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1.0 PURPOSE AND OBJECTIVE 

The purpose of these calculations is to develop the material balances for documentation of the 
Canister Storage Building (CSB) Process Flow Diagram (PFD) and future reference. The 
attached mass balances were prepared to support revision two of the PFD for the CSB. The 
calculations refer to diagram H-2-825869. 

2.0 SUMMARY OF FINAL RESULTS AND CONCLUSIONS 

See Appendix A for final results. 

3.0 ASSUMPTIONS 

See assumptions page in Appendix A. 

4.0 SOFT WARE APPLICATIONS 

No software applications were used. 

5.0 COMPUTER MODEL 

A Microsoft Excel spreadsheet was used to display material balances and verify hand 
calculations. 

6.0 INPUT DATA 

See Section 7.2 and Appendix A. 

7.0 CALCULATIONS 

7.1 Background 

During the K Basin fuel removal process, the combined K Basins inventory of SNF from the N 
Reactor, which totals 2, 103 MTU (metric tons uranium) per Reilly (1998) is cleaned, re-racked, 
and loaded into 398 (Goldmann 2000) mechanically sealed multi-canister overpacks (MCOs), 
and transferred to the cold vacuum drying (CVD) Facility within individual casks. The CVD 
Facility drains and dries the SNF in place within each CasWMCO assembly for transport from 
the 100 K Area to the CSB, where the MCOs are removed from their Transport Casks, staged for 
installation of welded closure caps, welded, and interim stored for up to 40 years. Following 
removal of an MCO from its Transport Cask, the empty cask is fitted with a new, empty MCO 
and returned to the K Basins, completing one process cycle. 

The fuel conditioning processes (cleaninghe-racking at the K Basins and drying at the CVD 
Facility) are designed to produce MCOs that contain no more than 200 g of free water (i.e., not 
chemically bound as water of hydration) and not more than 1056 g of chemically bound water 
(1256 g total design basis value). Upon completion of the drying process, the CasWMCO 

1 
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assembly is cooled by circulating chilled, deionized water through the CasWMCO annulus for 
five hours, after which the MCO is backfilled with helium to 11 psig (9.5 psig to 12.5 psig worst 
case actual pressure range, after correction for calibration errors, etc.). The CVD Facility 
equipment is disconnected from the MCO process ports, the cooling water is drained from the 
CaskiMCO annulus, the annulus is dried by an instrument air purge, the top of the MCO shield 
plug is wiped dry, and the cover plates are installed on each MCO port. The cover plate seals 
and the shield plug's main seal are then helium leak tested to ensure that their total combined 
leakage path does not exceed 1 x 1O.j std cm3/s, as defined by ANSI N14.5. Prior to installing 
the cask lid, the CVD Facility decontaminates and/or surveys all surfaces that will be exposed 
when the lid is removed at the CSB. Following installation of the cask lid, the CVD Facility 
decontaminates and (re)surveys all accessible surfaces of the cask and cask lid to comply with 
transport requirements and secures the cask for transport. The end product is a Cask/MCO 
assembly consisting of a thermally stable, helium inerted, mechanically sealed MCO (pressure 
relief is neither required nor provided) within a non-inerted, mechanically sealed Transport Cask. 

The five hour pre-backfill cooling step and the 9.5 psig worst case minimum backfill pressure are 
designed to provide a minimum void space MCO (5OOL) with at least 3 1 .0 p o l  of helium. The 
minimum initial helium inventory is designed, in conjunction with the leak test acceptance 
criterion and associated helium loss calculations (Sherrell 1999), to support the oxygen gettering 
calculations of Duncan and Plys (1998), which assume that all MCOs will retain -30 gmol of 
helium below their mechanically sealed shield plugs after 40 years of storage. The cool-down, 
backfill, and leak testing operations are more than adequate to ensure that all MCOs retain 
positive gage pressures (thus preventing ingress of air) at temperatures down to -31°C (Sherrell 
1999), and also ensure that hydrogen concentrations within standard, vented CSB storage tubes 
containing two mechanically sealed MCOs will never exceed 1 ~01%. 

At the CSB, all 398 MCOs are welded, sealed closed, and interim stored until a decision on final 
disposition is reached and implemented. Argon is the cover gas and helium is the back gas 
during gas tungsten arc welding of the MCO cover cap assembly. Approximately six MCOs will 
undergo short term monitoring for a period of about two years before they are welded and sealed 
closed. Each monitored MCO is sampled a total of eight times during the two year operating 
period. After each sampling, the monitored MCO is reinerted with helium to replace the gas lost 
during sampling. The MCO sample cart is used to gas sample and reinert the monitored MCOs. 
The sample cart is purged with helium to remove air before MCO sampling and dilute the 
hydrogen after sampling for exhausting to the ventilation system. 

Before welding of the monitored MCOs, the 100 psi pressure sending (located in the shield plug) 
is replaced with a 600 psi pressure sending unit. The monitored MCOs are vented through the 
internal filter and sample hood to atmospheric pressure, purged with helium during unit 
replacement, and then reinerted with helium to the same pressure. A 600 psi pressure readout 
unit is added to the cover cap of all 398 MCOs after welding. 

2 
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Condensate liquid waste from the compressed air system and the heating, ventilation air 
conditioning (HVAC) system is collected and loaded into 55-gallon drums for disposal at the 
Liquid Effluent Retention Facility (LERF) or to the ground, in accordance with SNF process 
standards. Solid waste is collected and loaded into 55-gallon drums or burial boxes for disposal 
as low level waste. 

The following stream calculations are presented on a project total basis and based on the best 
estimate case for an MCO containing one scrap basket and four Mk IV fuel baskets. 

7.2 Discussion of Stream Calculations 

7.2.1 

This is an input stream originating from H-1-81168, Rev. 3 cask transport PFDs. The stream 
mass is listed below: 

IC-003 Vacuum Dried Fuel In MCO/Cask Delivered to CSB 

3 
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Stream Number 
Description 
Phase 
Number of Items 

IC-003 Basic Notes 
MCOs to Vault 

S/G 
398 

Item Count Basis 
Volume, m3 
Density, g/cc 
Pressure, Torr 
Temperature, "C 

(1) Material balance neglects air within the cask void space as well as the material of 
construction of the cask and MCO. The container is not part of the mass balance. Page J-11 
of Duncan and Plys (1998) and Table 2-1 of Pajunen (2000) are the source of information for 
temperature, pressure, and composition of the MCO internal gas. 

The initial hydrogen concentration of 6.0 vol % at time zero is based on Duncan and Plys (1998) 
An initial fi l l  of 3 1 .0 gmol He/MCO from Pajunen (2000) is used for this flowsheet (see Section 
7.1). 

MCO 

- 
1370 
61 
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The following calculations are part of the caswtransport PFD from Klem and Pajunen (2000). 
The helium, hydrogen, and gas pressure calculations are repeated for background since they are 
used in subsequent calculations. The oxygen is negligible due to the gettering reaction with 
uranium metal based on Duncan and Plys (1998). 

Calculate masses at time zero: 

0.06 H2 = X gmol H*/(X gmol Hz + 31.0 gmol He) based on Duncan and Plys (1998) and 
Pajunen (2000) 

Mass Hz (X) = 0.06 x 31.0/0.94 = 1.978E+OO gmol Hz/MCO 

Total H2 mass at time zero = 1.978E+OO gmol/MCO x 2 g Hz/gmol x 398 MCOs x 0.001 kg/g = 
1.57E+00 kg 

Mass water/MCO at time zero = <2.00E+02 g H2O - 1.98E+00 gmol H2 x 1 gmol HzOigmol H2 x 
18 g HzO/gmol= 1.64E+02 g/MCO 

Total water mass at time zero = 1.64E+02 g/MCO x 398 MCOs x 0.001 kg/g = 6.533+01 kg 

Mass helium (based on initial fill) = 31.0 gmol/MCO x 4 g He/gmol x 398 MCOs x 0.001 kg/g = 
4.933+01 kg 

Time zero MCO gas pressure based on average temperature of fuel and 500L void volume = 
(1.98 gmol H2 + 3 1 .O gmoi He) x 0.0820 L atm/gmol K x 334 W500L = 1 .SO atm = 26.5 psia = 

1370 torr 

Private communication with M. G. Plys of Fauske and Associates reports that the average fuel 
temperature is more representative of the MCO gas temperature than the scrap temperature used 
in Duncan and Plys (1998). Therefore, the average fuel temperature is used as the MCO gas 
temperature. The 500L void volume is based on the one scrap basket and best estimate case 
MCO. 

7.2.2 

A total of 398 empty MCOs are transported to the K Basins for loading with fuel and scrap. Air 
within the empty containers and the containers themselves are not included in the material 
balance. 

IC-006 Empty MCO Loaded in Cask For Transport to K Basins 

7.2.3 

The MCO and cask are moved from the transporter to the cask-receiving pit. No change of 
material balance. See Stream IC-003. 

C-3 MCO/Cask in Cask Receiving Pit 

5 
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7.2.4 C-4 Empty Transporter 

Decontaminate empty transporter as required before reassemble of shipping system. No material 
balance. 

7.2.5 C-5 Remove MCO From Cask 

There is no change in material balance. See Stream IC-003. 

7.2.6 C-6 Move MCO From Transport Cask to Weld Station in MHM 

The loaded MCO is moved from the transport cask to the weld station in the MCO handling 
machine (MHM). There is no change of material inside the MCO. 

This is an input stream originating from cask transport Stream IC-003. The 392 MCOs go 
directly to welding. The six-monitored MCOs are deleted from this stream. The stream mass is 
listed below: 

6 
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Stream Number 
Description 
Phase 
Number of Items 
Item Count Basis 
Volume, m3 
Density, g/cc 
Pressure, Torr 
Temperature, "C 

C-6 
MCOs Direct to Welding 

SIG 
392 

MCO 

- 
1370 
61 

Fuel 2.22E+06 
Uranium 2.06E+06 

Plutonium 4.04E+03 
Other 1.55E+05 

M O H h  2.7 1 E+02 
A1701 O.OOE+OO 

M O H h  2.75E+01 
U02(0H)2 9.48E+02 
U044H70 O.OOE+OO 
U042H7O 9.45E+02 

uo2 1.24E+02 
uH1 3.72E+02 
uoi O.OOE+OO 

Stainless Steel O.OOE+OO 
Aluminum O.OOE+OO 

Other O.OOE+OO 

Sludge 2.69E+03 

Solids 

Water 6.43E+01 
4ir O.OOE+OO 
3ther Gases 5.00E+01 

Argon O.OOE+OO 
Hydrogen 1.55E+00 

Helium 4.85E+01 
rota1 Mass, kg 12.22E+06 
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7.2.7 C-7 Move Short Term Monitored MCO to Vault in MHM 

There are approximately six short term monitored MCOs over a two year period. The below 
material balance represents the six monitored MCOs at time zero. 

