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- PRELIMINARY DESIGN REPORT, SHIPPINGPORT SPENT FUEL DRYING AND
INERTING SYSTEM

Summary

A process description and system flow sheets have been prepared to support the design/build
package for the Shippingport Spent Fuel Canister drying and inerting process skid. A process
flow diagram was prepared to show the general steps to dry and inert the Shippingport fuel

- loaded into SSFCs for transport and dry storage. Flow sheets have been prepared to show the
flows and conditions for the various steps of the drying and inerting process. Calculations and
data supporting the development of the flow sheets are included.

Introduction

The Shippingport spent fuel stored in T Plant will be removed from the water storage pool,
drained and loaded into SSFCs for drying, inerting, packaging, shipping to the Canister Storage
Building (CSB), and dry storage (SNF-5809). There are 72 spent blanket fuel assemblies
(BFAs) to be packaged. Four selected fuel assemblies will be loaded into each of 18 canisters
for processing. The canisters are about 24 inches in diameter by about 160 inches long and have
a void volume of about 38.7 ft*. The BFAs will be selectively loaded into the canisters to
minimize exposure of operating personnel working near the canister during the drying and
inerting process. The high exposure BFAs will be loaded away from the drying and inerting port
position and the lower exposure BFAs will be loaded under the port position. The shield plug is
installed with a specific port having a plug valve for the drying and inerting process. Residual
free water associated with the BFAs, estimated to be 2.5 liters nominally (HNF-3043 Rev 1,
Attachment 1). Removal of larger volumes of water were evaluated during the design to verify
that temperatures remain above freezing with a somewhat larger than bounding amount of water
at more than twice the design flow rate; and to determine the drying times for the assumed
bounding volume of water at the design flow rate (HNF 6381). The water will be removed by
connecting the drying system to the drying and inerting port, evacuating the SSFC, backfilling
with helium, evacuating a second time and backfilling with helium a second time. The hydrated
water content of the BFAs is expected to be negligible. Pressure rebound testing will be used to
insure water removal and provisions are provided for gas sampling if needed to assure
satisfactory final conditions. The loaded canisters will be transported from T Plant to the CSB
for closure welding and long-term interim storage.

Process Description

A drying and inerting process flow diagram for the removal of water from the loaded SSFC is
shown in Figure 1. A gystem flow diagram is shown in Figure 2. The process flow diagram
(Figure 1) shows the major steps required to remove water from the fuel and backfill with an
inert gas in‘preparation for transport to and long term interim storage at the CSB. A minimum of
two evacuation and backfill operations are performed to insure that the water and oxidants are
removed to an acceptable level (SNF 5809 and NUREG 1536).
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Leakage Test for Port Connector Seal
After four BFAs are loaded into a SSFC the loading guide is removed, the shield plug and

locking ring are placed on the top of the canister and tightened down to make a seal with the
canister. The cover plate over the ported plug valve is then removed. The drying and inerting
flexible line is connected to the valve port. The port valve is in the closed position and the
vacuum pump is turned on to draw a vacuum on the line to the SSFC with the condenser valved
out. When the vacuum is established in the line, the vacuum pump isolation valve is closed and
the line pressure monitored for inleakage. If inleakage is detected such that the pressure
increases more than attributable to temperature change in about 15 minutes, additional leak
testing will performed to determine which seal needs improvement prior to retesting for
acceptability. When the leak test is satisfactory the SSFC is ready for water removal.

Initial SSFC Evacuation

When ready to start SSFC staged drawdown, the filters and hard run lines are heated to operating
temperature and the chiller water flow to the condenser and collection tank is started. The
vacuum system valving is lined up to allow the vacuum pump to draw a vacuum on the SSFC
through the condenser. The SSFC ported plug valve and vacuum pump isolation valve are
opened, the condenser is valved inline, and the condenser bypass valve is closed. The vacuum
pump is then started and the SSFC is evacuated by staged drawdown. Ballast gas (helium) is
bled into the vacuum pump for pump cooling and enhanced water removal in the lines and
components during evacuation.

