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Abstract: The CSER for cleanup of the 224-T Building is revised to allow the water
accumulation in C-Cell pit to be pumped out and silt on the pit floor to be removed.
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The 200 Area Facility Disposition is working to decontaminate and deactivate the six
process cells in the 224-T Building in the 200 Area. Site documents do not adequately specify
the contents of tanks in the cells unused since 1956. The last entry into the cells was in 1986. In
the 1940’s, operators concentrated plutonium solutions in the tanks in the six cells in the 224-T
Building. In the first step in the deactivation process, the project made a series of entries to
characterize the state of the cells and the contents of the tanks and sumps. Operations has
determined the mass and location of fissile material in most of the tanks in the six cells using
remote nondestructive analysis. This CSER lists the types of characterization activities and
closest approach that can safely be made to tanks that have an unknown mass and form of
fissionable material. This CSER also lists the types of characterization activities allowable for
cells with less than 450 g of fissionable material and for areas with characterized liquid and siit.

The project entry into Cell C discovered that the nineteen foot deep sump pit had eleven
feet of water in it. The last entry into the cells was in 1986 so unexpected changes were possible.
This CSER also develops controls for characterizing and removing water and silt from the C-Cell
sump pit.

1.2 SUMMARY

This CSER lists the criticality safety controls on the activities operators may perform to
characterize and to cleanup the process cells in 224-T Building. The activities are specified (1)
for cells and tanks with unknown fissile content and forms, (2) for cells and tanks with fissile
content known to be 450 g or less, and (3) for C-Cell water and silt in the pit with known masses
and concentration of fissile material. The justifications for the controls are developed in Section
5. The basis is also developed for not requiring a criticality alarm system in the 224-T Facility
for the above mentioned operations. These CSER bases meet the requirements of the DOE
Order 5480.24 and 420.1.

The information on the cleanup of the cells in the 1950s said that the tanks had been
rinsed to remove all but fixed residual fissile material. The preliminary NDA analysis of all but
nine out of twenty eight tanks conducted in 2001 showed that tanks had less than 2 grams of
fissile material, except one tank that had 4 g. Process knowledge and confirmatory
measurements indicated that the entire facility did not have enough fissile material to form a
critical configuration by a factor of fifty. Lack of a significant amount of fissile material is the
first barrier to criticality. Operations would have to bring in kilogram quantities of fissile
material to form a critical configuration. The operations are not allowed to bring in fissile
material and do not use any fissile material in their operation except as sources and as fission
monitors which have only small amounts of fissile material that is well contained. Since no
fissile material is moved, stored, or processed as part of the characterization activities, it could
not be brought in accidentally as it could in a glovebox operation processing plutonium. The
first barrier to reaching a potential critical configuration is that fissile material must be added to
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the facility. Failure to prevent fissile material being added to the facility would be a
contingency.

The second contingency or barrier preventing a criticality is that fissile material must be
assembled if available in the cells, moderated, and reflected by operator action. The criticality
safety limits and process controls on operations’ activities prohibit actions that would increase
reactivity. By these controls, double contingency is established for characterizing the 224-T
Cells when the fissile content has not been documented. Incredibility arguments for not
requiring a criticality alarm system are summarized in the second to the last paragraph in this
section. Note that no fissile material is to be added to the facility in any operation, except as a
source or as a fission detector. So double batching and over batching are not a contingent event
as they would be in a glovebox where fissile material is routinely brought into the glovebox.

The discovery that the sump pit in Cell C had eleven feet of water meant that fissile
material in the pit would be fully reflected and if stirred up from a layer of particulate on the
bottom of the pit into the water, would be moderated. The first contingency or barrier that the
cells have insignificant fissile material is still based on process knowledge and NDA results from
the tanks in the cells. Characterization of the water and silt in C-Cell has shown only gram
quantities of fissile material are present in them. Although documentation for the fissile
inventory of the cells was not available from the closeout of process activity in the cells, the
available records and 2001 NDA characterization of the tanks are the basis for considering it
incredible that significant fissile material is present in the sump pit. To make a second barrier,
sampling is limited to containers that could not hold a critical configuration for the material
being sampled and restricted sampling to prevent agitating enough particulate on the pit floor to
create a critical configuration. This second barrier is maintained during water removal from the
pit by using sample results of the plutonium in the water to determine that the water being
removed does not have more than 450 g of fissile material. After sampling, the water in the
sump pit has shown that the water and remainder of cell above the water has less than 450 g of
fissile material, then the water can be removed by a process that does not agitate silt on the floor.
When sampling material from the tanks and the floor demonstrates that the cell fissile inventory
is less than 450 g, then remaining water and silt can be removed because the addition of fissile
material is not credible. Sampling has determined that the C-Cell pit contained less than 200 g of
fissionable material. This revision of CSER 01-001 allows removal of the water and silt form C-
Cell because of the low mass and concentration of fissile material. Section 2.4 derives the
plutonium mass sample results for the silt and water.

Once NDA has established that the ANS single parameter limit of 450 g is satisfied in a
224-T cell, the list of allowed operator activities can be expanded because it is now incredible
that the cell has enough inventory for a critical configuration and fissile material is not part of the
operations so over batching is not credible. Also, when the cell inventory is 450 g or less, ANS
standard 8.3 does not require a criticality alarm system. This condition meets the DOE orders
5480.24 and 420.1 because they incorporate the ANS 450 g mass value explicitly.

Before NDA has confirmed that 224-T cells contain less than 450 g of fissile material,
Section 5 gives a basis that a critical alarm system is not required. A criticality is considered
impossible, because, based on process knowledge and NDA results, it is incredible that there is
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enough fissile material for a critical configuration and because operations actions are restricted to
those that would not increase the reactivity of the material in the cells. This basis meets the
requirements of DOE orders 5480.24 and 420.1.

The CSER justifies the characterization activities allowed by the limits and process
controls listed in Section 3. The characterization activities allowed, meet the requirements of the
Hanford Criticality Safety Program, HNF-7098, and ANS criticality standards.

20 DESCRIPTION

2.1 FACILITY DESCRIPTION

The 224-T Building, located in the 200 West Area parallel to T-Plant, the 221-T Canyon
building, is currently being maintained in a surveillance and maintenance mode by 200 ADP.
The site has excessed the building and has no plans to use the building again.

The 224-T Building is a small canyon type structure with six process cells on the
southeast side of the building. The outside wall of the building is one-foot of concrete, A
one-foot thick concrete wall separates the cells from three levels of operating galleries in the
northeast section of the building. Figure 2-1 shows the location of the process cells in the
building. Figure 2-2 shows the location of tanks in the six cells.

The 224-T Building first and second floor outside dimensions are 60 m (197 ft) by 18 m
(60 ft). The third floor is 44.2 m (145 ft) by 18 m (60 ft). A 30 ¢m (12 in.) -thick concrete wall
divides the building into two main sections. Offices and operating galleries are on the northwest
side of the dividing wall. The process cells are on the southeast side and have been sealed from
the operating galleries for over 25 years. The 224-T building process cells are isolated from
input from 221-T. Appendix C describes the barriers to fluid flow from 221-T Building to
224.T.

2.2 PROCESS CELLS

The process cell portion of the building consists of six cells (A through F). Cells A
through E are three stories high, or 12 meters (40 feet), and are separated from each other by
4.5 m (15 ft) bigh, 20 cm (8 in)-thick concrete walls. The outside wall and the wall with the
galleries are 30 cm (12 in.) -thick concrete. The concrete cell floors and cell decks thickness are
not specified, but must be at least 10 cm (4 in.) thick concrete. Each cell is approximately 7.5 m
(25 ft) by 8.5 m (28 ft). Cells A, B, D, and E are similar in configuration and contain similar
equipment. There are two 2.7 m (9 ft) diameter by 2.7 m (9 ft) high tanks and one 1.4 m (4.5 ft)
diameter by 2.1 m (7 ft) high tank on the first floor of each cell. B cell has an additional tank of
the smaller dimensions. Some of the tanks are equipped with agitators and motors. A, B, D, and
E cells also have a 3 m (10 ft) by 4.3 m (14 ft) operating deck at the second floor level. A 1 m
(40 in) centrifuge is located on each of these operating decks.
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Figure 2-2. Location of Tanks in 224-T Process Cells
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The process cells concentrated an input solution of 0.16 g Pu/L to a product of 12.9 g
Pu/L by a batch process. Each batch contained a maximum of 323 g of plutonium. Based on
historical information, A cell is considered the most contaminated of the six process cells. A
224-T characterization sheet from 8/71 says that the cells are in laid-away status.