Table 7.2.3 
Stream Number 
Description 
Phase 
Number of Items 
Item Count Basis 
Volume, m3 
Density, g/cc 
Pressure, Torr 
Temperature, "C 
Components, kg 
Fuel 

Uranium 
Plutonium 

Other 

AI(OH)3 
A1203 

F e ( 0 H 13 

U02(0H)2 

Sludge 

U044H2O 
U042H20 

uo2 
u H 3  

uo3 
Stainless Steel 

Aluminum 
Other 

Solids 

Water 
Air 
Other Gases 

Argon 
Hydrogen 

V I  

Short Term Monitored MCO to Vault 

6 
MCO 

- 
1370 
61 

3.39E+04 

4.11 E+01 

O.OOE+OO 

9.84E-01 
O.OOE+OO 
7.67E-01 

3.15E+04 
6.18E+01 
2.3 7E+03 

4.15E+00 
0.00E+00 
4.21 E-01 
1.45E+01 
O.OOE+OO 
1.45E+01 
1.90E+00 
5.70E+00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
2.37E-02 

Helium 7.43E-01 
Total Mass, kg 13.39E+04 

8 
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7.2.8 C-8 Short Term Monitored MCO in Storage Tube 

Short term monitoring of the six preselected MCOs will have a small effect on the gas 
composition inside the MCOs. Four gas samples are taken from each monitored MCO/year at 
the sample/weld station over a two year period (private communication with G.  D. Bazinet of 
Numatec Hanford Corporation). The lost helium and hydrogen is replaced with helium after 
each sampling (private communication with A. L. Pajunen of Fluor Hanford). See Stream C-7 
for description of the six MCOs before monitoring and Stream C-12 for description of the six 
MCOs after two years of monitoring. The composition has been adjusted for radiolysis of 
hydrated oxides and refilling with helium to replace lost gas during sampling. 

7.2.9 C-9 Cask Receiving Pit Containment Tent Offgas 

The service pit containment tent is used for contamination control during recovery from off 
normal conditions such as high air pressure (> 3 psig) inside the transport cask annulus (Reed 
and Pajunen 1999), smearable radionuclide contamination on the MCO top, and/or the cask lid 
wall exceeds maximum permissible levels of smearable contamination. The exhaust flowrate of 
the service tent is established by the design capacity of the filter system. Filter EF-005 has a 
design capacity of 1,000 scfm (Ellis and Watts 1999). The containment tent ventilation system 
would be operated for approximately four hours during a recovery operation based on the 
operation block sequence flow diagram (OBSFD) (H-2-123400, Rev. H). 

7.2.10 C-10 Cask Receiving Pit Containment Tent Replacement Filters 

Filter system EF-005 consists of one prefilter and one HEPA filter. The prefilter is 24 in x 24 in 
x 2 in and the HEPA filter size is 24 in x 24 in x 11.5 in (Ellis and Watts 1999). Assume the 
prefilter weights 12 Ib and the HEPA filter weighs 40 Ib. 

7.2.11 C-11 Spent Cask Receiving Pit HEPA Filters 

Frequency of filter change is unknown at this time due to infrequent use of receiving pit 
containment tent. 

7.2.12 C-12 Short Term Monitored MCOs From Sampling to Storage Tube 

MCO composition has been adjusted to 2 years after receipt and backfilled with helium in order 
to replace estimated gas lost during gas sampling with the sample cart. Each of the six 
monitored MCOs is sampled a total of eight times over the two year monitoring period. 

9 
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Table 7.2.4 Stream C-12 (Before 100 PI 
Stream Number 
Description 
Phase 
Number of Items 
Item Count Basis 
Volume, m3 
Density, glcc 
Pressure, Torr 
Temperature, "C 
Components, kg 
Fuel 

Uranium 
Plutonium 

Other 

Al(OH)3 
A1203 

W O W 3  
U02(0H)z 
U044H2O 
U042H20 

Sludge 

uo2 
m3 

uo3 
Stainless Steel 

Aluminum 
Other 

Solids 

Water 
Air 
Other Gases 

Argon 
Hydrogen 

Pressure SendingiReadout Unit Replacement) 
n 3 -  
L-IL 

Short Term Monitored MCO to Storage Tube 
SIG 

6 
MCO 

- 
1400 
fin 

3.39E+04 

4.15E+01 

D.OOE+OO 

9.66E-01 
3.00E+00 
7.84E-01 

3.15E+04 
6.18E+01 
2.37E+03 

4.13E+00 

4.21E-01 
1.36E+O 1 
0.00E+00 
1.45E+01 
2.34E+OO 
5.70E+00 
8.18E-01 

0.00E+00 
O.OOE+OO 
0.00E+00 

1.35E-02 

0.00E+00 
2.57E-02 
7.5 8E-0 1 

3.39E+04 



SNF-5741, Rev. 0 

Time 1 Est. MCO press 1 Est. Avg. Fuel 1 Est. H2 

1. B= Before sampling, A= After sampling with He refill to replace lost H2 and He 

Est. He 

2. 

Yr 

0.0 
0.5 
1 .0 
1.5 
2.0 

w/o sampling' Temp vol % vol % 
psia "C 
25.1 61 6.0 94.0 
25.1 61 6.6 93.4 
25.4 61 7.0 93.0 
25.6 60 7.5 92.5 
25.7 60 8.0 92.0 

Mass balance calculations are listed below for Table 7.2.5 

11 
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SAMPLE 1B 

Determine mass of H2 in six monitored MCOs at 0.25 yr and no samplinghefill of MCO 

0.063 = X Hz/(XH2 + 31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 

X= 0.063 x 31.010.937 = 2.084 gmol H2/MCO 

Pressure of MCO before sampling based on initial He fill of 3 1 .O gmol/MCO = (2.084 gmol Hz + 
31.0 p o l  He = 33.08 gmoliMC0) x 0.082 atm L/gmol K x 334 W(500 LIMCO) = 1.81 atm = 
26.6 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 

(PlVl + P2V2)/(VI+V2) = (26.6 psia x 500 L MCO + 14.7 psia x 46.4 L sample cart)/(500 L + 
46.4 L) = 25.6 psia 

DP = 26.6 psia -25.6 psia = 1 psia 

Mass H2 lost from six monitored MCOs after sampling at 0.25 yr = 6 x DP x V x 0.063 H2/RT = 

6 MCOs x 1.0 psia x 500 L/MCO x 0.063 H2/(14.7 psidatm x 0.0820 L atm/gmol K x 334 K) x 
0.001 kg/g = 4.69E-04 kg mol = 9.383-04 kg 

Mass He lost from six monitored MCOs after sampling at 0.25 yr = 6 MCOs x DP x V x 0.937 
He/RT = 6 MCOs x 1.0 psia x 500 LAIC0 x 0.937 Hd(14.7 psidatm x 0.0820 L atdgmol K x 
334 K) x 0.001 kg/g = 6.98E-03 kg mol = 2.793-02 kg 

SAMPLE 1A 

Mass Hz remaining inside six monitored MCOs after sampling at 0.25 yr = 2.084 gmol/MCO x 
6 MCOs x 0.001 kg/g ~ 4.69E-04 kg mol lost = 1.203E-02 kg mol =2.4OE-02 kg 

Mass He remaining inside six monitored MCOs after sampling at 0.25 yr and before refill = 

3.10E-02 kg molMCO x 6 MCOs - 6.98E-03 kg mol lost = 1.790E-01 kg mol = 7.161E-01 kg 

Pressure in reinerted/monitored MCOs at 0.25 yr = nRT/V = (1.203E-02 kg mole H2 remaining + 
4.69E-04 kg mol from HZ lost + 6.985E-03 kg mol He lost +1.790E-01 kg mol He remaining = 

1.985E-01) x 0.0820 atm L/ gmol K x 334 K) x 1000 g/kg/(500 LiMCO x 6 MCOs) = 1.81 atm = 
26.6 psia 

Mass of He inside six monitored MCOs after reinert at 0.25 yr = 4.69E-04 kg mol Hz lost + 
6.985E-03 kg mol He lost + 1.790 E-01 kg mol remaining = 1.864E-01 kg mol 

Concentration of Hz in reinerted MCO after sampling at 0.25 yr = 1.203E-02 kg mol x 
loo/( 1.864E-01 kg mol He + 1.203E-02 kg mol Hz = 1 .985E3-01 kg mol) = 6.2 vol YO 

Concentration of He in reinerted MCO after sampling at 0.25 yr = 100 ~ 6.2 = 93.8% 
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SAMPLE 2B 

Determine mass of H2 in six monitored MCOs at 0.5 yr and no samplinglHe reinerting 

0.066 = X H z / ( X H z  + 31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 

X=O.O66x 31.0/0.937=2.183E+OO gmolH2/MCO 

Amount H2 in six monitored MCOs before sampling at 0.5 yr (sampling and after reinert at 0.25 
yr) = 2.183 gmol/MCO x 6 MCOs x 0.001 kg/g - 4.69E-04 kg mol lost at 0.25 yr = 1.263E-02 kg 
mol 

Concentration of hydrogen at 0.5 yr before sampling = 1.263E-02 kg mol H2 x loo/( 1.263E-02 
kg mol H2 + 1.864E-01 kg mol He = 1.990E-01) = 6.3 YO 

Concentration of He at 0.5 yr before sampling = 100 - 6.3 = 93.7 % 

MCO Pressure at 0.5 yr before sampling = 1.990E-01 kg mol x 0.0820 L a t d  gmol K x 334 K x 
1000 g k g  /(500 LiMCO x 6 MCOs) = 1.817 atm = 26.7 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 

(PlV1 +P2V2)/(VI+V2) = (26.7 psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 25.7 psia 

DP = 26.7 psia ~ 25.7 psia = 1.0 psia 

Mass H2 lost from six monitored MCOs after sampling at 0.5 yr = 6 MCOs x DP x V x 0.063 
H2/RT = 6 MCOs x 1.0 psia x 500 L/MCO x 0.063/(14.7 psidatm x 0.0820 L atm/gmol K x 334 
K) x 0.001 kg/g = 4.69E-04 kg mol = 9.393-04 kg 

Mass H e  lost from six monitored MCOs after sampling at 0.5 yr = 6 MCOs x DP x V x 0.937 
HeRT = 6 MCOs x 1.0 psia x 500 L/MCO x 0.937 Hei(14.7 psidatm x 0.0820 L atdgmol K x 
334 K) x 0.001 kgig = 6.982E-03 kg mol = 2.79E-02 kg 

SAMPLE 2A 

Mass H2 remaining in six monitored MCOs after sampling at 0.5 yr = 1.263E-02 kg mol - 
4.69E-04 kg mol lost at 0.5 yr = 1.216 E-02 kg mol = 2.43E-02 kg 

Mass He remaining in six monitored MCOs after sampling at 0.5 yr = 1.864E-01 kg mol 
6.982E-03 kg mol lost at 0.5 yr = 1.794E-01 kg mol = 7.1 8E-01 kg 

Pressure in reinertedmonitored MCOs at 0.5 yr = nRT/V = (1.21 6E-02 kg mol H2 remaining + 
4.69E-04 kg mol from H2 lost + 6.98E-03 kg mol He lost + 1.794E-01 kg mol He remaining = 

1.990E-01) x 0.0820 atm L/ gmol K x 334 K) x 1000 gikgi(500 L/MCO x 6 MCOs) = 1.82 atm = 

26.7 psia 

13 
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Mass of He in six monitored MCOs after reinert at 0.5 yr = 1.794E-01 kg mol remaining t 
6.982E-03 kg mol He lost + 4.69E-04 kg mol H2 lost= 1.868E-01 kg mol 