When the SSFC vacuum pressure reaches less than 10 torr absolute, the condenser bypass valve
is opened and the two valves to the condenser are closed allowing the SSFC gases to go directly
to the vacuum pump. The vacuum in the SSFC is reduced to less than 3 torr by continued
vacuum pump operation.

When the SSFC vacuum is drawn down to less than 3 torr the vacuum drying process is
continued to the next step. If the SSFC vacuum of less than 3 torr cannot be obtained then
evaluations are needed to determine if inleakage needs improvement or if a modified evacuation
procedure is needed (eg. longer evacuation time or slower draw down time are needed, or
proceeding to the helium fill and re-evacuation step). When resolution is reached appropriate
action is taken to insure that the SSFC can be evacuated to less than 3 torr.

Second Evacuation and Rebound Test

When the first evacuation cycle has been completed, the valve to the vacuum pump is closed and

. the SSFC is backfilled with helium to atmospheric pressure. A second evacuation of the SSFC is
conducted to insure the water has been removed and to verify that the SSFC is in satisfactory

" condition to perform a pressure rebound test. When the SSFC has been evacuated to less than 3
torr the valve to the vacuum pump is closed. A rebound test is conducted to verify that water has
been removed from the BFAs by maintaining the vacuum of less than 3 torr for a 30 minute
period with the SSFC isolated from the vacuum pump. Upon successful verification of dryness
(negligible water), the SSFC is again backfilled with helium gas to a positive pressure of about 2
psig. A second rebound test and/or analysis for leaks and resealing of the system can be utilized,
if needed to meet the rebound test value. A gas sampling provision is available to validate that
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the cover gas purity requirement is met through the applied evacuation and rebound test
procedure.

The shield plug port valve is then valved off and the vacuum and inerting system is disconnected
from the SSFC. The port cover plate with sealing ring is installed over the plug valve. The
SSFC is then ready for a leak check

Description of Drying and Inerting System

The SSFC drying and inerting system is designed to remove water and oxidants from the loaded
canisters to allow sealing, shipping, and long term interim storage of the Shippingport BFAs in
canisters. An equipment arrangement of the drying and inerting system is shown in Figure 3 and
the piping and instrumentation diagram (P&ID) is shown in Figure 4. The drying and inerting
system consists of a vacuum pump, condenser, two sintered metal filters in series, a connection
to helium gas supply, and flexible line to allow connection of the system to the SSFC, The
system has manual operated control valves and instrumentation as shown in Figure 4. The
condenser and condensate collection tanks are cooled by a chiller as shown in Figures 2, 3, and
4. The condensate in the collection tank is drained to a transfer tank or other tank for eventual
disposal or recycle to the storage pool.

The vacuum pump is rated at 35 SCFM and is capable of pumping down to less than 0.1 torr
pressure. A ballast gas is supplied to the pump for cooling and enhanced moisture removal.

A condenser with chilled liquid coolant is used to condense the water vapor from the SSFC. A
water collection tank and a storage tank are included to collect the water and allow it to be
periodically removed as needed.

Two sintered metal filters are included at the receiving end of the system to remove any
particulates that may be entrained in the canister gases. The sintered metal filters are rated at
greater than 99.97 % removal efficiency for particulate at 0.3 micron or greater in diameter. The
clean filters have a pressure drop of 0.5 psi or less for a flow rate of 35 scfm. The sintered metal
filters are heated above 120 °F to prevent the formation of liquid within the filters and housing.

Pressure instrumentation calibrated from about 15 psig to 0.1 torr is used to monitor the
pressures,
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Flow Sheets

Flow sheets are presented for three stages of the vacuum drying process: bulk air removal, bulk
water removal, and final end point. The vacuum pump is assumed to be rated at 35 scfm flow.
Pump down curves were prepared for pumping down the SSFC at two flow rates using the
HANSF code (SNF-3650, 1999 and HNF-63381, 2000). Inputs to the code cases were one at 30
cfin and one at 15 cfm with the conservative assumption of about 3 kg of water as shown in
Figure 5. Times required for water removal were determined by the code to be about 3 hours for
the 30 cfin case and 5.5 hours for the 15 cfm pump down case.