C cell differs in structure and arrangement from the other cells referenced above.
Approximately one-half of the cell is a deep pit, 7.62 m (25 ft) by 4.11 (13.5 ft), where the high
point of the pit floor is 5.8 m (19 ft) below the first floor level. A two-foot deep, two by one and
a half foot sump is located in the southeast corner of the sump pit. The pit section of the cell
contains one 2.7 m (9 ft) diameter by 2.7 m (9 ft) high tank, C-7, and one 1.4 m (4.5 ft) diameter
by 2.1 m (7 ft) high tank, C-4. Drawing H-2-2690 shows that a third tank, C-9, was added to C
cell sump pit. The sump pit floor slopes to a trough on the northeast side of the pit. The sump is
at the south end of this low side of the sump pit. The figure in Appendix B shows the pit
configuration. A 1.7 m (5.5 ft) by 3.3 m (11 ft) high pipe tunnel extends 10.4 m (34 ft} from the
deep cell beneath the first floor to a pipe encasement. The piping in this tunnel and the
encasement were used for transferring fissile and other solutions between the 221-T building and
the 224-T building, and connects with the 221-T main building exhaust tunnel. The first floor
level of C cell contains one 2.7 m (9 ft) diameter by 2.7 m (9 ft) high tank.

There are ground level personnel access doors into cells A, B, C, D, E, and F on the
southeast side of the building. In addition, there isa 3.7 m (12 ft) by 3.7 m (12 ft) high
equipment access door located at the second floor level outside of E cell. Cell B has a piece of
equipment four feet directly in front of the door. The other tanks and equipment are at least four
feet from the wall with the door, but are 1.67 m (5-1/2 ft) or more from the door.

The 7.5 m (24.5 ft) by 7.6 m (25 ft) by 7.6 m (25 ft) high F cell is separated from the
other cells by a concrete wall. Modifications completed in the 1970s reduced the size of F cell to
approximately 50% of its original size with the installation of concrete or steel barrier walls. F
cell also contains a 3.9 m (12.7 ft) by 7.6 m (25 ft) centrifuge deck (mezzanine) that is elevated
2.1 m (7 ft) above the cell floor. Access to the F cell mezzanine is gained via an external
staircase and door in the Transuranic Waste Storage and Assay Facility (TRUSAF) receiving
area. There are two additional points of access to F cell. One is an exterior door on the
southwest side of the building and the other is through a door in the TRUSAF receiving area.
The first floor level of F cell contains four vessels with dimensions of 1.2 m (4 ft) diameter by
1.5 m (5 ft) high. The F cell mezzanine contains two centrifuge vessels and associated piping.

The 224-T internal cell drainage system collects wastewater in a receiver tank in the deep
portion of C cell, the sump pit. A gutter along the base of the northeast wall in cells A to F
drains to a 15 ¢cm (6 in.) clay pipe laid below the cell floors. The floors in the cells slope toward
this gutter. The operating decks, where the centrifuges are located, in cells A, B, D, and E also
drain to C cell. Water leaking into any of the cells will eventually drain to the 2.7 m (9 ft) high
tank in the C cell sump pit. Because there are no active pumps to transfer liquids, accumulated
liquids could overflow the 2.7 m (9 ft) high tank and collect in the pit. This tank and others in
the facility have overflow lines from a tank to the cell floor. Drawing HW-72939 shows that
tanks C-4 and C-7 in the sump pit and C-8 on the main floor level have overflow piping to the
floors supporting the tank.
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The T Plant main exhaust system provides ventilation to the 224-T tanks and centrifuges
with the vacuum created by the 291-T fans. Stainless steel subheaders connect to tanks and
centrifuges inside the cells and exit the southeast side of the building 1.8 m (6 ft) above grade.
The stainless steel headers are directed down and transition to 15 cm (6 in.) clay pipe below
ground level. The clay pipes connect to a 61 cm (24 in.) diameter clay main header below grade
about 7 m (23 ft) from the 224-T Building. The 61 cm (24 in.) diameter clay main header
connects to the T Plant main exhaust tunnel at the west end of 221-T.

2.3 REMOTE RADIATION MONITORING

An eighteen-inch wide track robot is to carry a radiation probe near each tank in turn to
monitor the radiation field from that tank. The data is used to estimate the fissionable inventory
of the tank. The robot is required to stay more than two feet away from a tank with unknown
fissionable material inventory. If the tank is determined to contain less than 450 g of fissionable
material, the robot does not have to maintain any spacing to the tank in moving to monitor tanks
further into the process cell. People supporting the robot entry are required to keep all parts of
their bodies from entering more than one foot from the doorway.

Table 2-1 lists the preliminary results of NDA measurement of the 224-T process cells
and an adjacent hood, F-10. This hood is located in the TRUSAF space on the other side of the
southwest wall of F cell. Of the 52 g of plutonium found in measuring twenty-four of twenty-
eight tanks, two cardboard boxes, and a hood, 11 g was in the hood outside of the process cells.
Only 41 g was found in the A thru F process cell tanks. Four tanks are still to be measured in the
process cells. If the four additional tanks have the same range of holdup as the twenty-four tanks
already measured, the total tank plutonium holdup would be 48 g. If all the unmeasured tanks
have the maximum found in a tank, 12 g, the total tank holdup would be 89 g. These preliminary
findings leave a wide margin to an isolated facility maximum of 177 g and to the ANS single
parameter value of 450 g for plutonium.

The tanks in 224-T Building cells could contain water. This water could shield the
plutonium radiation reducing the NDA determined plutonium inventory. The report in Appendix
D says that for the NDA measurement geometry used to measure the tank plutonium inventory,
the largest correction factor would be 25 to correct for water in a tank. The tanks in F-Cell have
a combined inventory of 15 grams, the largest of any cell and larger than any individual tank in
224-T building. Even if all the tanks in F-Cell contained water, the total plutonium inventory in
F-Cell would be 375 g, a value still less than the 450 g ANS single parameter limit.

2.4 SAMPLE RESULTS FOR WATER AND SILT IN C-CELL PIT

Samples from C-Cell water were taken and analyzed for total alpha particles. Appendix
B reproduces the report from WSCF. Page 3 of the report gives the total alpha as 4.3 E+02
piCi/L. This value is considered a good number because it is significantly larger than the
minimum detectable value of 1.4 piCi/L. Assuming all the alpha activity is **Pu, the total alpha
count is converted to 7.0 E-9 g 2*Pu/L of water using a value of 0.062 Ci/g. This concentration
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Table 2-1. 224T Process Cells Pu Hold Up (preliminary values)

TANK Pu HOLD UP (grams) COMMENTS
A CELL
A-1 0.875
A-2 -- NDA during manned entry
A-3 451
A-4 0.086
Total 5.47
B CELL
B-1 0.959
B-2 89 NDA during manned entry
B-3 0.368
B-4 0.686
B-6 0.22
Total 11.13
C CELL
C-4 -- In pit, under water
C-7 -- In pit, under water
C-8 1.7
C-0 - In pit, under water
Water & silt 241 In C-Cell pit
Total 4,11
D CELL
D-1 0.58
D-2 0.5 NDA during manned entry
D-3 0.0018
D-4 0.25
Total 1.33
E CELL
E-1 0.0017
E-2 240 NDA during manned entry
E-3 0.0017
E-4 0916
Total 3.32
F CELL
F-1 0.799
F-7 0.649
F-8 0.514
E-9 0.818
F-2 0.7 NDA during manned entry
F-22 11.9 NDA during manned entry
Special Tank 0.0004
Cardboard Boxes 0.817
F-10 HOOD 10.3
Total 26.5

Total all cells: 51.86 g




HNF-7640, Rev. 3

is 1 E-9 less than a minimum critical concentration of plutonium in water. The flooded C-Cell
pit contains about 35,000 gallons (140,000 L). This amounts to about 0.001 g of plutonium in
the water in the C-Cell pit. A minimum critical mass of plutonium in water is 500,000 times
larger than this mass.

Samples from C-Cell silt solids were taken in four places along the deep side of the pit
with one from the sump as shown in the figure in Appendix B labeled 224-T Building C-Cell Pit.
The four samples were mixed together, centrifuged, and the dried solids measured for alpha
activity. The final report for 224T C-PIT1 Sample gives an alpha particle count rate of 0.105
pCi/g of solids. From the reported standard % of 100, the blank of <6.01 E-05, the detection
limit of 9.70 E-05, and a count error % of 1.9, the result would be a reliable value. Assuming a
one inch layer on the entire 25 ft by 13.5 ft of the pit floor and two inches on the 2 ft by 1.5 ft at
a density of clay, 1.8 g/cm’, the total alpha activity in the pit solids would be 0.152 Ci. Using
0.062 Ci/g of 9Py to convert all alpha activity into fissile plutonium, the total mass of
plutonium in the silt in the pit would be 2.4 g. This value is two hundred times smaller than the
minimum critical mass for plutonium in water.