Concentration of H2 in MCO at 0.5 yr after reinert = 1.216E-02 kg mol Hz x 100/(1.216E-02 kg 
mol H2 + 1.868E-01 kg mol He = 1.990E-01) = 6.1 vol % 

Concentration of He = 100 - 6.1 = 93.9 vol % 

SAMPLE 3B 

Determine mass of H2 in six monitored MCOs at 0.75 yr and no sampling/He reinerting 

0.068 H2 = X Hz/(X H2 + 31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 

X = 0.068 x 3 1 .0/ 0.932 = 2.262E+00 gmol H2IMCO w/o sampling and reinerting 

Amount HZ remaining in six monitored MCOs before sampling at 0.75 y~ (sampling and refill at 
0.5 yr) = 2.262E-03 gmoVMCO x 6 MCOs x 0.001 kg/g - 4.69E-04 kg mol lost at 0.25 yr - 
4.69E-04 kg mol at 0.5 yr = I .263E-02 kg mol 

Concentration of hydrogen at 0.75 yr before sampling = 1.263E-02 kg mol H2 x 100/(1.263E-02 
kg mol Hz + 1.868E-01 kg mol He = 1.994E-01) = 6.3 % 

Concentration of He at 0.75 yr before sampling = 100 ~ 6.3 = 93.7 % 

MCO Pressure at 0.75 yr before sampling = 1.994E-01 kg mol x 0.0820 L atm/gmol K x 334 K x 
1000 g/kg/(500 LMCO x 6 MCOs) = 1.82 atm = 26.8 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 

(PlV1 +P2V2)/(Vl+V2) = (26.8 psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 25.8 psia 

DP = 26.8 psia ~ 25.8 psia = 1.0 psia 

Mass H2 lost from six monitored MCOs after sampling at 0.75 yr = 6 MCOs x DP x V x 0.063 
H$RT = 6 MCOs x 1.0 psia x 500 LMCO x 0.063/(14.7 psidatm x 0.0820 L atm/gmol K x 334 
K) x 0.001 kg/g = 4.69E-04 kg mol = 9.393-04 kg 

Mass He lost from six monitored MCOs after sampling at 0.75 yr = 6 MCOs x DP x V x 0.937 
He/RT = 6 MCOs x 1.0 psia x 500 L x 0.937 Hei(14.7 psidatm x 0.0820 L atm/gmol K x 334 K) 
x 0.001 kg/g = 6.98E-03 kg mol = 2.793-02 kg 

SAMPLE 3A 

Mass HZ remaining in six monitored MCOs after sampling at 0.75 yr = 1.263E-02 kg mol 
4.69E-04 kg mol at 0.75 yr = 1.216 E-02 kg mol =2.43E-02 kg 

14 
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Mass He remaining in six monitored MCOs after sampling at 0.75 yr and before reinerting = 

1.868E-01 kg mol - 6.98E-03 kg mol = 1.798E-01 kg mol 

Mass He in reinerted MCOs after sampling and reinert at 0.75 yr = 1.798 E-01 kg mol remaining 
+ 6.98E-03 kg mol He lost + 4.69E-04 kg mol Hz lost = 1.872E-01 kg mol 

Concentration of Hz in MCO at 0.75 yr after reinerting = 1.216E-02 kg mol HZ x 1O0/(1.216E3-O2 
kg mol HZ + 1.872E-01 kg mol He) = 6.1 vol % 

Concentration of He = 100 - 6.1 = 93.9 vol % 

Pressure in refilledimonitored MCOs at 0.75 yr = nRT/V = (1.216E-02 kg mol H2 + 1.872E-01 
kg mol He = 1.993E-01) x 0.0820 atm Ugmol K x 334 K) x 1000 glkgl(500 L/MCO x 6 MCOs) 
= 1.82 atm = 26.8 psia 

SAMPLE 4B 

Determine mass of Hz in six monitored MCOs at 1 .O yr and no sampling/He reinerting 

0.070 H2 = X H2/(X H2 + 31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 

X = 0.070 x 31.0/0.930 = 2.333E+OO gmol HdMCO w/o sampling and reinerting 

Amount HZ remaining in six monitored MCOs before sampling at 1 .0 yr (sampling and reinert at 
0.75 yr) = 2.333 gmol/MCO x 6 MCOs x 0.001 kg/g - 4.69E-04 kg mol lost at 0.25 yr - 4.69E-04 
kg mol lost at 0.5 yr - 4.69E-04 kg mol lost at 0.75 yr = 1.259E-02 kg mol 

Concentration of hydrogen at 1 .O yr and before sampling = 1.259E-02 kg mol H2 x 100/(1.259E3- 
02 kg mol H2 + 1.872E-01 kg mol He = 1.998E-01) = 6.3 % 

Concentration of He at 0.75 yr before sampling = 100 - 6.3= 93.7 % 

MCO pressure at 1 .O yr before sampling = 1.998E-01 kg mol x 0.0820 L atndgmol K x 334 K x 
1000 g/kg /(500 LiMCO x 6 MCOs) = 1.82 atm = 26.8 psia 

MCO/sample cart pressure after pressurizing sample cart = (PlV1 + P2V2)/(VI+V2) = (26.8 
psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 25.8 psia 

DP = 26.8 psia - 25.8 psia = 1.0 psia 

Mass HZ lost from six monitored MCOs after sampling at 1.0 yr = 6 MCOs x DP x V x 0.063 x 
HdRT = 6 MCOs x 1.0 psia x 500 LiMCO x 0.063/(14.7 psidatm x 0.0820 L atmigmol K x 334 
K) x 0.001 kgig = 4.69E-04 kg mol = 9.393-04 kg 
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Mass He lost from six monitored MCOs after sampling at 1.0 yr = 6 x DP x V x 0.937 He/RT = 
6 MCOs x 1 .O psia x 500 L/MCO x 0.937 Hd(14.7 psidatm x 0.0820 L atndgmol K x 334 K) x 
0.001 kg/g = 6.98E-03 kg mol = 2.793-02 kg 

SAMPLE 4A 

Mass H2 remaining in six monitored MCOs after sampling at 1 .0 yr = 1.259E-02 kg mol - 
4.69E-04 kg mol at 1.0 yr = 1.212E-02 kg mol =2.42E-02 kg 

Mass He remaining in six monitored MCOs after sampling at 1 .0 yr and before reinerting = 

1.872E-01 kg mol - 6.98E-03 kg mol = 1.802E-01 kg mol 

Mass He in reinerted MCOs after sampling and reinerting at 1 .O yr = 1.802E-01 kg mol 
remaining + 6.98E-03 kg mol He lost + 4.69E-04 kg mol Hz lost = 1.876E-01 kg mol 

Concentration of H2 in MCO at 1 .O yr and after He reinerting = 1.212E-02 kg mol H2 x 
100/(1.212E-02 kg mol H2 + 1.876E-01 kg mol He = 1.997E-01 kgmol) = 6.1 vol % 

Concentration of He in MCO at 1 yr and after He reinert = 100 - 6.1 = 93.9 vol % 

Pressure inside MCOs at 1 .0 yr and after He reinert = 1.997E-01 kg mol x 0.0820 atm Ligmol K 
x 334 K) x 1000 gkg /(500 L/MCO x 6 MCOs) = 1.82 atm = 26.8 psia 

SAMPLE 5B 

Determine mass of H2 in six monitored MCOs at 1.25 yr and no sampling/He reinerting 

0.073 H2 = X H2/(X H2 + 3 1 .0 He) based on Duncan and Plys (1 998) and Pajunen (2000) 

X H2 = 0.073 x 31.0/0.927 = 2.441E+00 gmol H2iMCO w/o sampling and reinerting 

Amount of H2 in six monitored MCOs before sampling at 1.25 yr (sampling and reinerting at 1.0 
yr) = 2.441 gmol/MCO x 6 MCOs x 0.001 kg/g ~ 4.69E-04 kg mol/sample event x 4 sample 
events = 1.277E-02 kg mol 

Concentration of H2 at 1.25 yr and before sampling = 1.277E-02 kg mol x loo/( 1.277E-02 kg 
mol H2 + 0.1876 kg mol He = 2.00E-01) = 6.4 vol % 

Concentration of He at 1.25 yr and before sampling = 100 - 6.4 = 93.7 vol % 

MCO pressure at 1.25 yr before sampling = 2.00E-01 x 0.0820 atm L/gmol K x 333 K) x 1000 
gklkgi(500 WMCO x 6 MCOs) = 1.82 atm = 26.8 psia 

MCO/sample cart pressure after pressurizing sample cart = (PlVI + P2V2)/(VI+V2) = (26.8 
psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 25.8 psia 
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DP = 26.8 psia- 25.8 psia = 1 psia 

Mass H2 lost from six monitored MCOs after sampling at 1.25 yr = 6 MCOs x DP x V x 0.064 
H2/RT = 6 MCOs x 1.0 psia x 500 LMCO x 0.063 H2/(14.7 psidatm x 0.082 L atm/ gmol K x 
333 K) x 0.001 kg/g = 4.71 E-04 kg mol = 9.42E-04 kg 

Mass He lost from six monitored MCOs after sampling at 1.25 yr = 6 MCOs x DP x V x 0.936 
H2RT = 6 MCOs x 1.0 psia x 500 L/MCO x 0.937 H2/(14.7 psidatm x 0.082 L at& gmol K x 
333 K) x 0.001 kg/g = 7.00E-03 kg mol = 2.803-02 kg 

SAMPLE SA 

Mass H2 remaining in six monitored MCOs after sampling at 1.25 yr = 1.277E-02 kg mol 
4.71 E-04 kg mol = 1.23E-02 kg mol 

Mass He remaining in six monitored MCOs after sampling at 1.25 yr and before reinerting = 

0.1876 kg mol - 7.00E-03 kg mol lost = 1.806E-01 kg mol 

Mass He in reinerted MCOs after sampling and reinerting at 1.25 yr = 1.806E-01 kg mol 
remaining + 7.00E-03 kg mol He lost + 4.71E-04 kg mol as H2 lost = 1.881E-01 kg mol 

Concentration of H2 in MCO at 1.25 yr and after He reinerting = 1.23E-02 kg mol x loo/( 1.23E- 
02 kg mol H2 +1.881E-01 kg mol He = 2.00E-01) = 6.1 vol % 

Concentration of He = 100 - 6.1 = 93.9 vol % 

Pressure inside MCOs at 1.25 yr and after He reinerting = 2.00E-01 kg mol x 0.0820 atm Ugmol 
K x 333 W(500 L/MCO x 6 MCOs) x 1000 g/kg = 1.82 atm = 26.8 psia 

SAMPLE 6B 

Determine mass of H2 in six monitored MCOs at 1.5 yr and no sampling/He reinerting 

0.075 = X H2/(X H2 + 3 1 .O He) based on Duncan and Plys (1998) and Pajunen (2000) 

X = 0.075 x 31.010.925 = 2.513 gmol/MCO without sampling and reinerting 

Amount HZ remaining in six monitored MCOs before sampling at 1.5 yr (sampling and reinerting 
at 1.25 yr) = 2.5 13 gmol/MCO x 6 MCOs x 0.001 kg/g - 4.69E-04 kg mol x 4 sampling events - 
4.71E-04 kgmol at 1.25 yr = 1.273E-02 kgmol 

