if ; 
1.22 E 1.22 E 

1.62 E 1.62 E 

1.22 E 1.22 E 1.22 

1.62 E 1.62 S 1.62 E 
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