3.0 LIMITS AND CONTROLS

3.1 UNKNOWN QUANTITIES OF FISSIONABLE MATERIAL IN PROCESS CELLS

The following operations may be performed in accordance with approved work plans
and/or procedures that incorporate the limits and process controls listed in this section for areas
with unknown quantities of fissionable material.

Radiation and other monitoring

Installation of radiation or other survey equipment

Photography

Neutron activation studies

Sample Swipes

Installation of monitoring equipment

Installation of TV, optical or other surveillance equipment
Setting up entrance, exit, and other structures for contamination control
Hand spraying disinfectant

10. Sweeping and dusting

11. Sampling liquid in pits, sumps, vessels, and piping

12. Sampling silt in pits, sumps, vessels, and piping

13. Removing and recirculating liquid from C-Cell

14. Removing silt from C-Cell

15. Vacuuming and vacuumed dust disposal of characterized material
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3.1.1 LIMITS

1.

10.

I1.

Sensors smaller than Y2 L (a soda can), are to be spaced nominally 25.4 cm (10 in.)
or more from any vessel larger than 3 L in volume with unknown fissionable mass
inventory.

Equipment larger than % L (a soda can), including robots, are to be spaced
nominally 61 cm (24 in.} or more from any vessel larger than 3 L in volume with
unknown fissionable mass inventory.

People or a 2 L or less size bottle of disinfectant/fixative are to be spaced nominally
91.4 cm (3 ft) or more from any vessel larger than 3 L in volume with unknown
fissionable mass inventory.

Tanks and equipment known to have less than 450 g of fissionable material, do not
have spacing requirements for non-fissile bearing equipment and people.

No material that can possibly be fissionable or reflective (e.g., bricks, furniture, trash
cans, bottles) may be moved, rearranged, or otherwise disturbed in a process cell
within a nominal 91.4 cm (3 ft) or less of a vessel larger than 3 L, EXCEPT
vacuuming covered by limit 12 and other explicitly authorized activities.

No water or oils may be introduced into a process cell, EXCEPT that as lubricant for
equipment, the robot, or pumps or those allowed by item 3 above.

No fissionable material is to be introduced in a process cell, EXCEPT as part of
monitoring equipment.

Sweeping or dusting, not vacuuming, may accumulate a pile of material 5 cm (2 in.)
or smaller or a volume of 3 L or smaller until the material is characterized as having
less than 250 g of fissionable material. Disposal of uncharacterized sweepings shall
be in one-half liter or smaller containers spaced 25.4 cm (10 in.) or more from each
other and any other fissionable material in transit and 91 cm (3 ft) or more for
storage, except one empty container may brought next to material to fill the
container.

Liquid sample container volume shall be less than 4.7 L or the container is to be less
than five inches in diameter.

Silt sample container volume shall be nominally less than a half-liter.
In flooded spaces, visual, radiation and other monitoring equipment may be used
without a requirement for spacing. But monitoring equipment is not to collect

uncharacterized silt or silt with more than 200 g of fissile material in a pile and is not
to stir up silt so that it mixes with the surrounding liguid.

10
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12. The maximum mass of plutonium or equivalent fissile material allowed in a vacuum
of any size, an array of vacuum cleaners, an array of vacuum collector units, or a
collection of vacuums, vacuum collectors, and other fissile is 200 grams and is to be
spaced 91 cm (3 ft) from items with more than 15 grams of fissile material.

3.1.2 PROCESS CONTROLS

1. The Criticality Safety Representative may authorize in Criticality Prevention
Specifications other operations that are within the limits specified in Section 3.1
above.

2. The Criticality Safety Representative is to approve work plans and procedures.

3. Sampling of liquid or silt shall not stir up uncharacterized silt into a contiguous
volume of more than 5 liters. Objects that are put in or could fall into the sump pit
or a tank and agitate the uncharacterized silt in the pit or a tank are to be prevented
or restrained in two, independent ways (e.g., two separate tethers). A pipe, tubing,
or a cable that is secured from falling into the sump pit or a tank is allowed into the
pit or a tank. Liquid and silt containing less than 200 g of fissile material are not
subject to any restrictions on sampling, disturbance, or removal.

4. Sampling of uncharacterized silt shall not collect silt into a pile of more than a half-
liter volume; silt with less than 200 g of fissile material is not subject to any
restrictions on sampling, disturbance, or removal. '

5. Survey information is to be reviewed by the CSR/CSE.

6. If an aggregation of fissionable material in excess of 450 g is found, suspend work
' allowed by this CSER in that process cell.

7. The process pells are to be Fire Fighting Category C.

8. Personnel may sample vessels or deposits that have or are being water reflected
without spacing requirements.

9. The mass of plutonium and equivalent fissile material in dust to be vacuumed up
must be known before vacuuming,

3.2 PROCESS CELL FISSIONABLE INVENTORY LESS THAN 450 G
The following operations may be performed in accordance with approved work plans

and/or procedures for areas with quantities of fissionable material measured to be less than 450 g
per cell.

11
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. All activities previously approved in Section 3.1

Opening containers and vessels

Valve opening and closing, EXCEPT if an uncontrolled path to C cell is established
that could increase fissile inventory above 450 g in an area, then two barriers are
required in the flow path (e.g., a valve and catch pan).

Sampling of vessels, containers, and piping

Movement and removal of material and items

Instatlation of neutron poisons and personnel shielding of less than 2.5 in thickness
Use of water and oils in hydraulic equipment (Hydraulic oil limited to 5 L)

Plastic fixatives may be applied but not removed.

Removing liquid in pits, sumps, vessels, and piping.

3.2.1 LIMITS

1.

No fissionable material is to be introduced in a process cell, EXCEPT as part of the
monitoring equipment.

Plastic and plastic type materials are not to be mixed with fissionable material.

Oils are not to be introduced to containers, vessels, and piping.

3.2.2 PROCESS CONTROLS

1.

4,

The Criticality Safety Representative may authorize in Criticality Prevention
Specifications other operations that are within the limits specified in the limits of
Section 3.2 of this CSER.

The Criticality Safety Representative is to approve work plans and procedures.

The Criticality Safety Representative is to assure that all fissionable material
inventory masses are determined in accordance with Chapter 4 of Section 3.5.4.d in
HNF-9078, Rev. 0.

No operation is allowed that can transport fissionable material to C cell, the pipe
tunnel, the pipe encasement, or another cell or area and result in that space increasing
in fissionable inventory above 450 g.

12
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5. The process cells are Fire Fighting Category A. (This fire fighting category does not
impose any restrictions on fire fighting.)

40 METHODOLOGY

This CSER shows that criticality is not possible when activities are conducted as allowed
in the limits and process controls of this CSER. For the case where the form and quantity of
fissionable material is not known, the methodology is to demonstrate that any aggregation of
fissionable material in the process cell would not be made more reactive by activities allowed to
be performed within the limits and process controls of this CSER. For a total process cell
inventory of less than 450 g of fissile material, criticality can be shown to be impossible for the
conditions allowed in this CSER. This CSER does not cover known aggregations of fissionable
material in excess of 450 g. Specific analysis of the configuration will be necessary in a separate
CSER.

Determining the mass of fissionable material in the cells will use nondestructive assay
methods that are not accurate to 5 % with a 95 % confidence level. HNF-9078, Rev. 0, requires
that the masses compared to criticality prevention specification limits developed in a CSER be
determined by adding the measured mass and the mass corresponding to the uncertainty in the
measurement. This high value in reported nondestructive assay (NDA) results is the value that
needs to be used and it is often twice the measured value. This high value needs to be compared
to the 450 g limit specified in this CSER to determine the actions that may be taken.

5.0 ANALYSIS

5.1 BASIS FOR LIMITS OF PROCESS CELLS CONTAINING AN UNKNOWN
AMOUNT OF FISSIONABLE MATERIAL

Figure 2-2 shows that each process cell has several tanks, centrifuges, and other
equipment that concentrated plutonium solutions in the 1940°s and 50°s. The input solution
specified to be at a concentration of 0.16 g Pw/L would have to be 43 times more concentrated to
reach a minimum critical concentration of plutonium in water of 7 g Puw/L. Limits allowed only
up to 323 g of plutonium in a batch. This mass is less than the minimum critical mass of 531 g
of plutonium in water fully water reflected. A batch could not go critical even when
concentrated to the output target of 12.9 g Pu/L. Even over-batches, total plutonium mass of
more than 531 g, would be safe in the facility tanks. The tanks are so large that sufficiently
concentrated plutonium would have a small volume and spread out to less than the several inch
depth needed to go critical or the plutonium concentration would be too low to go critical
because of the volume of fluid needed for a critical depth in a tank.