Concentration of H2 at 1.5 yr before sampling = 1.273E-02 kg mol x 10O/(1.273E3-02 kg mol H2 
+ 1.881E-01 kg mol He = 2.00E-01) = 6.3 vol % 

Concentration of He = 100 - 6.3 = 93.7 vol % 
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MCO pressure at 1.5 yr before sampling = 2.00E-01 kg mol x 0.082 L atmigmol K x 333 K x 
1000 g/gmo1/(500 LMCO x 6 MCOs) = 1.82 atm = 26.8 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 

(PlV1 + P2V2)/(Vl+V2) = (26.8 psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 25.8 psia 

DP = 26.8 psia - 25.8 psia = 1 psia 

Mass H2 lost from six monitored MCOs after sampling at 1.5 yr = 6 MCOs x DP x V x 0.063 
H2/RT = 6 MCOs x 1 .O psi, x 500 L/MCO x 0.063 H2/(14.7 psidatm x 0.082 L atm/gmol K x 
333 K) x 0,001 kg/g = 4.71E-04 kg mol = 9.423-04 kg 

Mass He lost from six monitored MCOs after sampling at 1.5 yr = 6 MCOs x DP x V x 
0.937H2/RT = 6 MCOs, x 1.0 psia x 500 L/MCO x 0.937 H2/(14.7 psidatm x 0.082 L atdgmol 
K x 333 K) x 0.001 kg/g = 7.00E-03 kg mol = 2.803-02 kg 

SAMPLE 6A 

Mass Hz remaining in six monitored MCOs after sampling at 1.5 yr and before reinerting = 
1.273E-02 kg mol - 4.71E-04 kg mol lost = 1.226E-02 kg mol 

Mass He remaining in six monitored MCOs after sampling at 1.5 yr and before reinerting = 
1.881E-01 kg mol - 7.00E-03 kg mol lost = 1.81 1E-01 kg mol 

Mass He in refill MCOs after sampling and reinerting at 1.5 yr = 1.81 1E-01 He remaining + 
7.00E-03 kg mol He lost + 4.71E-04 kg mol lost as H2 = 1.886E-01 kg mol 

Concentration of H2 in MCO at 1.5 yr and after He reinerting = 1.226E-02 kg mol x 
100/(1.226E-02 kg mol H2 + 1.886E-01 kg mol He = 2.00E-01) = 6.1 vol YO 

Concentration of He = 100 ~ 6.1 = 93.9 vol YO 

Pressure inside MCOs at 1.5 yr after reinerting = 2.00E-01 kg mol x 0.0820 L atm/gmol K x 333 
K)/(500 L/MCO x 6 MCOs) x 1000 g/kg = 1.782 atm = 26.8 psia 

SAMPLE 7B 

Determine mass of H2 in six monitored MCOs at 1.75 yr and no sampl inme reinerting 

0.078 = X H24X H2+31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 

X = 0.078 x 3 1.010.922 = 2.622 gmol/MCO without sampling and reinerting 

Amount H2 remaining in six monitored MCOs before sampling at 1.75 yr (sampling and 
reinerting at 1.5 yr) = 2.622 gmol x 6 MCOs x 0,001 kg/g ~ 4.69E-04 kg mol x 4 sampling 
events-4.71E-04kgmolat 1.25 yr-4.71E-04kgmolat 1.5 yr= 1.291E-02kgmol 
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ConcentrationofHZat 1.75 yrand beforesampling= 1.291E-02 kgmolx 100/(1.291E-02 kg 
mol +1.886E3-01 kg mol He = 2.015E-01) = 6.4 vol % 

Concentration of He at 1.75 yr and before sampling = 100 - 6.4 = 93.6 vol % 

MCO pressure at 1.75 yr before sampling = 2.015E-01 kg mol x 0.0820 L atdgmol K x 333 
W(500 LAIC0 x 6 MCOs x 1000 g k g  = 1.83 atm = 27.0 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 
(PlV1 + P2V2)/(Vl+V2) = (27.0 psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 26.0 psia 

DP = 27.0 psia - 26.0 psia = 1 psia 

Mass HZ lost from six monitored MCOs after sampling at 1.5 yr = 6 MCOs x DP x V x 0.064 
H2/RT = 6 MCOs x 1.0 psia x 500 L/MCO x 0.064 H2/(14.7 psidatm x 0.082 L atmigmol K x 
333 K) x 0.001 kg/g = 4.78E-04 kg mol = 9.563-04 kg 

Mass He lost from six monitored MCOs after sampling at 1.5 yr = 6 MCOs x DP x V x 
0.936H2/RT = 6 MCOs x 1.0 psia x 500 UMCO x 0.936 H2/(14.7 psidatm x 0.082 L atm/gmol 
K x 333 K) x 0.001 kg/g = 7.00E-03 kg mol = 2.803-02 kg 

SAMPLE 7A 

Mass H2 remaining in six monitored MCOs after sampling at 1.75 yr and before reinerting = 
1.291E-02 kg mol - 4.78E-04 kg mol lost = 1.243E-02 kg mol 

Mass He remaining in six monitored MCOs after sampling at 1.75 yr and before reinerting = 
1.886E-01 kg mol - 7.00E-03 kg mol lost = 1.816E-01 kg mol 

Mass He in refill MCOs after sampling and reinerting at 1.75 yr = 1.816E-01 kg mol He 
remaining + 7.00E-03 kg mol He lost + 4.78E-04 kg mol lost as H2 = 1.891E-01 kg mol 

Concentration of Hz in MCO at 1.75 yr and after He reinerting = 1 .243E3-02 kg mol x 
100/(1.243E-02 kgrnolHZ+ 1.891E-01 kgmolHe=2.015E-01)=6.2 vol 'YO 

Concentration of He at 1.75 yr and after He fill = 100 - 6.2 = 93.8 vol YO 

Pressure inside MCO at 1.75 yr and after He refill = 2.015E-01 kg mol x 0.082 L atmigmol K x 
333 K x 1000 gkgi(500 L/MCO x 6 MCOs) = 1.83 atm = 27.0 psia 

SAMPLE 8B 

Determine mass of H2 in six monitored MCOs at 2.0 yr and no samplingiHe reinerting 

0.080 = X Hz/(X H2+31.0 He) based on Duncan and Plys (1998) and Pajunen (2000) 
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X = 0.080 x 31.0/0.920 = 2.696 gmol H$MCO without sampling and reinerting 

Amount Hz remaining in six monitored MCOs before sampling at 2.0 yr (sampling and reinerting 
at 1.5 yr) = 2.696 gmol x 6 MCOs x 0.001 kglg - 4.69E-04 kg mol x 4 sampling events - 4.71E- 
04 kg mol at 1.25 yr - 4.71E-04 kg mol at 1.5 yr - 4.78E-04 kg mol at 1.75 yr = 1.288E-02 kg 
mol 

Concentration of Hz at 2.0 yr and before sampling = 1.288E-02 kg mol x 100/(1.288E-02 kg mol 
+1.891E-01 kg mol He = 2.02E-01) = 6.4 vol % 

Concentration of He at 2.0 yr and before sampling = 100 - 6.4 = 93.6 vol % He 

MCO pressure at 2.0 yr before sampling = 2.02E-01 kg mol x 0.0820 L atm/gmol K x 333 
W(500 UMCO x 6 MCOs x 1000 gikg = 1.84 atm = 27.0 psia 

MCO/sample cart pressure after pressurizing sample cart assuming no temperature effects = 

(PlVl + P2V2)/(VI+V2) = (27.0 psia x 500 L + 14.7 psia x 46.4 L)/(500 L + 46.4 L) = 26.0 psia 

DP = 27.0 psia - 26.0 psia = 1 psia 

Mass Hz lost from six monitored MCOs after sampling at 2.0 yr = 6 MCOs x DP x V x 0.064 
H&T = 6 MCOs x 1.0 psia x 500 UMCO x 0.063 H2/(14.7 psidatm x 0.082 L atmigmol K x 
333 K) x 0.001 kg/g = 4.71E-04 kg mol = 9.563-04 kg 

Mass He lost from six monitored MCOs after sampling at 2.0 yr = 6 MCOs x DP x V x 0.936 
HZ/RT = 6 MCOs x 1.0 psia x 500 L/MCO x 0.936 H2/(14.7 psidatm x 0.082 L atmlgmol K x 
333 K) x 0.001 kg/g = 7.00E-03 kg mol = 2.80E-02 kg 

SAMPLE SA 

Mass H2 remaining in six monitored MCOs after sampling at 2.0 yr and before reinerting = 

1.288E-02 kg mol - 4.71E-04 kg mol lost = 1.283E-02 kg mol = 2.57E-02 kg 

Mass He remaining in six monitored MCOs after sampling at 2.0 yr and before reinerting = 

1.891E-01 kg mol - 7.00E-03 kg mol lost = 1.821E-01 kg mol 

Mass He in reinerted MCOs after sampling and reinerting at 2.0 yr = 1.821 E-01 kg mol He 
remaining + 7.00E-03 kg mol He lost + 4.71E-04 kg mol lost as HZ = 1.896E-01 kg mol = 7.58E- 
01 kg 

Concentration of Hz in MCO at 2.0 yr and after He reinerting = 1 .283E3-02 kg mol x 
100/(1.283E-02 kg mol Hz + I ,896E-01 kg mol He = 2.024E-01) = 6.3 vol % 

Concentration of He at 2.0 yr and after He reinerting = 100 - 6.3 = 93.7 vol % 
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Pressure inside MCO at 2.0 yr and after He reinerting = 2.024E-01 kg mol x 0.082 L atmigmol K 
x 333 K x 1000 gikgi(500 L /MCO x 6 MCOs) = 1.84 atm = 27.0 psia = 1400 torr 

Determine Estimated Hydrated Oxide Radiolysis and Remaining Amount of Free Water in 
Monitored MCOs at 2 Years 

Based on adjusted approximations from sections 5.5.1 and 5.5.2 ofDuncan and Plys (1998), 
assume 0.005 % of AI(OH)3 and 6.0 % of U02(0H)2 are decomposed by radiation to A1203, 
U03  , and hydrogen during the two years of MCO monitoring (private communication with A. L. 
Pajunen of Fluor Hanford). This approximation gives a larger free water inside the MCO since a 
small amount of hydrogen is produced by radiolysis of the bound (hydrated oxide) water. The 
oxygen is gettered by reaction with uranium metal to form additional U02. 