Conductance losses through the SSFC head, filters, vacuum lines and condenser were not
modeled in these HANSF code runs. Estimated conductance losses were made for approximate
piping and equipment in the vacuum system. Pressure drops through the SSFC head, piping,
filters, and condenser are calculated based upon approximate characterization of anticipated
equipment in the vacuum system. These pressure drops are listed in Table 1 for head
penetrations of 0.6 inch diameter vertical, 1.0 inch diameter horizontal and the three port plug
valve, the use of 1 inch diameter tubing, two sintered metal filters rated at 33 acfm with a
pressure drop of about 0.25 psi each, and a condenser. Estimated conductance losses on
effective pumping speed from the SSFC for the approximated vacuum pumping system is shown
in Figure 6. Also included for comparison is the pumping speed for an assumed hypothetical
case of no conductance loss from the SSFC.

From these approximated conductance loss determinations, the HANSF case of 15 cfm appears
most applicable. More definite values can be determined as the equipment purchase orders are
placed (e.g. filter conductance could vary based upon final filters selected).

Flow times, mass of water removed, and ending SSFC pressure for the three stages of the
vacuum drying pump down are listed in Table 1 below. The system configuration for the various
stages and estimated flow conditions are shown in Figures 7, 8, and 9. - '

Table 1 Approximate Time and Water Removal Quantity for Pump Down Stages

Stage Approximate time | Mass Water Removed | Ending Pressure
(br) (kg) (Torr)

Bulk Air Removal 0.15 0.09 40

Bulk Water Removal | 5.25 3.15 10

Final State 0.1 0.01 3.0-0.1

Total - 5.5 3.25 NA

Calculations supporting the flow sheet stages are listed in Tables 2, 3, and 4 respectively.
Calculations shown in Table 2 support the Bulk Air Removal stage and lists the SSFC starting
pressure and temperature as atmospheric and 22 °C respectively. The 22 °C temperature was
chosen to be conservatively low since the higher the canister fuel and gas temperature the more
quickly the water is removed under vacuum. The initial SSFC temperatures is estimated to be
near room temperature but could vary depending upon the time of year in which the SSFC
loading occurs and holding time prior to processing.
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Figure 7 SSFC Vacuum Drying - Stage 1 - Bulk Air Removal

Heaters

Sampler/Gauges

Vacaum 3 Exhaust
1 P Pump I
K
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SSFC Backfill
Chiller Water
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Tank

Water

Transport

Container
%g 1 -- Bulk Air Removal 0.15 hr
Stream 1 2 3 4 5 B 7

Units
Temperatura ['C 22 5 140 _4 4 5 23
Pressure mmHg 760-40| 708-39 760 760
Water Vapor |mol % g._B -50]0.9-16.7 3.012
Alr mot % 97.4 - 50[99.1 - 83.3 89.6875
Hellum mol % 0 0 7.313 100
Total ave scfm 3.908 3.583 3.866
water vapor  |ave scfm 0.440 0.116 0.116
air ave scfm 3.466 3.466 3466
hellum ave scfm 0.000 0.000 0.283 0.28
Mass Flow Qut
water vapor  |kg 0.090 0.024 0.024
i kg 1.139 1.139 1.139
helium kg 0 0 0.013
water liquidlkg 0.066
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Filgure 8 SSFC Vacuum Drying .- Stage 2 Flow Sheet -- Bulk Water Removal

Sampler/Gauges
Heaters Vacuom 3 Exhaust
1 Elier ) > e >
K
Ballast
Gas
He 2
SSFC Backfill
Chiller ‘| water
i| Collection
Tank

Water

Transport

Container
Stage 2 -- Bulk Water Removal 5.25 hr
[stream ! 1 2 3 4 5 6 7

IUnIts
Temperature [C 22 4 140 4 4 5 23
Prossure mmHg 40-10 |39-9.8 760 760
Water Vapor _|mol % 50-100 |16.7- 100 1.758
Air mol % 50-0] 83.3-0 0.847
Halium mol % 0 4] 97.29 100
Total lave scim 0.442] 0.00786 0.291
water vapor  |ave scfm 0.440] 0.00511 0.00511
air ave scim 0.00275] 0.00275 0.00275
hellum ave acfm 0 0 0.28 0.28
Mass Fiow Out)
water vapor  |kg 3.15 0.0366 0.0366
air kg 0.0316 0.0318 0.0318
hellum Ikg 0 0 0.446
water liquid jkg 3.1
water liquid [gpm 4 4
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Figure 9 SSFC Vacuum Drying -- Stage 3 Fiow Sheet -- Final State
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SNF-6386 REV. 0