A 9-foot tall tank would have 255 L in a one square foot column. Since the minimum
critical areal density for plutonium in water from Figure I11.A.8(100)-3 in ARH-600 (Carter
1968) is 240 g Pu/ft’, a solution left in a tank and concentrating over the years would have to
have started at greater than 0.94 g Pu/L to have the potential to reach a critical configuration.

13



HNF-7640, Rev. 3

Since a batch was about 2000 L (500 gallons) and a full 9 ft diameter 9 foot tall tank holds
16,000 L (4000 gallons), it is improbable that a full tank volume was left in a tank with a
plutonium concentration above a rinse solution of 0.001 g Pu/L.. Operations trying to scavenge
plutonium would not have left a concentrated solution in a tank. That a close to critical system is
in the tanks from process material left there is remote.

The process reported a process loss of 0.42 % of the plutonium processed. This amount
was the plutonium entrained in the discarded waste solutions. Some could have deposited on
tank, equipment, and piping inner surfaces. If the process equipment were rinsed, some of the
plutonium would have been removed. Any residual is spread in a thin layer adherent to the
equipment inner surfaces. This contamination does not pose a criticality concern because none
of the actions allowed by this CSER could bring this distributed material into an aggregate to
make a critical configuration.

If a tank is rusting, the fissile contamination on the inside tank surface could collect in the
bottom of a tank. However, the accumulation of debris would have a low density, small amount
of fissile material, and large amounts of iron in the rust, a neutron absorber. Diffusion in these
cool, static tanks is not expected to separate rust from fissile material. These factors make a
critical configuration remote.

The amount and form of any residual fissile material is uncertain. Although records and
personnel recollections are that the process vessels were rinsed and miscellaneous items in old
files indicate that equipment is only contaminated, no documented, specific values are available
for the mass of fissionable material in the process cells. Operators used the cell tanks and
centrifuges to concentrate plutonium solutions. Without a concrete basis for an inventory value
for plutonium in the cell, the analysis must proceed on the basis that one or more tanks or pieces
of equipment have a just subcritical mass of plutonium.

Although all activities in or around the process cells have some effect on reactivity,
classes of actions can be shown to result in a small enough effect to be considered insignificant.
This section shows that the actions allowed by the limits and process controls in Section 3.1 have
an insignificant effect on reactivity in a process cell.

Characterization of a process cell begins with building a structure over the entrance
doorway to prevent contamination dispersion. These activities are behind the door and the
12-inch thick outside concrete wall that surrounds the doorway. The activities are at least four
feet from the closest tank to the door. The distance and concrete reduce any increase in
reflection from this activity to insignificance.

Next, the door is opened and an operator may move to one foot inside the door. The
tanks are 4.5 and 9 feet in diameter with up to a 9-foot height in a three-story 25 by 28 foot
rectangular silo of concrete walls 8 or 12 inches thick. Floor and roof are also of concrete. The
effect of the introduction of a robot, and other equipment at a2 minimum of two feet or a person at
aminimum of 3 feet from a tank is insignificant as a reflector. The massive amount of thick
concrete surrounding the tanks on six sides is overwhelming. Personnel, who are largely water,
are a more efficient reflector than a robot or other monitoring equipment. Personnel are to be
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spaced one foot further from tanks and other vessels with unknown fissionable inventory. A Y2 L
detector is allowed to a nominal 25.4 cm (10 in.) of the tanks with unknown inventories of
fissionable material because the detectors’ small size would have insignificant reflection.

The above paragraph implicitly assumes that any fissionable material is spread out in the
tank as a residue or a solution. This paragraph looks at a case of a 30 cm (12 in.) diameter
cylinder about 40 cm (16 in.) tall approached by an identical cylinder. Figure 5-1 (Paxton 1987)
shows the change in critical height of plutonium or uranium solution in the tanks as they close
the distance from infinite spacing (single solution cylinder) to contact {zero surface separation).
The fissile levels in the cylinders remain almost flat up to a separation of 90 cm (36 in.), then
decreases more rapidly. This analysis used the plutonium curve rather than the uranium curve as
the most likely fissile residue, but both curves are similar and would give the same result. This
analysis is done using a single plutonium solution cylinder with a critical height of 40.8 cm, a
critical height of 30.5 cm for two cylinders touching, and heights of 40.25 ¢cm and 39.75 c¢m for
90 cm and 60 cm separation from the figure. The height of fissile solution decreases by 5.3 % in
the two cylinders when moved to within 90 cm (36 in.) and by 10 % when moved to within
60 cm (24 in.) from infinite separation to maintain a constant reactivity. This experiment uses
two cylinders of fissile solution to determine interaction. In the case of a person or a robot, the
second cylinder would be a reflector of water or combination of metal, plastic, and lubricating
oil. The effect would be only a fraction of that of fissile material. Assuming the reflector effect
is 1/5 that of fissile material, the increase in reactivity would then be only 1 or 2 %, too small to
be considered a credible concern to the criticality safety of the process cells.

If a space is flooded, adding monitoring equipment does not increase reflection.
Submersible TV camera and radiation measuring equipment would not be as reflective as close
fitting water. These items can be used for characterizing the space since they would not change
the reactivity by changing the amount of reflection of the water. The procedure to use
submersible equipment must include steps to keep from mixing silt on surfaces with the water.
Mixing could increase reactivity by increasing the moderation and concentration of fissile
material. The amount of disturbance allowed is specified later in this section. The procedures
need to have two independent ways the device is kept from disturbing silt that is under water.
Having two independently anchored tethers on a submersible TV camera would have two
independent lines to keep the camera from falling to the bottom of a pit and disturbing the silt. A
pipe, tubing, or a cable that is anchored from falling into a pit or tank is allowed in the water in a
pit or tank because it is self tethered and would agitate silt in a line, not a compact area, if it fell
in.

Once the liquid in C-Cell above the silt layer is found to have too little fissile mater to
represent a criticality hazard, it can be removed provided the silt layer is not perturbed in a
manner that could adversely impact subcriticality. If the water had a total of up to two hundred
grams of plutonium in it, the water could be removed. The minimum critical mass of plutonium
in water is 531 g as shown in Figure 5-2 in this CSER. Two hundred grams of plutonium in the
liquid or silt when removed separately or in the liquid and silt when removed together would be
less than 0.45 of the minimum critical mass. The 0.45 margin is specified in INF-7098. Section
2.4 shows that the total mass of plutonium in the water and silt in C-Cell is less than 3 grams.
Both the total mass and concentration are factors of ten away from limits. These materials may
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be removed from the C-Cell pit without controls on volumes. As a conservatism and good
practice, the water should be removed without stirring the silt into the water,

During the water removal process the entire cell inventory could still be above 450 g
fissile material. The amounts of fissile material in the sump tanks and the silt are still
undetermined. However, the cell as a system should become less reactive as water reflector is
removed around the sump tanks. The removal of the surrounding water should facilitate
sampling and NDA measurements. Both instrumentation and personnel could approach the
sump tanks without a 3-foot spacing requirement. The reflection by instruments and people
would represent a small fraction of reflection provided by the water before removal. Limits
established for other aspects of sampling and measurements defined in this CSER need to be
adhered to. Again during sampling and measurement care has to be exercised to preclude
perturbing the silt layer.

The limits allow unlimited access to containers of volume up to 3 L. Figure 5-2 from
Figure ITI.A.9(100)-4 in ARH-600 (Carter 1978) shows that for a 3 L volume, the g)lutonium
mass must be at least 10 kg and the plutonium density must be greater than 3 g/cm” to be critical.
Such a mass of concentrated plutonium would not have been left in an abandoned facility in the
1950°s. This density is the upper bound for plutonium powders produced at PFP before the
present facility cleanup operations. Since PFP took design efforts to reach 3 g Pu/cm’,
accidental processes after closure of 224-T are unlikely to have made so dense a powder. Even if
evaporation concentrated a residual material to this density, the amount would be only a residue,
not a container full as it could have been before concentration. The 224-T process cells would
not have plutonium at greater than 3 g/cm® from intended processes left in the cell or from
concentration over the years. This analysis judges that a criticality is incredible in containers
smaller than 3 L so no restrictions have been placed on approaching these containers.