Determine amount of A1203, U02, and hydrogen produced by radiolytic decomposition of 
AI(OH)3 in six monitored MCOs (hydrogen included in above estimates as part of overall 
hydrogen generation from modeling in Duncan and Plys (1998)): 

2AI(OH)3 + A1203 + 3H20 + AI203 + 3H2 + 1.502 

1.5 0 2 +  1.5U + 1.5Uo2 (gettering) 

4.15 kg AI(OH)3/78 glgmol + 0.995 x 4.15 kg AI(OH), + 0.005 x 4.15 kg AI(OH)3/(78 glgmol) 
x 1 gmol A1203/2 gmol AI(OH)3 x 102 g A1203/gmol (kg A1203) + 0.005 x 4.15 kg AI(OH),/(78 
gigmol) x 3 gmol H2/2 gmol x 2g Hz/grnol (kg Hz) + 1.5 gmol 0 2  or U02/2 gmol Al(OH)3 x 
0.005 x 4.15 kg AI(OH)3/(78 dgmol) 

Remaining AI(OH)3 = 0.995 x 4.15 kg = 4.13 kg or 6.88E-01 kgiMC0 

Amount AI203 produced = 0.005 x 4.15 kg Al(OH)3/(78 g/gmol) x 1 gmol A1203/2 gmol 
AI(OH)3 x 102 g Al2OJgmol= 1.353-02 kg or 2.26E-03 kg/MCO 

Amount hydrogen produced = 0.005 x 4.15 kg AI(OH)3 478 g/gmol) x 3 gmol H2/ 2 gmol 
AI(OH)3 x 2 g Hz/gmol= 7.98E-04 kg HZ or 1 .33E3-04 kg Hz/MCO 

Amount of new U02 produced = 0.005 x 4.15 kg AI(OH)i/(78 g/gmol) x 1.5 gmol U02/2 gmol 
AI(OH)3 x 270 g UO2/gmol= 5.39E-02 kg UO2 or 8.98E-03 kg/MCO 

Determine amount of UOi, U02, and hydrogen produced at two years by radiolytic 
decomposition of U02(OH)2 in six monitored MCOs (hydrogen included in above estimates as 
part of overall hydrogen generation from modeling in Duncan and Plys (1998)): 

U02(OH)2 + uo3 + H20 + UOz + Hz + 0.5 0 2  

0 2  + u + u02 
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14.5 kg U02(OH)2/304 g / p o l - - *  0.94 x 14.5 kg U02(OH)2 + 0.06 x 14.5 kg U02(OH)2/304 
dp01 x 1 mol u03/@01 UOz(OH)2 x 286 g u03/gmOl (kg uo3) + 0.06 x 14.5 kg 
U02(OH)2/304 gigmol x 1 gmol Hl/gmol U02(OH)2 x 2 g Hzigmol (kg H2) + 0.06 x 14.5 kg 
U02(OH)2/304 gigmol x 0.5 gmolO2/gmol U02(0H)2 x 1 gmol UO2/gmol02 x 270 g UOz/gmol 

Remaining U02(OH)2 = 0.94 x 14.5 kg = 1.363+01 kg or 2.27E+OO kgiMCO 

Amount UO3 produced = 0.06 x 14.5 kg U02(OH)2/304 glgmol x 1 gmol u03/gmOl U02(OH)2 x 
286 g/gmol UO3 = 8.183-01 kg or 1.36E-01 kg/MCO 

Amount of U 0 2  produced = 0.06 x 14.5 kg U02(OH)2/304 glgmol x 0.5 p o l  02/gmol 
U02(OH)2 x 1 gmol UO2/gmol O2 x 270 g UO2/gmol= 3.863-01 kg or 6.44E-02 kglMC0 

Total U02 in 6 monitored MCOs = 1.90E+00 kg (C-7) + 5.4E-02 kg + 3.86E-01 kg = 2.34E+OO 
kg or 3.90E-01 kg/MCO 

Amount hydrogen produced = 0.06 x 14.5 kg U02(OH)2/304 g/gmol x 1 gmol Hdgmol 
U02(OH)2 x 2 g H2/gm0l= 5.723-03 kg 

Total hydrogen produced from radiolysis of Al(OH)3 and U02(0H)~ in six monitored MCOs = 

7.98E-04 kg + 5.72E-03 kg = 6.51E-03 kg = 3.26E-03 kg mol 

Total hydrogen producedmonitored MCO From radiolysis of AI(OH)3 and U02(OH)2 = 6.51E- 
03 kg/6 MCOs = 1.09E-03 kg = 5.433-04 kg mol 

Determine hydrated oxide water resulting from decomposition of Al(OH)3 and U02(OH)2 

Free wateriMC0 at time zero based on 6.0 vol YO H2 = 1.64E+02 g = 9.1 1E+00 gmol (see Stream 
IC 003) 

Amount of H2/MC0 at time zero = 1.9783+00 gmol Hz/MCO (See Stream IC-003) 

Amount of H2/MC0 at two yr w/o sampling (assume the same amount H2 produced with 
sampling) = 2.6963+00 gmol HdMCO (See 8B) 

Change of H2 from time zero to two yr with correction for decomposition of hydrated oxides = 

2.696E+00 -1.978E+OO ~ 5.43E-01 gmol = 1.75E-01 gmol HziMCO 

Determine amount of free water equivalent to change of H2 value 

H2O + H2 + 0.502 

1.75E-01 gmol H2 x 1 gmol HzO/gmol H2 x 18 g HzO/gmol= 3.15E+00 g HzOiMCO 

Water remaining/monitored MCO at 2 yr = 1.64E+02 - 3.15E+00 = 1.61E+02 g 
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Water remaining in six monitored MCOs = 1.61E+02 g/MCO x 6 MCOs = 9.66E+02 g = 9.663-01 kg 

7.2.13 C-13 Monitored MCOs to Welding 

Assume same composition and number of MCOs as Stream C-12. See Stream C-52 for 
composition after venting, 100 psi pressure unit replacement, and helium reinerting. 

7.2.14 C-14 MCOs to Welding 

Sum of Stream C-6 for the 392 MCOs going directly to welding and Stream C-52 for the six 
monitored MCOs at 2 yr. 

7.2.15 C-15 MCOs to Canister Cover Cap Welding 

Optional leak test results in no change of MCO composition. MCO composition same as Stream 
C-14. 

7.2.16 C-16 Argon Welding Gas Supply 

Argon is supplied from cylinders as the cover gas for welding of the MCO cover caps and cover 
plate welds. Assume the following conditions: 

four weld passes per MCO for the cover cap weld and two weld passes per MCO for the 
cover plate weld(private communication with T. A. Delucchi of COGEMA) 
an argon cover gas usage rate of 40 standard ft3ihr for each cover cap weld and 20 standard 
ft3/hr for each cover plate weld (private communication with T. A. Delucchi of COGEMA) 
a 0.5 hripass welding rate for both the cover cap and cover plate (private communication 
with T. A. Delucchi of COGEMA) 
1 %% of MCOs (0.015 x 398 = 6 MCOs) experience a cover cap weld test failure and no 
MCOs experience a cover plate weld test failure based on dye penetrant test (private 
communication with T. A. Delucchi of COGEMA) 
failed cover cap rewelding is 2.5 cm (1 in)/weld failed MCO (private communication with T 
A. Delucchi of COGEMA) 

Volume of argon gas = (40 ft’ihr x 0.5 hr/pass x 4 passes/MCO cover cap + 20 ft3h x 0.5 
hr/pass x 2 passes/MCO cover plate) x 398 MCOs = 3.98E+04 std ft3 = 1.13E+03 std m3 

Mass of argon gas = 3.98E+04 ft3 x 28.3 LIB3 x 273 W288 K x gmoU22.4 L x 39.94 g/gmol= 
1.90E+03 kg 

7.2.17 C-17 Deleted 

7.2.18 C-18 Deleted 
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7.2.19 C-19 MCO Welding/Grinding Waste 

Assume the following: 

mass of welding waste (beads and wire fragments) is 0.2 g/weld (private communication 
with T. A. Delucchi of COGEMA) 
one spool of weld wire [4 in dia x 2.0 in high, 2.0 Ib initial total wt, and 0.35 Ib final weight 
(2.0-1.65 lb = 160 g weld wire)] is used per MCO cover cap weld (private communication 
with T. A. Delucchi of COGEMA) 
4.5 weld rods (1/16 in dia x 36 in long) are used for each cover plate weld; 6 in lengths of 
weld rod (2.33 g/rod) result as waste (private communication with T. A. Delucchi of 
COGEMA) 
1 %% of MCOs (6 total) have a failed weld section ( I  in long) based on dye penetrant test 
and require grinding and rewelding; grinding and rewelding waste = 4.0 g per failed MCO 
weld (private communication with T. A. Delucchi of COGEMA) 
Welding beads, weld wire, weld rod, and weld grinding waste is steel with a density of 7.89 
g/cc. Spool is fabricated from plastic (private communication with T. A. Delucchi of 
COGEMA) 
The Port # 2 cover plate (5.5 in dia x 1 .O in) and 4 bolts (2.9 in long x 0.49 in dia) of the 
MCO shield plug are removed before welding of the cover cap in order to allow future 
access to the sample valve (Smith 1999, H-2-828048, Rev. 3, and private conversation with 
L. H. Goldmann of Fluor Hanford). Assume cover plate and bolts discarded to waste. 
The 100 psi pressure sending unit (3 in dia x 2 in high and 2.5 Ib) and readout unit (2.75 in 
dia x 1 in high and 0.5 Ib) in Port #1 of shield plug of monitored MCOs is replaced with a 
600 psi sending unit before welding cover cap. The 100 psi pressure units are discarded to 
solid waste. Pressure unit size is based on private communication with D. G. Douglas of 
Vista Research Inc. 

Mass of welding waste = 0.2 g/weld x 6 welds/MCO x 398 MCOs = 478 g 
Mass of weld wireirod waste = (160 g unused wire + 10 g unused weld rod/MCO) x 398 MCOs 
= 6.77E+05 g = 6.773+01 kg 
Mass weld spool waste = 60 g plastic spool/MCO x 398 MCOs = 2.39E+01 kg 
Volume of weld spool waste = (4 in dia x 2 in high = 412 cc/MCO) x 398 MCOs = 1.64E+05 cc 
= 1.64E-01 m3. 
Volume unused weld rod = 1/16 in dia x 6.0 in long x 4.5 rods/MCO x 398 MCOs = 

33 in3 = 5.433-04 m3 
Volume of cover plate = 5.5 in dia x 1 in x 398 MCOs = 9.45+03 in3 = 1.55E-01 m3 
Volume of bolts = 0.49 in dia x 2.9 in long x 4 bolts/MCO x 398 MCOs = 8.70E+02 in3 = 

1.43E-02 m3 
Volume of 100 psi pressure sending units = 3 in dia x 2 in higWMCO x 6 MCOs = 85 in3 = 

1.39E-03 m3 
Grinding and reweld waste mass = 4.0 g/failed MCO weld x 6 failed MCO welds = 24 g 
Mass of cover plate = 7.0 Ib/MCO x 398 MCOs x 454 g/lb x 0.001 kg/g = 1.263+03 kg 
Mass ofcover plate bolts = 1.29E-01 Ibholt x 4 bolts/MCO x 398 MCOs x 454 g/lb x 0.001 kg/g 
= 9.323+01 kg 
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Volume of 100 psi pressure readout units = 2.75 in dia x 1 in high x 6 MCOs = 36 in3 = 5.84E- 
04m3 
Mass of 100 psi pressure sending units = 2.5 Ib/MCO x 6 MCOs x 454511b x ,001 kg/g = 6.81 kg 
Mass of 100 psi readout units = 0.5 IbMCO x 6 MCOs = 3.0 lb = 1.4 kg 
Welding waste mass steel = 0.48 kg + 67.7 kg + 0.024 kg = 6.823+01 kg 
Mass MCO cover platebolts = 1.26E+O3 kg + 9.32E+01 kg = 1.353+03 kg 
Mass plastic weld spool = 2.393+01 kg 
Waste mass total = 68.2 kg + 1.35E+03 + 23.9 kg +6.8 kg + 1.4 kg = 1.453+03 kg 
Waste volume = 1.64E-01 m3 + 5.43E-04 m3 + 1.55E-01 m3 + 1.43E-02 m3 + 1.39E-03 m3 + 
5.84E-04m3= 3.353-01 m3 
Average density = 1.45E+03 kg/3.35E-01m3 = 4.33E+03 kg/m3 = 4.33 g/cc 

7.2.20 C-20 MCO Weld Preparation and Examination Waste 

Assume 2 kg/MCO of solid waste from weld preparation and examination. Assume there will be 
no liquid. Solid waste density is assumed as 0.6 g/cc before and after use. 