Calculations for stage 1 (Bulk Air Removal) are listed in Table 2 and support the calculations for
pumping the SSFC from atmospheric pressure down to 40 torr. The water vapor content of the
SSFC gas was obtained from Perry’s (1963) as a function of temperature assuming saturation.
The flow rate of gas from the SSCF by the 33 cfin rated pump is estimated from Figure 6 which
accounts for the conductance losses due to the filters, SSFC head restrictions, and other vacuum
system components. For the initial Bulk Air Removal - Stage 1 the vacuum pump pumping
speed is estimated to range from about 24 cfm at 760 torr to about 17 c¢fm at about 40 torr.
Piepho (HNF-6381) reports from his HANSF modeling work that this reduction in pressure
occurs within ten minutes for both the 30 cfim and 15 cfm cases that he modeled. The gas flow
rate out of the canister is estimated from the difference in initial inventory of air and water vapor
in the SSFC compared to the estimated amount at the 40 torr pressure. The water removal rate
from the canister for a flow of 15 cfm was determined from the HANSF code to be about 0.6 kg
per hour throughout the pump-down operation. The calculated flow rate in standard cubic feet,
mass of air and water, and mole percent of gases are calculated as shown in Table 2 and are
listed in the Figure 7 table for the streams of interest. Stream 2 constituents are calculated
assuming that the SSFC gas is cooled in the condenser to 5 °C and all of the air continues to flow
with the change in water vapor reduced to equilibrium at 5 °C. The initial and ending gas
pressures of stream 2 for stage 1 were calculated from the pressure losses listed in Table 5 using
the applicable flow rate. The average gas pressure out of the condenser was assumed to be about
200 torr as estimated from Figure 6. Stream 3 gases consist of the stream 2 gas plus the added
ballast gas of 2.11 scfi helium being added to the vacuum pump as recommended by a vendor.
The outlet temperature of the gases discharged from the vacuum pump is estimated to be about
140 °C as indicated by a vendor for this application. The water removed from the SSFC was
calculated to be about 0.090 kg and the amount condensed and collected is calculated to be about
0.066 kg during stage 1.

Stage 2 calculations for Bulk Water Removal support the removal of water from the SSFC
between the pressures of 40 torr and 10 torr for which water removal of about 0.6 kg/hour was
noted by the HANSF calculations for the 15 cfm case by Piepho. Stage 2 calculations are listed
in Table 3 and summarized in the Figure 8 table. The water removal time was determined to be
about 5.25 hours as shown in Figure 5 which corresponds to a pumping speed of about 15 ¢fm
for the pressure range of interest as shown in Figure 6 with conductance losses. The stream
component calculations for stage 2 are shown in Table 3 and were performed in a similar way as
for stage 1. The calculated water removed from the SSFC during stage 2 was 3.15 kg and 3.11
kg of this water was estimated to be collected as condensate.

Calculations for stage 3 final state are listed in Table 4 and summarized in the Figure 9 table.

The condenser is by passed for this stage and only about 6 minutes is required to pump the SSFC
pressure down to about 0.1 torr. The small amount of water vapor (~0.00013 kg) removed
during this stage passes through the vacuum pump. The helium ballast gas is maintained and the
calculations for this stage are similar to the other stages.

-17-



Case A

Case B

Case C

Case D

Case E

Table 5 SSFC Vacuum Drying System Pressure Drop Cases

Lines and fittings calculations based upon various diameter tubing calculations from Tables 3 and 4.