The limit of 5 L of oil is based on the judgement that plutonium is not available at high
densities. A residue density of 1 g Pu/em?® is considered impossibly hi%h. Figure 5-2 shows that
more than an eight-liter volume is needed for a criticality of 1 g Pu/cm” optimally water
moderated and with one inch of water reflection. There is no water or other reflector material
allowed during characterization in the process cells. One inch of nominal water reflection from
the process cell is the only reflection available. Oil can be a slightly better moderator than water,
but an accidental oil spill mixing with plutonium is unlikely to be fully reflected, so a limit of 5L
on oil is adequate to preclude a criticality from this limited amount of moderator.
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Figure 5-2. Mass/Volume Critical Curves.
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The process cells may have hazardous biological material that needs to be disinfected
using a sprayed mist of bleach and water. The bottle is to remain three feet from tanks, but the
mist is desired to go everywhere in the cell. A hand spray bottle of up to 2 L capacity is a far
smaller amount of water than a person is, so the argument for a personnel entry to within 3 feet
of tanks bounds a spray bottle entry. The amount and density of spray released by a hand held
spray bottle is so small that weather and wildlife could be a larger reflector to the tanks. Any of
these reflectors are considered to be negligible in comparison to the other tanks, equipment, and
concrete walls, floor, and ceiling. These same arguments apply to use of fixatives to control the
spread of contamination. These fixatives can be a plastic. A thin layer of plastic on plutonium is
not very reactive, but stripped from a surface and wadded into a container it is. This plastic
carrying plutonium can reach a critical configuration with only 370 g of plutonium. Stripping
the fixative is prohibited by this CSER. If flaked off pieces are removed, containers no larger
than a nominal ¥z L are to be used as required in the process controls. If fixatives are to be
removed, the process needs to be analyzed to establish criticality limits and process controls for
that activity.

The basis for allowing operators to sweep and dust loose waste to a pile height of 5 cm
(2 in.) is ARH-600 (Carter 1968) Figure III.A.5 (100) - 5. This data is included as Figure 5-3.
When dry, a 5 cm thickness of waste material cannot go critical, unless there are pieces of
plutonium metal or the plutonium powder is mixed with small pieces of plastic. These two
conditions are not credible in this facility for the operations that are or were allowed. Removal
of a plastic strippable paint that could mix residual plutonium with plastic moderator is not an
allowed operation. The figure shows that criticality is not possible for an infinite 2-inch thick
slab on a concrete floor with one inch of water on top for a plutonium density of less than
1000 g/L (1 g/cm®). This figure assumes the plutonium is optimally mixed with water. Floor
sweepings are assumed to always be far less than 1 g/cm’® and to have other materials in the dust
than plutonium so the mixture can not reach optimal water moderation. This figure shows that if
water enters the cell and wets the sweepings on the floor, the pile cannot go critical. The figure
assumes 0 wt % 2*°Pu. Since plutonium is normally 5 or more wt % **°Pu, this finding is another
conservatism in the analysis,

The following data shows that the sizes of containers to be used for sampling liquid and
silt are too small for a critical configuration to be possible, A 4.7 L container is allowed for a
liquid sample. Figure 5-2 in this CSER shows that 8 kg of plutonium, fully water moderated and
reflected is required for a critical configuration. The plutonium concentration has to be almost 2
g Puem®. Figure I1LB.9(100)-2 from ARH-600 shows that 2*U would require more fissile mass
and greater concentration than does plutonium. That liquid in C cell sump pit would have
kilograms of fissile material when the NDA measurements have found less than four grams of
plutonium per tank and similarly small amounts on the cell floors is considered incredible. This
size sample could be critical only if filled with plutonium or uranium slurry. The 4.7-liter
sample container is allowed for liquids only.
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For sampling silt or slurries, the following container can be used. The volume of the
container is limited to a half liter when the sample could be a slurry or silt. The same figures
referenced in the paragraph above show that a critical configuration is not possible for uranium,
even as metal, and that seven kilograms of plutonium is required for a critical configuration in a
half-liter container. Using this size container makes a criticality for a sample of silt incredible.

Alternately, liquid samples could be taken in five-inch diameter, straight cylinders of any
length. Figure III.A.4-1 of ARH-600 shows that for this shape a critical configuration requires a
plutonium concentration of 1.8 g Pu/cm®. This dense a giutomum water mixture is not a liquid,
but a wet powder. Figure 8 from LA-12808 shows that 33U has to have a concentration of 2.6 g
U/em?® for a critical configuration in a five inch diameter container. It is incredible that using
five inch diameter containers could hold a critical configuration because of the small amount of
fissile material found in the facility and because liquid samples could not hold enough fissile
material. Damp powders or denser fissile material is required for a critical configuration in a
five-inch diameter container.

This CSER requires sampling of silt, if there is any in the sump pit, on a horizontal
surface not to disturb more than a volume of five contiguous liters. This volume is a cube
6.7 inches on a side. This CSER has shown that eight kilograms of plutonium or 14 kilograms of
uranium is required for a critical configuration in a five-liter volume. This presumes the fissile
material is in a sphere mixed with water and fully water reflected. This is an incredible amount
of fissile material given that less than 41 grams has been found i in the tanks in all six cells by
NDA. Also, the material has to be at a concentration of 2 g/cm This concentration is not
stirred up silt in water; it is a pile of silt. That five liters of silt could be piled up from sampling
that 1s designed to avoid moving silt is also incredible.

The information on the cleanup of the cells in the 1950s said that the tanks had been
rinsed to remove all but fixed residual fissile material. NDA analysis of all but nine out of
twenty eight tanks conducted in 2001 showed that each tank had less than 12 grams of fissile
material. Process knowledge and confirmatory measurements indicated that the entire facility
does not have enough fissile material to form a critical configuration by a factor of about
thirteen. Lack of a significant amount of fissile material is the first barrier to criticality.
Operations would have to bring in kilogram quantities of fissile material to form a critical
configuration. The operations are not allowed to bring in fissile material and do not use any
fissile material in their operation except sources and fission monitors which have only smail
amounts fissile material that is well contained. Since no fissile material is moved, stored, or
processed as part of the characterization activities, it could not be brought in accidentally as it
could in a glovebox operation processing plutonium. The first contingency to reaching a
potential critical configuration is that fissile material must be added to the facility. Discovering
enough fissile material in the facility for a criticality is considered incredible.

The second contingency or barrier preventing a criticality is that fissile material must be
assembled, if available, in the cells, moderated, and, to reduce the mass needed, reflected by
operator action. The criticality safety limits and process controls on operations’ activities
prohibit actions that would increase reactivity. All containers and sampling operations are
specified to make a possible critical configuration incredible for the material being handled. By
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these controls, double contingency is established for characterizing the 224-T Cells when the
fissile content has not been documented. Incredibility arguments for not requiring a criticality
alarm system are summarized in Section 5.2 below. Note that no fissile material is to be added
to the facility in any operation, except as a source or as a fission detector. So double batching
and over batching are not a contingent event as they would be in a glovebox where fissile
material is routinely brought into the glovebox.

The discovery that the sump pit in C cell has eleven feet of water means that fissile
material in the pit is fully reflected and, if stirred up from a layer of particulate on the bottom of
the pit into the water, could be optimally moderated. The first condition to meeting the double
contingency criteria is that the cells have insignificant fissile material. The estimate that the cells
do not contain significant amounts of fissile material is based on process knowledge and NDA
results from the tanks in the cells. Although documentation for the fissile inventory of the cells
was not available from the closeout of process activity in the cells, the available records and
2001 NDA characterization of the tanks are the basis for considering it incredible that significant
fissile matertal is present in the sump pit. The second condition to establish double contingency
is that sampling is limited to containers that could not hold a critical configuration for the
material being sampled and is restricted to prevent agitating enough particulate on the pit floor to
create a critical configuration.

Double contingency is to be maintained during water removal from the pit by using
sample results to determine that the material being removed does not have more than 200 g of
fissile material. After sampling the water in the sump pit has shown that the water and remainder
of cell above the water has less than 450 g of fissile material, then the water can be removed by a
process that does not agitate silt on the floor. The fissile mass in the uncharacterized tanks in the

pit is not considered to affect water removal because removing water reduces reflection on the
tanks.

When sampling silt from the floor demonstrates that the silt inventory is less than 200 g,
then the remaining water and silt can be removed because the addition of fissile material is not
credible. If sampling determined that the sump pit contains more than 450 grams of fissile
material, specific analysis would be required for water and silt removal from the sump pit floor
and the tanks in the sump pit.

The 224-T cells have dispersible dust that clouds the cell when making entries to survey
equipment. For work to proceed, the dust needs to be vacuumed up. This dust is expected to be
blown in dirt, but will be considered as any non-fissile material.