Total solid mass = 2 kg/MCO x 398 MCOs = 796 kg 
Total solid volume = 796 kg/0.6E03 kg/m3 = 1.33 m3 

7.2.21 C-21 Welded MCO to Interim Storage 

There is no change within the MCOs during welding. Before removal of the weld sealed MCO 
from the weld station, a magnetic pressure readout unit is installed in the cover cap of all 398 
MCOs. The sludge content of the 392 MCOs from direct welding and six monitored MCOs has 
been adjusted to two yr of interim storage. This adjustment is based on radiolysis of the hydrated 
oxide (See Stream C-12 for description of radiolysis) and helium reinerting. The below 
calculations are for the 392 MCOs going directly to welding. Total for Stream C-21 is sum of 
Stream C-52 for six monitored MCOs and below calculations for 392 direct welded MCOs. 

Remaining AI(OH)3 = 0.995 x 271 kg = 269.5 kg or 6.88E-01 kg/MCO 

Amount A1203 produced = 0.005 x 271 kg AI(OH)3/(78 gigmol) x 1 gmol A1203/2 gmol AI(OH)3 
x 102 g Al203/gmol= 8.863-01 kg or 2.26E-03 kg/MCO 

Amount hydrogen produced = 0.005 x 271 kg AI(OH)3/(78 dgmol) x 3 gmol H2/2 p o l  AI(OH)3 
x 2 g Hz/gmol= 5.213-02 kg H2 or 1.33E-04 kg H*/MCO 

Amount of new UO2 produced = .005 x 271 kg AI(OH)3/(78 g/gmol) x 1.5 gmol U02/2 gmol 
AI(OH)3 x 270 g UO2/gmol= 3.523+00 kg UO2 or 8.98E-03 kg/MCO 

Remaining U02(0H)2 = 0.94 x 948 kg = 8.91E+02 kg or 2.27E+OO kgiMC0 

Amount U 0 3  produced = 0.06 x 948 kg U02(OH)2/304 g/gmol x 1 gmol UO3igrnol U02(OH)2 x 
286 g/gmol U 0 3  = 5.31E+01 kg or 1.36E-01 kg/MCO 
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2.75E+O1 kg same as Stream C-6 
3.72E+02 kg same as Stream C-6 

F e ( 0 H 13 

u H 3  
U04.4HzO = 0.00E+00 kg same as Stream C-6 
U04.2HzO = 9.45E+02 kg same as Stream C-6 

Amount of new U02 produced = 0.06 x 948 kg U02(OH)2/304 g/gmol x 0.5 gmol Odgmol 
U02(OH)2 x 1 gmol UO2/gmol02 x 270 g U02/gmol= 2.523+01 kg or 6.44E-02 kg/MCO 

Total U02 in 392 MCOs = 1.24E+02 kg (C-6) + 3.5E+00 kg + 2.52E+01 kg = 1.533+02 kg or 
3.90E+01 kg/MCO 

Amount hydrogen produced = 0.06 x 948 kg U02(OH)2/304 g/gmol x 1 gmol H2/gmol 
UOz(OH)2 x 2 g Hz/gmol= 3.743-01 kg 

Total hydrogen produced from radiolysis of Al(OH)3 and U02(0H)2 in 392 direct welded MCOs 
= 5.21E-02 kg + 3.74E-01 kg = 4.263-01 kg = 2.13E-01 kg mol 

Total hydrogen produceddirect welded MCO from radiolysis of Al(OH)3 and UOz(0H)z = 

4.26E-01 kg/392 MCOs = 1.09E-03 kg = 5.433-04 kg mol 

Determine hydrated oxide water resulting from decomposition of Al(OH)3 and U02(OH)z 

Free water/MCO at time zero based on 6.0 vol % H2 = 1.64E+02 g = 9.1 1E+0O gmol (see Stream 
IC-003) 

Amount of H2/MC0 at time zero = 1.9783+00 gmol H2IMCO (See Stream IC-003) 

Amount of H2/MC0 at two y = 0.08 x 3 1.0/0.92 = 2.6963+00 gmol H2/MCO based on Duncan 
and Plys (1998) and Pajunen (2000) 

Change of H2 from time zero to two years with correction for decomposition of hydrated oxides 
= 2.696E+00 gmol-l.978E+00 gmol - 5.43E-01 gmol= 1.75E-01 gmol H*/MCO 

Determine amount of free water equivalent to change of H2 value 

1.75E-01 gmol H2 x 1 gmol H2Oigmol H2 x 18 g H*O/gmol= 3.153+00 g H20/MCO 

Water remaininddirect welded MCO at 2 yr = 1.64E+02 - 3.153+00 = 1.61E+02 g 

Water remaining in 392 direct welded MCOs = 1.61E+02 g/MCO x 392 MCOs = 6.31E+04 g = 

6.313+01 kg 

Amount of hydrogen at two yr in 392 MCOs = 2.696 gmol/MCO x 392 MCOs x 2 g/gmol x 
0,001 kg/g = 2.1 1E+00 kg 

- - 

- - 
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Pressure of welded MCOs = nRT/V = (2.696 gmol Hz + 3 1 .0 p o l  He) x 0.082 L atm/gmol K x 
333 W500 L = 1.84 atm = 27.0 psia = 1400 torr 

7.2.22 C-22 He Gas Supply 

Helium gas is supplied for the following operations: back gas during welding, weld testing, 
sample cart equipmentihose purging, sample cart pressure decay test, dilution of the MCO 
internal gas when released to the exhaust system, MCO reinerting (sampling and pressure unit 
replacement for monitored MCOs), and inerting of the MCO over pack storage tube(s). Assume 
the following: 

Piping from He supply source to sample/weld station, purge cart station and receiving pit has 
been initially charged with He to required pressures 
He is supplied at 10 standard f t 3 h  as back gas during the 4 passes for cap welding and 1 of 2 
passes for plate cover welding (0.5 hdpass for each weld - private communication with T. A. 
Delucchi of COGEMA) 
- He = 10 ft3/hr x 5 weld passes/MCO x 0.5 hr/weld pass x 398 MCOs = 9,500 std ft3 
He is supplied at 10 ft3/hr for weld testing of the cap and plate cover (private communication 
with T. A. Delucchi of COGEMA); cover cap void space is estimated at 3.4 ft3 
- He = 3.4 ft3/MC0 x 4 circumference weld testsiMCO x 398 MCOs = 5,400 std ft3 
He is supplied for purging and pressure testing of the MCO sample cart piping, dilution of 
MCO gas before discharge to the ventilation system (dilute the Hz to 2.0 vol. % (< 25 % of 
8.7 vol. % flammability limit of H2 in Table B-4 of Piepho and Rittmann (1999)) in order to 
meet NFPA 69 requirements), reinerting of the monitored MCOs (FDI 1999, FH 1999) and 
reinerting of monitored MCOs after replacement of the 100 psig pressure sending units. 
Allow 6,000 std ft3 of helium per MCO sampled (8 times) and pressure unit replacement. 
This results in a total predicted helium usage of 36,000 std ft3 for the monitored MCO 
operations. 
Estimated total He usage for normal operations = 9,500 + 5,400 + 36,000 = 50,900 std ft3 - 
51,000 std ft3 = 1.443+03 m3 
He is supplied for inerting the over pack storage tube; the inerting of an overpack storage 
tube is an off normal event and is not included in this PFD calculation. 
The total mass of supply helium is calculated below: 
- Mass of He used = 1.44E+03 std m3 x 1000 L/m3 x 273 W288 K x gmo1/22.4 L x 4 

g/gmol x 0.001 kg/g = 244 kg 

7.2.23 C-23 Monitored MCO Exhaust Gas 

The internal gas of the six monitored MCOs will be sampled eight times during a two-year 
period. After sampling and before welding, the 100 psi pressure sending and readout units of the 
monitored MCOs are replaced with a 600 psi pressure sending unit. The MCO gas is exhausted 
through the sample cart and diluted with helium before entering the building ventilation system. 
There are no predicted gas constituents at this time except helium and hydrogen. Allow 36,000 
std ft3 of helium for sampling six monitored MCOs eight times and pressure unit replacement. 
Off normal MCO sampling is recovery action and is not included in this estimate. 
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Estimated volume MCO internal gas loss to exhaust system: 
- sampling (based on Stream C-12) = [(7.56E-03 kg Hd(2 g/gmol) + 2.23E-01 kg He44 

g/gmol) = 5.95E-02 kg mol] x 1000 g/kg x 22.4 Ligmol x m3/1000 L x 288 W273 K= 
1.41E+01 std m3 = 50 std ft’ 

- Pressure unit replacement 

x p” = 80 std 9 3  
(27.0-14.7psia)(SOOLIMCO) x 6 MCOs 22.4L 288K 

X- X- 
(0.082 Latmlgmol x 14.7 psialatm x 333K) gmol 273K 28.3L 

- Total MCO internal gas loss = 50 std ft’ + 80 std ft3 = 130 std ft3 

MCO sampling (see C-12) = 2.23E-01 kg 
Mass of He exhausted in MCO internal gas from sampling and pressure unit replacement: 

- 
- Pressure sending unit replacement 

- Internal MCO helium exhausted = 2.23E-01 kg + 3.44E-01 kg = 5.67E-01 kg 
Mass of hydrogen exhausted in MCO internal gas: 

- 
- Pressure sending unit replacement 

MCO sampling (see Stream C-12) = 7.563-03 kg 

(27.0-14.7 ps ia )x  500LIMCO x 0.063 H Z  x 6 MCOs x 2 glgmol x 0.001 k g i g  
(0.082 LatmlgmolK x 14.7 psialatm x 333K) 

= 1.1630-02 kg 

- 

Total He exhausted during MCO gas sampling and pressure unit replacement = 36,000 std ft’ 
= 1.02 std m3 = 1.72+01 kg 

Internal MCO hydrogen exhausted = 7.56E-03 kg + 1.16E-02 kg = 1.92E-02 kg 

7.2.24 C-24 Deleted 

7.2.25 C-25 Annex Room Air to Weld Station Exhaust 

Annex room air will be the total airflow through the filter system AH-006. Capacity of the AH- 
006 filter is 500 scfm based on FDI (1999a) and H-2-127455, Rev. 2A. Based on 290 min of 
weld station usagelMC0 (block flow diagram steps 3-16, 3-17, 3-18, 3-24,3-25,3-36, 3-40, 3- 
41, and 3-42 ofH-2-123400, Rev. H)) 160 min/MCO for sampling (steps 12-1 through 12-9 of 
H-2-123400, Rev. H), and 60 min/MCO pressure unit replacement, the weld station exhaust is: 

Weld station exhaust volume = 500 scfm x (290 min/MCO x 398 MCOs + 160 min/MCO x 48 
MCOs + 60 min/MCO x 6 MCOs) = 6.17E+07 std A3 (1.74E+06 m3). 