System Components with 2 Inch diam flex line

SSFC head penetration (0.609 inch dia hole 0.5 ft, 2 elbows)
Two inch dia. flex tubing (25 ft) from SSFC fo skid

3 one inch dia. ball valves (assume same as tubing)

10 one inch dia. Elbows (K=14F)

2 one Inch dia. Tees {branch flow K= 60fy)

6 inch dia. 0.3 micron filter (14.4 inch long)**

6 inch dia. 0.3 micron filter (14.4 inch long)**

10 ft length of one inch diameter tubing

Condenser***

Total Total

System Components with one inch dliam flex line
SSFC head penetration (0.609 inch dia hole 0.5 ft, 2 elbows)
One inch dia. flex tubing (25 ft) from SSFC to skid
3 one inch dia. ball vaives
10 one inch dia. elbows
2 one inch dia. tees
6 inch dia. 0.3 micron filter (14.4 inch long)™
6 inch dia. 0.3 micron filter {14.4 inch long)**
10 ft Ienggh of one inch diameter tubing
Condenser***
Total Total
System Components with one inch diam flex line
SSFC head penetration (1.0 inch diam hole 1 &, 2 elbows)
All other same as Case B

Total Total

System Components with two inch diam flex line and 1.0 Inch head penetration

All other same as Case B Total Total

System Components with one Inch diam flex line and smaller filters

SSFC head penetration (0.609 inch dia hole 0.5 R, 2 elbows)
One inch dia. flex tubing (25 ft) from SSFC to skid
3 one inch dia. ball valves
10 one inch dia. Elbows
2 one inch dia. tees
3.5 inch dia. 0.3 micron filter {13.9 inch long)
3.5inch dia. 0.3 micron filter (13.9 inch long)
10 ft length of one inch diameter tubing
Condenser***
Total Total

4/17/00
30 SCFM 15 SCFM

equiv feet'idelta P, psi (equiv feet’|delta P, psi
3 0.381 3 0.095
0.006 0.002

1 0.009 1 0.002

13 0.117 13 0.029
10.2 0.092 10.2 0.023
0.207 0.052

0.207 0.052

0.090 0.001
0.141 0.035

1.249 0.291

3 0.381 3 0.095
0.225 0.056
1 0.009 1 0.002
13 0.117 13 0.029
10.2 0.092 10.2 0.023
0.207 0.052

0.207 0.052

0.090 0.022
0.141 0.035
1.488 0.367

4 0.036 4 0.009
1423 0.231
( 0.904 0.204
3 0.190 3 0.095
0.225 0.056

1 0.008 1 0.002

13 0.117 13 0.029
10.2 0.092 10.2 0.023
1.325 0.331

1.325 0.331

0.162 0.022

0.141 0.035

3.586 0.926

* Equivalent lengths of pipe in feet from Crane {Technical Publication 410) page A-29 and A-30. The equivalent
lengths of components were estrimated from Crane and related to the pressure drop per foot of the respective line

diameter.
** See filter calculation from vendor data
*** See condenser calculations form vendor data

~1% -
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Table 5 SSFC Vacuum Drying Systam Pressure Drop Cases (Continued)

Calculations to estimate pressure drops across proposed filters and condenser for 30 scfm and 15 scfm

based upon vendor supplied ratings. Pressure drops across the filters and condensers at the desired flow rates
were determined by ratioing the square of the velocities to the pressure drop value for the vendor supplied data to
those for the desired flow rates.

Filters Condenser
A (6 " dia.) 0.25 psi at 33 acfm (vendor data) 0.0696 psi at 21.05 ¢fm {vendor data)
0.207 at 30 acfm (Calculated) 0.141 at 30 cfm {calculated)
0.052 at 15 acfm (calculated) 0.035 at 15 cfm (calculated)

B (3.5 " dia) 0.23 psi at 12.5 acfm {(vendor data)
1.325 at 30 acfm (caiculated)
0.331 at 15 acfm {calculated)

SuF-6386,
-19- 20
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Summary and Conclusions for Flow Sheet Development

Calculations for SSFC vacuum drying pressure drops for various tubing diameters, head
penetrations, and filters are summarized in Table 5. Supporting calculations are shown in Tables
6 and 7. Consideration of flexible tubing (25 ft length) at two-inch diameter (Case A) and one-
inch diameter (Case B) were compared with less than 0.1 psi difference for flow at 15 cfm. The
minor difference in differential pressure indicates that one-inch diameter flexible tubing can be
used without affecting the vacuum pump performance appreciably.