Figure 5-2 shows that for 100% ***Pu, homogeneously mixed with water, and fully water
reflected, the minimum critical mass is 530 g of plutonium. HNF-7098, Criticality Safety
Program, allows a single item or an array of items if the item’s or array’s total fissile mass is
45% or less of the minimum critical mass. Multiplying the fraction 0.45 times the minimum
critical mass of 530 g gives 238 g. A conservative mass limit of 200 grams based on a minimum
critical mass allows a vacuum cleaner or vacuum collection unit of any volume, This minimum
critical mass is for plutonium and water. The dust could have plastic, carbon, or most likely
sand, silicon dioxide. A 200 g plutonivm limit is safely subcritical for these and any other
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materials that were used in the chemical process or that would blow into the cells in the last fifty
years.

The above approach of setting the mass limit low does not require restrictions on the size
of the vacuum or the dust to be vacuumed. The results of a preliminary survey of C Cell shows
that the total amount of plutonium in the dust in C Cell is less than 10™* grams of >*°Pu.

The criticality firefighting category is specified as C during characterization to prevent
use of solid streams of water that could add large amounts of reflection and wash material into
the drain tank in C cell. Fire Fighting Category C allows only low density foam and fog water
nozzles. These foams and fogs are much less than a tenth of a percent water. They form a
minimal reflector material. When a cell is characterized as having less than 450 g of fissionable
material, the Fire Fighting Category can be A, which has no restrictions on fire fighting. This
category is appropriate because water mixed with 450 g of plutonium cannot go critical.

5.2 BASIS FOR CHARACTERIZING PROCESS CELLS CONTAINING AN
UNKNOWN AMOUNT OF FISSIONABLE MATERIAL WITHOUT A CAS

The DOE Orders 5480.24 and 420.1, one of which is applicable at Hanford, requires a
Criticality Alarm System (CAS) unless the amount of fissionable material is less than 450 g or a
criticality is not possible or the probability of a criticality less then 10, beyond extremely
unlikely. For the period of characterization when the fissionable inventory is being determined,
this section shows that activities allowed by this CSER have an insignificant effect on the
reactivity of any fissile material, so that a criticality is so improbable as to be considered
impossible or beyond extremely unlikely. A criticality requires at least 521 g of plutonium in
18 L of water. But this mixture put in a tank at 224-T would spread out into a thin subcritical
layer. Tens of kilograms of plutoniom would be needed to make up a 3 or 4-inch thick layer of
plutonium and water to be close to criticality. Hanford did not abandon that amount of
plutonium in tanks in the 1950’s. The probability that that much plutonium is in a tank is
vanishingly small. The restricted approach distances for people and robots limits the increase of
reflection for a tank in a concrete cell to insignificant levels. The probability that that change in
reflection will be sufficient to bring about a criticality is considered vanishingly small. The
combination of these two small probabilities justifies considering a criticality impossible or
beyond extremely unlikely for the activities allowed by this CSER in the 224-T Process Cells.

Activities in the flooded sump pit in C cell are restricted to prevent an increase in
reactivity by mixing silt and water or pilling up silt. Characterization activities are to be
conducted to meet double contingency requirements to restrain accidental dropping of
maintenance equipment into the silt or pilling up silt. This requirement and having to operate to
procedures makes the probability that operations will increase the reactivity in the sump pit a
small value. These restrictions and the improbability of significant amounts of fissile material,
combine to make the probability of a criticality in the sump pit vanishingly small or beyond
extremely unlikely.
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5.3 BASIS FOR LIMITS OF PROCESS CELLS WITH LESS THAN 450 G OF
FISSIONABLE MATERIAL

Section 5, Single-Parameter Limits for Fissionable Nuclides, of ANS Standard 8.1
(ANS 1998) specifies a single-parameter limit of 450 g for fissionable material with moderator
and reflector no more reactive than water. The limits and process controls of this CSER limit the
oils and other moderator and reflector materials allowed in the process cells to meet the
conditions that make this single-parameter limit valid. The ANS standard limit is based on full
water reflection. Personnel radiation shielding of plastic, lead, steel, and concrete can be more
reflective than water. If the material is only tangent or not in contact with a tank and has a width
less than half the diameter of a tank, its reflection would be much less than that of tight fitting
water surrounding an object. ARH-600 (Carter 1978) shows in II.E-2 that the increase in
reflector savings for water reaches an asymptote at a 6-inch thickness. The other listed materials
may be more efficient, but never by a factor of two. Shielding thickness of 2-Y% inches or less of
these materials would be less reflective than the full water reflection allowed by the ANS
standard.

HNF-7098 allows use of ANS standards for limiting Hanford operations.

HNF-7098 specifies the rules for determining how well the value of 450 g of fissile
material is known or the amount of uncertainty to be added for a usable value. The basis for
saying a process cell had less than 450 g fissionable material is to be peer reviewed and signed
off by a qualified specialist.

5.4 BASIS FOR CHARACTERIZING PROCESS CELLS WITH LESS THAN 450 G
OF FISSIONABLE MATERIAL WITHOUT A CAS

Section 3.2, Coverage, of ANS Standard 8.3 (ANS 1997) does not require a criticality
alarm system for fissionable material/water systems with less than 450 g of fissionable material.
This exemption is based on the fissionable material being ***Pu or 2>U. The operating history
only lists plutonium as processed in the cells so significant amounts of other more reactive
isotopes would not be present. The limits of this CSER preclude significant quantities of more
reactive moderators and reflectors that may be introduced into the cells to keep the system to a
configuration that can be considered a fissionable material/water system. The concrete walls,
floor, and ceiling of the cell are more reflective than water of the same thickness and
configuration, but are not close enough to be as effective as close fitting, full water assumed in
setting the single parameter limit. For plutonium, the exemption from a criticality alarm system
applies if (1) uncontrolled transfer between areas can not occur, (2) there is at least a 10 cm
spacing between material in separate cells, and (3) aerial density of fissionable material averaged
over a cell is less than 50 g/m®. The process cells are separated by an eight-inch thick concrete
wall. The tanks are more than four feet, edge-to-edge, from the closest cell wall. The concrete
wall prevents uncontrolled transfer between cells and control of admitted water controls transfer
to C cell catch tanks. The wall and separatlon cover the 10 cm spacing requirement. The
process cells floor area is larger than 58 m* (7.62 m (25 ft) on a side). A cell inventory of less
than 450 g would have an aerial density of less than 7.8 g/m®. The 224-T Building Process cells
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meet the requirements of ANS Standard 8.3 (ANS 1997) to be exempted from having a criticality
alarm system to monitor the activities with fissionable material.

5.5 224-T BUILDING CRITICALITY SAFETY CLASSIFICATION

The 224-T Building may be classified as an Isolated Facility if the total fissionable mass
in all the process cells and other cells and galleries is less than 177 g of plutonium. The facility
may be exempt from HNF-7098 requirement for a criticality safety program if the total inventory
of fissionable material is less than 15 grams. However, this approach is not recommended
during characterization phases for deactivated facilities. If fissionable material is found in
quantities greater than 15 g during operations, the reporting of working with fissionable material
without a criticality safety program would probably be more disruptive than the minimal effort to
have a criticality program for an isolated facility. If the facility has more than 177 g of
fissionable material, it may be classified as a Limited Control Facility. HNF-7098 spells out the
requirements for a criticality safety program for each of these two conditions. An alternative is
to make each area with fissionable material that would not transfer material to another area in an
accident, classified according to how much fissionable material is present in that area.
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Review Comments from K. N. Schwinkendorf - 1/25/2001

This CSER was independently peer reviewed by K. N. Schwinkendorf, a qualified
Criticality Safety Specialist in the Criticality and Shielding group of Fluor Federal Services.
This technical review covered all aspects of this CSER. As shown in the Independent Review
Checklist, this CSER was reviewed with no gaps.

Several comparisons were made in this CSER to handbook graphs of cylinder interaction.
These figures were used as a basis to support the assertion that the presence of a person (a
reflecting cylinder) would have an insignificant effect on the system k. of large tanks containing
dilute quantities of fissile material. Intuitively, this argument makes sense. The concrete walls,
even though they are several feet away from fissile-bearing tanks, would be expected to mimic
close reflection. They nearly surround the tanks (the solid angle is large), and they have a low
absorption cross section (lower than water). Hence, neutrons that leak out of a tank have a
relatively high probability of eventually scattering back into the fissile-bearing tank. Several
comparison calculations were performed using MCNP4B to quantify this hypothesis. In these
models, a 4-ft diameter by 4-ft high tank filled with 7 gPu/L solution was placed into a cubicle
30 ft square by 15 ft high. Concrete walls 8 inches thick and a concrete floor 4 inches thick were
included. A water cylinder (i.e., "phantom™), representing a person, was placed at various
distances from the fissile tank. A second series of calculations replaced the water phantom with
another tank of 7 gPu/L solution (see Table 1). Neither partial solid angle reflection by water nor
fissile interaction had a significant effect on the k.4 of the system. The presence of a person
anywhere in the room is thus expected to have a negligible neutronic effect, and it is judged to be
incredible for this person to directly cause a criticality. For comparison, several water phantom
cases were rerun without the concrete wall reflection. These results are contained in Table 2.
The £.. of the fissile solution is 0.98866 + 0.00024.