- Annex room air volume = 6.17E+07 ft’ - 36,000 A’ He (Stream C-23) ~ 39,800 A3 Ar 
(Stream C-16) = 6.16E+07 ft’ (1.74E+06 m3) 
Annex room exhaust air mass = 6.16E+07 ft3 x 273 W288 K x 28.3 Llft3 x gmo1122.4 L x 
28.97 gigmol x 0.001 kg/g = 2.143+06 kg 

- 
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7.2.26 C-26 Filtered Weld Station Offgas 

The weld station offgas is composed of the annex room air, helium, and argon welding gases. 
The total volume is determined by the filter capacity of 500 scfm based on FDI (1999a) and H-2- 
129455, Rev. 2A, and usage times of 290 min/MCO for welding and 160 min/MCO for sampling 
(H-2-123400, Rev. H). 

The weld station exhaust volume = 6.16E+07 std ft3 (1.74E+06 m3) based on Stream C-25. 
Mass helium exhausted from sampling, pressure unit replacement, and welding = 1.72 E+02 
kg (Stream C-23 sampling and pressure unit replacement) + [(9500 + 5400 std ft3 from 
Stream C-22 welding supply)] x 273 W288 K x 28.3 L/ft3 x gmo1/22.4 L x 4 g/gmol x 0.001 
kgig = 2.443+02 kg 

The total mass is the sum of the air, helium, hydrogen, and argon gases. 

The weld station exhaust mass = 2.14E+06 kg air (Stream C-25) +2.44E+02 kg He + 7.56E- 
03 kg Hz (Stream C-12) + 1.16E-02 kg Hz (Stream C-23) + 1.90E+03 kg Ar (Stream C-16) = 

2.143+06 kg 

7.2.27 C-27 Weld Station Spent HEPA Filter Waste 

Weld station filter Stream C-27 contains the AH-006 prefilter and HEPA filter. The dimensions 
are 12 in x 24 in x 2 in for the prefilter and 12 in x 24 in x12 in for the HEPA filter based on FDI 
(1999a). Assume the prefilter weight is 6 Ib. and the HEPA filter weight is 25 lb. The spent 
filters are assumed to weigh the same as the original filters. At this time there is no information 
available on change out frequency of the exhaust filter. 

7.2.28 C-28 Replacement Filters for Weld Station 

See Stream C-27 for description. 

7.2.29 C-29 Clean Empty Cask 

The clean empty transport cask is ready to receive a new empty MCO. No mass balance 
required. 

7.2.30 C-30 Cask Decontamination Material 

Assume decon material of 2 kg/MCO and density of 0.6 kgiL. The amount of the decon 
material for 398 MCOs is listed below. 

Mass of cask decon material = 2 kg/MCO x 398 MCO = 796 kg 
Volume of cask decon material = 796 kgi0.6 kg/L = 1326 L (1.33 m3) 
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Stream Mass,kg 
C-19 1,445= 
c-20 796 
C-32 796 
c-34 1 08 
C-51’ 0 

7.2.31 C-31 Empty Transport Cask 

The empty transport cask is surveyed for contamination before loading with a new, empty MCO. 
No mass balance required. 

7.2.32 C-32 Cask Decontamination Waste 

Volume, mJ Waste Container 
0.33 55 gal drum 
1.33 55 gal drum 
1.33 55 gal drum 
0.18 55 gal drum 

0 55 gal drum 

Assume there is no change in volume and weights of decon material after use. See Stream C-30 
for description. 

7.2.33 C-33 Miscellaneous Decontamination Material 

Total 3,145 

Assume the 6 monitored MCOs require decontamination material during the 2-year monitoring 
period and pressure unit replacement. Based on a decon material weight of 2 kg/MCO and 
density of 0.6 kg/L, the amount of miscellaneous decon material for the monitored MCOs is 
listed below. 

3.17 

Mass of monitored MCO decon material = 2 kg/MCO x 48 (6 x 8) MCO monitoring events 
+ 2 kg/MCO x 6 pressure unit replacements = 1 08 kg 
Volume of monitored MCO decon material = 108 kgl0.6 kg/L = 180 L (0.18 m3) 

7.2.34 C-34 Miscellaneous Decontamination Waste 

Assume there is no change in volume and weights of decon material after use. See Stream C-33 
for description. 

7.2.35 C-35 Accumulated Solid Waste 

Accumulated solid waste is listed in Table 7.2.7 
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c-34 

7.2.36 C-36 Packaged Solid Waste 

The solid waste will be packaged into 55-gallon drums or burial boxes. See Stream C-37 for 
number of drums and Stream C-49 for number of burial boxes. The filled drums and burial 
boxes are transported to solid waste disposal. 

7.2.37 C-37 Solid Waste Drums 

0.18 

Table 7.2.8 is based on information in Stream C-35 

Total 

Table 7.2.8 Solid Waste Disposed in Drums 
Stream I Volume, m' 
c 3 

3.17 

_ ' -  19 0.31 

c-32 1.33 

Stream c-47 
Air, kg 0 

Helium, kg 0 

Argon., kg 0 
Total, kg 0 

Hydrogen, kg 0 

C-26 Total 
2.14E+06 2.143+06 
2.44E+02 2.443+02 

1.90E+03 1.90E+03 
2.06E+06 2.143+06 

1 .92E3-02 1.923-02 

Assume the 55-gallon drums are filled to an 80 % maximum capacity (0.17 m3). 

7.2.38 C-38 Cask Service System and Weld Station Exhaust 

The capacity of the cask service offgas system (Stream C-47) is 5 scfm based on design capacity 
of HEPA exhaust filter FH-2. The design capacity of the weld station exhaust system (Stream C- 
26) is 500 scfm. The offgas flowrate is equivalent to Stream C-26 because Stream C-47 is used 
for off normal conditions. The Stream C-26 information is summarized below. 

Minimum number of empty 55-gallon waste drums = 3.17 m3/(0.17 m3/drum) = 19 

7.2.39 C-39 MHM Ventilation Exhaust 

The air flowrate of the MHM extract system is 800 scfm based on the capacity of MHM exhaust 
fan (private communication with C. E. Swenson of Fluor Hanford). The design capacity of 
prefilter PF-I and HEPA exhaust filter HF-1 is 1,000 scfm. The MHM ventilation system is 
operated during movement of the MCOs. The following times are required for loading, transfer, 
and unloading of the MCOs by MHM. 



SNF-5741, Rev. 0 

4.0 hr to transfer each monitored MCO (6 total) from transport cask to standard storage 

- MHM extract system air volume = 4.0 hr/MCO x 60 min/hr x 800 scfm x 6 MCOs = 

. I .  15E+06 std ft3 (3.25 E+04 m3) 
3.2 hr to transfer each MCO (392 total) from transport cask to sampleiweld station (steps 2- 
22 thru 2-27 and 3-1 thru 3-4 of H-2-123400, Rev. H) 
- MHM extract system air volume = 3.2 hr/MCO x 60 minihr x 800 scfm x 392 MCOs 

=6.02E+07 std ft3 (1.70 E+06 m3) 
3.8 hr to transfer each MCO (392 + 6 x 8 = 440) from sample weld station to standard 
storage tube (steps 12-15 thru 12-19 and 13-1 thru 13-6 ofH-2-123400, Rev. H) 
- 3.8 hr x 60 midhr x 800 scfm x 440 MCOs = 8.03 E+07 std ft3 (2.27 E+06 m3) 
3.6 hr to transfer each monitored MCO (6 x 8 = 48) from standard storage tube to sample 
weldistation for sampling and welding after 81h sample (steps 14-3 thru 14-10 and 3-1 thru 
3-4 ofH-2-123400, Rev. H) 
- 3.6 hr/MCO x 60 minihr x 800 scfm x 48 MCOs = 8.29 E+06 std ft’ (2.343+05 m3) 
5.25 hr to transfer and place each intermediate impact absorber in the standard storage 

- 

Total volume air exhausted by MHM extract system during MCO transfers = 1.993+08 
std ft3 (5.623+06 m3) 
Total mass air exhausted by MHM extract system during MCO transfers = 1.99E+08 std ft3 
x 28.3L/ft3 x 273 W288 K x gmo1122.4 L x 28.9 g/gmol x 0.001 kg/g = 6.893+06 kg 

tube (steps 2-22 thru 2-27 and 4-1 thru 4-6 of H-2-123400, Rev. H) 

tubes (Steps 9-3 thru 9-18 ofH-2-123400, Rev. H) 
5.25 hriMCO x 60 m d h r  x 800 scfin x 198 intermediate impact absorbers = 4.99E+07 
std ft’ (1.41E+06 m3) 

7.2.40 C-40 Replacement Filters for MHM 

The MHM extract filter system PF-l/HF-1 consists of one prefilter and one high efficiency filter. 
The PF-I filter is 12 in x 24 in x 2 in and weighs and estimated 6 Ib. The HF-1 filter is 12 in x 
24 in x 11.5 in and weighs 40 Ib (private communication with C. E. Swenson of Fluor Hanford). 
There is no information available at this time on change out frequency of the MHM filters. 

7.2.41 C-41 Spent Filters From MHM 

There are no changes in the filter mass and volume of the MHM extract system filters. See 
Stream C-40 for description. 

7.2.42 C-42 Operating Area Ventilation Exhaust 

The total volume of gas exhausted to the stack is determined by the design capacity of the PF- 
001/002 filters. Each filter has a capacity of 9,000 scfm (Flanders 1997 and H-2-129580, Rev 
3). Based on a two year-operating period, the amount of gas exhausted to the environment is 
listed below. 
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s Volume gas discharged to environment based on 2 yr operation = 9,000 scfm x 2 yr x 365 
day& x 24 hr/day x 60 min/hr = 9.46E+09 std ft3 air (2.68E+08 m3) 
Mass of gas discharged to environment based on 2 yr operation = 9.46E09 std ft3 air x 28.3 
L/ft3 x 273 W288 K gmoV22.4 L x 28.9 g/gmol x 0.001 kg/g = 3.273+08 kg 
Mass of other air from operating area and support building based on 2 yr operation = 3.27E+08 
kg ~ 2.14E+06 - 6.89E+06 kg = 3.18E+OS kg 

7.2.43 C-43 Spent HEPA Filter From Operating Area 

There is no change in mass or volume of the operating vault filters. See Stream C-44 for 
description. 

7.2.44 C-44 Replacement HEPA Filter for Operating Area 

Filter system PF-001/002 each consists of nine prefilters and nine HEPA filters based on 
Flanders (1997). The size of the prefilters is 24 in x 24 in x 2 in. The size of the HEPA filters is 
24 in x 24 in x 11.5 in. Assume prefilters weigh 12 lb each and HEPA filters weigh 40 lb each. 
The design capacity is 9500 scfm and normal operation is 9,000 scfm. There is no information 
available at this time on change frequency out of the operating vault filters. 