Consideration of size of vertical head penetration indicates the difference between the 0.609 inch
diameter and one-inch diameter is less than 0.1 psi for flow of 15 ¢fm and can be tolerated.

The difference in differential pressure for the two sizes of filters (3.5 inches by 10 inches long
and 6 inches diameter by 14.4 inches long) considered indicates that a significant difference in
pressure drop occurs (0.66 Vs 0.1 psi respectively for flow of 15 cfm). The larger filters (6-inch
diameter by 14.4 inches long) with the lower pressure drop are desirable.
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delta P= pfLv¥/144D2g
Flow in 2.0 inch inside diameter smooth tubing
flow area= 0.0218 f#
Where deita P = pressure drop poundsisquare inch

p= density of air
f= friction factor
L= length of pipe in feet

4/17/00

dwj
Table 6 SSFC Vacuum Drying Pressure Drop Calculations for 30 scfm air flow in line to SSFC vacuum pump
Pressure Drop Calculations for Alternative Tubing Lines Using the Darcy Formula

v= mean velocity in feet per second
D= internal diameter, in feet

g:
R.=123.9dvp/u 23728 Uair™
f= 0.0098
p= 0.0752 It air @ 14.7 psiaand 68 F
L= 25 f
V= 22.92 ft/sec
D= 0.1667 ft
delta P,y = 0.0083 Ibfin®

Flow In 1.0 inch inside diameter smooth tubing

Re= 47453

= 0.011 Page A-23 of Crane
v= 91.67 ft/sec

D= 0.0833 ft

delta P,,= 0.225 1bAin?

Flow in 3/4 inch inside diameter smooth tubing

Re= 63270

f= 0.012

v= 162.97 ft/sec
D= 0.0625 ft
delta P, = 1.034 Ib/in

Flow In 0.609 iInch amooth bore hole in cylinder head

Re= 77909

f= 0.013

L= 0.5 ft

v= ft/sec 247.14 fsec
D= 0.05075 ft
delta Pys = 0.0634 Ib/in’

-21-

32.2 fisec?

0.018 cp at 68 F per A-5 of Crane
Page A-23 of Crane Flow of Fluids - Using R,

2C

flow area = 0.005454 g

Flow of Fluids - Using R,

flow area= 0.003068 ft?

flow area=  0.002023 f

Crane A-8

SMF- 6386
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Table 7 SSFC Vacuum Drying Pressure Drop Calculations for 15 scfm air flow In line
Prassura Drop Calculations for Alternative Lines Using the Darcy Formula
delta P= pfLv?/144D2g

Flow in 2.0 inch Inside diameter smooth tubing

flow area= 0.021815 ft’
Where delta P = pressure drop pounds/square inch

p= density of air v=mean velocity in feet per second
f= friction factor D= internal diameter, in feet
L= length of pipe in fest g= 32.2 ft/sec?
R,=Ren# 11864 123.9dvpiu Ugy= 0,018 ¢p at 68 F per A-5 of Crane
f= 0.0098 Page A-23 of Crane Flow of Fluids - Using R,
p= 0.0752 bt air @ 14.7 psiaand 68 F 20C Crane A-8
L= 25 ft
v= 11.46 fifsec
D= 0.1667 ft
delta Py 0.0016 Ib/in®
Flow in 1.0 inch inside diamater smooth tubing flow area  0.005454 ft
Re= 23726
f= 0.011 Page A-23 of Crane  Flow of Fluids - Using R,
v= 45.84 ft/sec
D= 0.0833 ft
deltaP,=  0.0562 Ib/in’
Flow in 3/4 Inch Inside diameter smooth tubing
Re= 31635
f= 0.012 flow area= 0.003068 f’
v= 81.49 f'sec
D= 0.0625 ft
delta P,y 0.258 Ib/In
Flow in 0.809 Inch smooth bore hole in cylinder head
Re= 38954 flow area= 0.002023 f’
f= 0.013
L= 05t
v= f/sec 123.57 fi'sec
D= 0.05075 ft
deltaP,s  0.0159 lb/in’
S F - "596/
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