Finally, editorial comments received in the round table discussion and elsewhere were
incorporated, and this CSER is approved.
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Table 1. MCNP4B Test Cases with Concrete Wall Reflection.

Case description Water phantom Second Fissile Tank
no second body, just tank kgy=0.93933+0.00042 | = -
10 ft edge-to-edge separation kor=0.93763 + 0.00046 ke=10.93753 + 0.00048
3 ft edge-to-edge separation kor=0.93983 + 0.00045 kesr=0.93849 + 0.00049
2 ft edge-to-edge separation ker=0.93974 + 0.00044 ker=0.93916 + 0.00047
1 ft edge-to-edge separation ko= 0.93954 1 0.00046 ko= 0.93765 + 0.00045

Table 2. MCNP4B Test Cases without Concrete Wall Reflection.

Case description Water phantom
no second body, just tank key=0.93615 = 0.00049
10 ft edge-to-edge separation ko7=10.93832 + 0.00047
3 ft edge-to-edge separation ko= 0.93732 + 0.00043
2 ft edge-to-edge separation k.= 0.93875 + 0.00046
1 ft edge-to-edge separation key=0.93928 = 0.00044
touching ko= 0.93805 = 0.00044
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APPENDIX B

C-CELL PIT WATER AND SILT SAMPLE DATA
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B-1 Four Silt Sample Locations
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B-2 Silt Sample Analysis Process
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B-3 Silt Sample Analysis
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FINAL REPORT FOR 2247 C-PIT1 SAMPLE
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TCLP/METALS SOITPO0090 Dose Rate{samp prepiin msem/hr [mremiv néa na <5 na hfa na na 0.1 i
TCLPIMETALS SOZTPOO0ST |B | Saver -ICP-Ack DigestLiqsd  |ugimt. 992| <0.0100 | <0.0500 | <0.0500] Wa | na 96.2 0.05] na
TCLPIMETALS SORTPDO0S0 |5 |Aluminium -ICP-Acil Digest-Uq__ jumb_ 03| <0.0500 1.98 150 199] 0514 101 025 na
TCLPIMETALS S02TPD00S0 |B |Arsenic-ICP-Ackd DigestLin miL 116 <0100 | <0500 | <0.500 nia_ | wa 114} 5] nia
[TCLPIMETALS S2TPOOOS0 |G _[Boron JCP-Ack Digest-Liguid [ugimt. 95{ <0.0500 | <0.250 | <0.250 na_ | wa 94.6 D75 o
TCLPIMETALS SOETPOOIST |8 |Darum ACP-AcK Digest-Liguid  jugimL 87.4f <0.0500 | <0.250 | <0.250 na | na g5 025] na
[TCLEIMETALS SIZTPODOSE [B |Berylim 1CP-Add Digastlly | [ugimL 88.5] <5.00s-00] <0.0250 | <0.0250| n/a | we 858] 0025 wa
TCLP/METALS SOZTPODOGD |0 [Glsuth ACP-Acd DigestAly  lugimL $7.6] <0100 | <0.500 | <0.500 wWa | na 26.8) 95| ne
TCLRIMETALS SETPOONS0 (B [Cakdum ICP-Acd Digest-lin  fugiml 108 <0.100_ 384 A1 03 407 107 5] na
TCLPMETALS S027P0009C_{B {Cadmium -ICP-AGd Digest-Liy _ |ugiml. 96.9] <5.000-03}_<0.0250 | <0.0250] a | nfa 83.7f 0.025] nha
TCLPMETALS SUiTFO0TBD B ICenum JCP-Add Digesi-Liq ugiml 85.7] <0.100 | <0.500 | <0.500 Wa | na a 05| oA
TGLPMETALS S02TPO0090 |B [CobaR ICP-Acd Digsel-Lig ug/mL 53.1] <0.0260 § <0.300 | <0.100 Wz | na 54,3 0.1 wa
TCLPMETALS SO2TPODIS0_|B_fCheomium -ICP-Ackd Digest-Ug__|ugimL 83.3] <0.03060 D.144 0948  0.148] 251 44,9/ 005 wa
TCLPMMETALS SAZTPO00S0 |8 |Copper CP-Acid Digest-Liquid _ JugimL 88.9] <0.0100 | <0.0500 | <D.0500{ n/a | nia 85.1 0.05] nia
TCLPMETALS SOZTPO00SD |B |Eurcpium ICP-Ack Digest-lip  fug/mi €3.4] <0100 f <0500 | <0.500 na | ma a 0.5  wfa
TCLPMETALS SAZTPU00SD B [iron -ICP-Acid Digest-Liguld fugfmL. 96.4] <0.0500 477 4.98 487} 4.3z 93 025 na
TCLPMETALS JS02TPO00S0 |8 |Potassium -GP-Acd Digest-Liq__ jugimL 97.6] <0500 A5 237 243 34 895, 25 nia
TCLP/METALS [S021P0GIR0 |8 |Lanthanum -ICP-Ack Digest-Liq  Jugimi S7.9] <0.0500 | <0.250 | <0.250 na_ | na 044 025 na
TCLPVETALS 'SOZTPO00SD Uiihium 4CP-Add Digest-Lig ug/mi 97.8] <0.0100 | <0.0500 | <00500] ma | na 85.1 005 wva
TCLPTMETALS SEZTPO0DE0 Magneshim -ICP-Ack Digest-Liy_Jug/mL 97| <0100 9.7 9.64 04| a9l 848 0.5 wa
TCLPAMETALS SOZTPO0005 I8 |Manganese -[CP-Acd Digest-Ug_[ug/mL: 85| <0100 5.58] 6.57 6.73| 437 005 o
ITCLP/METALS SOZTP0D030 Molybdenum-ICP-Ackd Digest-Liq [ugimi 98.5] <0.0500 | <0.250 | <0.Z50 Wa | wa 965] 025! o
TCLP/METALS SGZTPO0090 B |Sodkum -ICP-Acd Digesl-Liquid__jugimi. 86 <.10r B26] 70| BAS| 485 143 05| ne
TCLPIMETALS S02TP0000_|B_|Neodymium -K:P-Acd DigesiUiy_jugiml 97.8] <0100 | <0.500 | <0.500 na | nwa nia 051 e
TCLPIMETALS |S0ZTP00080_|R_INickel IGP-Add DigestLiguid _ |ugfmL §7.8] <0.0200 1.9 1.97 194 3.6} 4.5 01 nla
TCLPMETALS S0ZIP0G030_|B_{Phesphorus ICP-Acd Agust-Uiy _lug/mi #64] <0200 | <1.00 <1.00 Vs | nie 094 | o
TCLPAMETALS SOZTPOD0S0 |B [Lead -ICP-Ackd Digest-Lioud ug/ml D7A] <0100 | <0.500 | <D500 Wi | na 951 0.5] i
TCLPIMETALS S0ZTP00036 [B YSuiflr -ICP-Add Digestiiquid___{ugiml 882 <0.100 416, 436} 477|  4.96 115 05| o
TCLP/METALS SGZTFO000 B jAnbmiony GP-And Digest3n__{ugiml 074 <0.06D0 { <0.300 | <0.300 Wi | na %56 03
TCLPIMETALS SU2TPOD0S0_[B iSaksnium -ICP-Acd Digest-Ua___{uy/ml 831 <0.100 0714]  0.612]  0683] 154 [ 05| nfa
FCLPIMETALS SE2TPO00S0 |B _|Sicon CP-Ack Digest-Lig ugml. 34| <0.0500 13.4 14 [E% SN 62.6 0.25] na
TCLPIMETALS S02TPD0000 B Samarium CP-Ack Digesi-Lig__[ug/mL 9.5 <0.100 | <0.500 | ' <0.500 na_ | na nia 05 rna
TCGLPMETALS SC2TPOC0SD B Strontiom -IGP-Ack DigestLiq ugiml 86.8] <0.0100 0.67] 0.0  0686! 471 3.4 005 nfa
TCIP/METALS S02TP000AE R |Thorkum JCP-Acd Digestion ug/ml. @98 <0.100 | <0.500 | <0.500 na | na nia 05 o
TCLPIMETALS S02TPO0090 {B [Titanium-ICP-Acid DigastLiq___[ugiml 85.7] <0.01D0 | <0.0500 | <0.0500] nia | mia 9.3 005  wva
TCLPMETALS S0ZTP0OGI0_|D [Thallm JCP-Acd Digestliq__ {ugiml a <0200 | <1.00 <1.00 na | na nfa if  nfa
TCLP/METALS S02TP000S0_JB [uranium -{CP-Ac Digest-liq ugiml - 894l <0250 <1.25 <1.25 n'a na nfa 1.2 va
TCLEMETALS S02TPON0S0 B [Venadiem ICP-AcK DigestLiy  [ugiml 98.8] <G.0500 | <0250 | <0.250 s | na 6.1 0.25] oa
[TCLPMETALS S02TP000%0_|B | ¥iirium CP-Agd Oigeslicn ugitnl_ 94.3| <0.0900 | <0.0500 | <0.0500] ra | na "W 0.05] na
TCLPMETALS SOZTP0000_|B_[Zine -ICP-Ack Digest-Uiquid gl 55| <0.0100 241 2.51 2.46]  4.08 [:3] 005 wa
TCLPIMETALS SO7TP00000 B |Zirconium CP-Acid Digest-Lig JugimL. 976 <0.0100 | <0.050D | <00500| i | nfa 95. 005 va