7.2.45 C-45 Spent HEPA Filters From Support Building 

There is no information available at this time on change out of these filters. See Stream C-46 for 
description. 

7.2.46 C-46 Replacement HEPA Filters for Support Building 

Filter system AH-004 consists of one prefilter and one HEPA filter. The prefilter is 24 in x 24 in 
x 2 in and the HEPA filter is 24 in x 24 in x 11.5 in based on DE&S (1997). Assume the 
prefilter weighs 12 Ib and the HEPA filter weighs 40 lb. The filter design capacity is 920 scfm 
(H-2-129587, Rev. 3). 

7.2.47 C-47 Cask Service Exhaust System 

Cask servicing is an off normal condition and there is no predicted exhaust air or waste. The 
FH-2 HEPA filter design capacity is 5 scfm. The filter weights 66 lb and measures 28 in flange 
to flange based on Fairey (1 999a). 
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7.2.48 C-48 Solid Waste Burial Boxes 

The waste boxes are used for disposal of the filters from Streams C- C-27, C-41, C-43 an~ C- 
45. Information on replacement of these filters, size of the disposal boxes, and number of burial 
boxes is not available at this time. See Stream C-49. 

7.2.49 C-49 Accumulated Filter Waste 

Information on replacement of the exhaust filters for these streams is not available at this time. 
Filter replacement depended on pressure drop and radiation dose rate. 

Table 7.2.11. Burial Box Waste 

7.2.50 C-50 Replacement Sample HEPA Filter 

The FH-9 sample HEPA filter for MCO gas sampling is 6.6 in outside diameter by 12 in long 
and weights an estimated 29 lb based on Fairey (1999). There is no information available at this 
time on change out frequency of this filter. The design capacity is 33 scfm. 

7.2.51 C-51 Spent HEPA Filter from Sample Hood 

There are no changes in the filter mass and volume of the sample HEPA filter. See Stream C-50 
for description. 

7.2.52 C-52 Helium Reinerted Monitored MCOs to Welding 

The monitored MCOs are vented, purged with helium, low range pressure sending unit replaced, 
reinerted with helium to the same pressure, and leak checked before welding. The MCO gas is 
diluted with helium and vented to the sample hood exhaust through the sample cart. 
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Table 7.2.12 Stream C-52 (After Pre 
$tream Number 
lescription 
'hase 
Vumber of Items 
tem Count Basis 
volume, m3 
lensity, g/cc 
'ressure, Torr 
remperature, "C 
Zomponents, kg 
;uel 

Uranium 
Plutonium 

Other 

A 1 ( 0 H 13 

A1203 
Fe(OH)3 

U02(0H)2 
U044Hz0 
U042H20 

Sludge 

uo2 
UH3 
uo3 

Stainless Steel 
Aluminum 

Other 

Solids 

Water 
Air 
Other Gases 

Argon 
Hydrogen 

-Helium 
Total Mass, kg 

Ire Sendinmeadout Unit Replacement) 

Helium Reinerted Monitored MCO to Welding 
SIG 

6 
MCO 

C-52 

1400 
60 

3.39E+04 
3.15E+04 
6.1 8E+OI 
2.37E+03 

4.13E+00 
1.15E+01 

1.35E-02 
4.21E-01 
1.36E+01 
0.00E+00 
1.45E+01 
2.34E+OO 
5.70Ei-00 
8.18E-01 

0.00E+00 
0,00E+OU 
0.00E+OU 
O.OOE+OO 

9.66E-01 
0.00E+00 
7.94E-01 

0.00E+OO 
1.38E-02 
7.80E-01 

3.39E+04 

Mass H2 and He inside monitored MCOs after venting for pressure unit replacement: 

1 atm x 500LIMCO x 6MCOs x 0.937 He = 1,03E + o2 gmo, 
He mass = 

(0.082 Latmigmol K x 333 K )  
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Mass He inside monitored MCOs after He reinerting for pressure unit replacement: 

(1.10E+02gmol H ,  &He+Headded)x0 .082  Latmlgmol K x333 K 
(500 L/MOCO x 6 MCOs x atm/l4.7psza) 

27.0 psia = 

Mass He added for reinerting = 9.1 8E+01 gmol 
Total He mass = 1.03E+02 gmol+ 9.18E+01 gmol = 1.95E+02 mol= 7.8E-01 kg 

7.2.53 C-53 MCO Pressure Units 

A supply of 600 psi pressure sending units for the monitored MCOs and 600 psi pressure readout 
units for all welded MCOs will be stored at the warehouse and delivered to the CSB by truck. 
There is no change of material balance inside the MCO. Pressure unit size and weight are based 
on Douglas and Oh1 (1999) and private communication with D. G. Douglas of Vista Research, 
InC. 

600 psi sending units for six monitored MCOs 

- Approximate Volume = 6 MCOs x (3.0 dia x 2.0 in h)/unit x 1 unit/MCO = 

8.48E+01 in3 
Weight = 6 MCOs x 2.19 Ib/unit x 1 unit/MCO = 1.31E+01 Ib - 

600 psi readout units for all 398 MCOs 

- Approximate Volume = 398 MCOs x (2.7 in dia x 0.937 in h)/unit x 1 unit/MCO = 
2.13E+03 in3 
Weight = 398 MCOs x 0.38 Ib/unit x 1 unit/MCO = 1.51E+02 Ib 

Total volume = 8.48E+01 in3 + 2.13E+03 in3 = 2.21E+03 in3 = 3.63E-02 m3 
Total weight = 1.31E+01 Ib + 1.51E+02 Ib = 1.64E+O2 Ib = 7.44E+01 kg 

7.2.54 IC-083 Filtered and Monitored Exhaust From CSB 

See Stream C-42 for description 

7.2.55 IC-OS5 CSB Support Solid Waste 

See Stream C-36 for description. 

7.2.56 IC-087 New MCO Shell for Cask Loading 

A small supply of new, empty MCOs in shipping crates will be delivered by truck from the 
warehouse to CSB. These MCOs will be unpacked and stored at the CSB until loaded into an 
empty transport cask and transported to the K Basins. The empty shipping crates are returned to 
the vendor. Size and weight of the new, empty MCOs are based on Drawing H-2-828041, Rev. 
4, and private communication with L. H. Goldmann of Fluor Hanford. 

- 

36 



SNF-5741, Rev. 0 

Approximate (storage) volume = 24 in dia x 157.4 in h = 7.12E+04 in3 
Average measured weight = 1942 Ib 

Total volume = 398 MCOs x 1.72E+04 in3/MC0 = 2.83E+07 in3 = 4.64E+02 m3 

Total weight = 398 MCOs x 19421b/MCO = 7.73E+05 Ib = 3.50E+05 kg 

7.2.57 IC-129 Liquid Effluents 

Condensate from the compressed air and ventilation systems is collected in the SU-1 and SU-2 
sump and loaded into a 55 gallon drum for sampling and disposal. Contaminated condensate is 
transported to the LERF for disposal. Non contaminated condensate is discharged to the ground 
in accordance with SNF Project Process Standard 409 for maintenance type discharges. 

The AH-001 and AH-002 fans remain in operation continuously for operating area return air 
temperatures (TE-265) between 63°F and 82°F. When the return air temperature increases to 
82'F, condensing unit CU-001 (evaporator temperature = 52°F) will start and remain in 
operation. If the return air temperature increases to 85"F, condensing unit CU-002 (evaporator 
temperature = 52°F) will start and remain in operation in order to hold the return air temperature 
constant. As the cooling load decreases, the operation of CU-002 and CU-001 ceases (Notes on 
H-2-129582, Rev. 3). Table 7.2.13 lists the monthly average psychrometric data between 1950 
and 1997 (Hoitink and Burk 1998). The months of July and August have the highest dry and wet 
bulb temperatures. The monthly average dew point temperatures are less than the 52°F 
evaporator temperature of CU-001 and CU-002. Therefore, no HVAC condensate is anticipated 
based on monthly average data. 

Additional data for extremes of monthly average psychrometric data show the highest dry bulb 
temperatures were 83.3"F in July 1985 and 82.5'F in August 1967. The highest wet bulb 
temperatures were 62°F in July 1985 and 61°F in August 1991. 

Based on July 1985 extreme averages and an air handler evaporator temperature of 52'F, cooling 
of the operating area air would increase the relative humidity from a value of about 31% to near 
100%. The moisture in the air would remain at about 0.008 Ib water/lb dry air producing very 
little HVAC condensate at the extreme average conditions. 

Information on compressed air requirements and resulting condensate is based on an average 
flowrate of 40 sefm (FDI 1996) and monthly average psychrometric data. The results are 
summarized in Table 7.2.14. 
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~ r y  air volume = V/n =RT/P ft3/1b 

Lb H2O/lb dry air is estimated from thermodynamic properties of moist air at standard 
atmospheric pressure (Perry 1984) and the dew point temperature. 

Average H20 lb/ft3 = Ib HzO/lb dry aiddry air volume ft3/lb 

H2O into compressor/month (lb) = average H20 Ib/ft3 x 40 scfm x 60 min/hr x 24 hdday x no 
daysirnonth 

Annual average condensate from air compressor operation is estimated as 7.42E+03 lb/yr. 

Mass of condensate based on 2 yr of CSB operation = 2 yr x 7.42E+03 Ib/yr = 1.48E+04 Ib = 

6.743+03 kg 

Volume of condensate 6.74E+04 kd0.998 kg/L x 0.001 m3/L = 6.753+00 m3 
Number of 55 gallon drums at 80 % capacity = 6.75 m3/(55 gal x 0.8 x 3.78 L/gal) x 1000 L/m3 
= 41 

7.2.58 IC-233 MCO Cover Cap, Plug, and Plate 

A supply of cover caps, test plugs, and cover plates will be stored at the warehouse and delivered 
to the CSB by truck. The addition of these components do not change the material balance 
inside the MCO. Size and weight of the components are based on Drawing H-2-828042, Rev. 4, 
and private communication with L. H. Goldmann of Fluor Hanford. 

Canister Cover Cap 

- 
- 

Approximate (storage) volume = 25.3 in dia x 9.0 in h = 4.52E+03 in3 
Average measured weight = 500 Ib 

Cover Plate 

- 
- 

Approximate volume = 4.0 in dia x 0.38 in h = 4.8E+00 in3 
Average measured weight = 1 .0 Ib 
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TestPlug 

- 
- 

Approximate volume = 2.38 in dia x 2.75 in h = 1.22E+O1 in3 
Average measured weight = 2.0 Ib 

Total Volume = 398 MCOs x (4.52E+03 in3 + 4.8E+00 in3 + 1.22E+01 in3) = 1.81E+06 in3 

Total Weight = 398 MCOs x (500 Ib + 1.0 Ib + 2.0 Ib) = 2.00E+05 Ib = 9.08E+04 kg 

8.0 RESULTS 

= 2.96E01 m3 

Results of the calculations are shown in Appendix A and drawing H-2-825869, Rev. 2. 

9.0 CONCLUSIONS 

Drawing H-2-825869, Rev. 2 reflects the average design capacity and current processing 
strategy. 
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APPENDIX A 

MS Excel Spreadsheet Calculations 
For Development 

Of Drawing H-2-825869, Rev. 2 
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