3-2951
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WSCF
ANALYTICAL RESULTS REPORT

Attention: ED HAM $4-49 . Group #: 20020306
Project: MISC: MISC ‘
’ WSCF .

Sample #  Client ID Test Performed Matrix _Method RQ  Result Units MDL Analyzed Sampled  Received
WOZ0000136 AT-W-0a1  HAM Conductivty WATER  1A-519-40% &85, uSfen 048 03702 0082 0305102
WO20000136 4TW-001  HAM FH Ditect Measuremeat WATER  LA-212-402 7483 s 0.01 oah?02 030502 0305702
WO20000136 4T-WD01  HAM Ca-144 Rel.% Caurt Eror 1GER]  WATER  LASDE&A® 82.7 % 0.00 " DIDEM2 03/05/02 ooz
WO20000136 AT-W-001  HAM Cz-144 by GEA WATER LA-S02- 481 v 358 +01 pCiL 50.70 Q30602 03/05/02 oYosfoz
WO20000136 4T-W-DI  HAM CePr344 Rel.% Count Exror WATER  LA-508-481 |7 % 0.00 030602 D052 O305/02
W020000136 4T-W-001 HAM CaPr 144 by GEA WATER  LA-508-481 u 7.96e401  pCitL 1014002 OHONO2 03/0502 03/05/02
WO020000138 ST-W-001  HAM Co-60 fob.% Count Eirar {GEA WATER  LA-508-491 183, % 0.00 LT oxfosi0?2 03j05/02
WO20000136 AT-W-001  HAM Co-80 by GEA WATER  LA-508-481 v “1.98e+00  pCiL 6.65 03I06H02 3O5N02 0305/02
WO020000136 4T-W-001 HAM: Cs-134 flsl, % Count Emor (GEA)  WATER  LA-S03-48% 173, % 0.00 0a08K2 0105502 030502
WOZ0000136 AT-W-001- HAM Cs-134 by GEA WATER  LA-508-481 v 251400 pCuL 7.0 " 03608202 00502 GaK5/02
WO20000135 4T-W-001  HAM Co-157 Ral. % Count Error IGEA)  WATER  LA-GOB-481 =3, % 0.00 03/06/2 305102 VOHOZ
WO0000138 4T-W-001  HAM Cs-137 by GEA WATER  LA-508-491 v .46e+00  plUL 7.43 V0002 03052 03502
WO20000138 4T-W-001 HAM £0-157 Rel.% Count Ervor IGEA}  WATER  LA-508-4) 168. % 0.00 OROE0Z V0502 030502
WO20000136  4T-W-001  HAM Eu-152 by GEA . WATER  1A-508-291 v 2276400  pCVL 27.40 Q3/06/02 U502 030502
WO20000136 #T-W-001  HAM Eu-154 Rel. % Count Enor (GEAl ~ WATER  1A-508-4831 22, % o.00 QAOE02 03/05/02 03052
WO20000136 _4T-W-001  HAM fu-154 by GEA WATER  LA-50B-48) u 1.638400  pCiL 0.0 V0502 0370502 0052
WO20000136 4T-W-001 HAM Eu-155 Rel.% Count Biror JGEA)  WATER  LA-508-481 113. * 0.00 006/02 030502 03/05K2
WOZ0000136 4T-W-001  HAM Ew-155 by GEA WATER  LA-508-481 U A.26+01 G 22.80 03p05/02 o052 0052
W020000136 AT-W-001 HAM Hb-94 Rel,% Count Enor {GEA} WATER  LA-50B-431 188, % 0.00 0AM502 03/06/02 CROEZ
WO20000136  4T-W-001  HAM Nb-94 by GEA WATER  LA-508481 v 1.00e+00  pCTL 1.09 oWDG/02 03K5102 DH0502
WO20000136 4T-W-001 HAM Au-103 Rel. X Court Error {(GEA)  WATER  LA-50B-48T 160, % 0.00 DROH/02 0805102 0502
WO20000138 AT-W.001 HAM Ru-100 by GEA WATER  LA-BDA-4Bt u 2650400  pCHL 7.44 03/06/02 0502 050502
WO20000736 4T-W-001 HAM Au-106 Bel®% Count Emot fBEA)  WATER  LA-508.481 ass. % 0.00 0310602 30502 0305/92
WO20000136 AT-W-001 HAM Rur-106 by GEA WATER  LA-505-481 1] 8.90e+00 pCHL 6830 030602 030502 005102
W020000138 AT-W-001  HAM S6-125 Rel.% Count Evior (GEAl  WATER  LA508-481 626. % 0.00 DIO5I02 03/05/02 030602
WOZ0000135 4T-W-001  HAM $b-126 by GEA WATER  LA-508481 v 1.972400 oL 220 W06M2 oNostoz 0502
WDZ0000136 AT-W-001  HAM Sn-113 Rel.% Count Eor IGEA)  WATER  LA-508-481 230, % 0.00 03/06/02 CASI2 00602

MDE =Minimum Detection Limit

RQ=Result Quatifier B+ The analyte was detected in the sssaciated mathod blank. b - Compound ) ed from 4 dhution,

) £+ Compound concrntration sxcsedad cafbration range, J - Extimated vahus, I - Sas Comments.
i N - Wentification is based on a mase spsctal Sbrary search. U - Tha anaslyte waz anaiyzed for tnat not datected.

* . lndicates sesults that have NOT been validated; + - Indicates mors than six quakfier symbols - i
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WSCF R o
ANALYTICAL RESULTS REPORT

Attention: ED HAM S4-49 ) Group #; 20020306
Project: MISC: MISC -
WSCF N .
Sample# _ Client [D Test Performed _ Matrix  Method _ RQ  Reslt  Units  MDL  Aualyzed Received
WO20000138 AT-W-001 RAM Sn-113 by GEA WATER LA-508-481 u -250e400 pCIL 058" G082 CMOEMZ GNOS02
WO20000136 4T-W-001  HAM ' Zn-65 Rel. % Courd Ervor (GEA} WATER  LA-50D401 0. % 0,00 CWDEDZ X052 OS2
WO200001368 AT-W-001 HAM In-65 by GEA WATER LA-508-481 v 488 +00 pGL 15.60 T ONOGO2 Q06K 2 axos5/02
WO20000138 AT-W-001 HAN Gloss Beta CWATER  LA-S50B-415 5.8e401  pOV 120 NORD2 030502 05/05/07
WO20000136 AT-W001  HAM Gross Bera % Mesnod Emor WATER  LAG0B41S 1 % 0.00 0308002 03R5D2 0305702
WO20000136 4T-W-001  HAM Total Alpha WATER LA-508-415 430+02  pGiL 140 aIN02 BA05/02 0305702
WO0000136 4T-W-001  HAM Total Alpha % Meshod Eeror WATER  LA-S084I5 10 » 0.00 630RL02 pa/pso2 C0STZ
WOI0000136 AT-W-00T  HAM ) Arssnic by ICP-MS WATER  LAS0S-412 v e 0375wl 0.38 ear1402 0300502 BNOSI2
WOZ0000136 AT-W.001  HAM Bariun by ICP-MS WATER  LA-505412 459wt 038 oNMmZ  ONOEMZ  03OSNO2
WO20000135 4T-W-001 HAM Cadmiksn ty 1ICP-MS WATER LA-505-412 0176 vglh 012 0NI14502 SN0S02 QIEIG2
WO20000138 4T-W-001  HAM Chrosium by KP-MS WATER LA-506-412 a.747 uglt 058 0314/02 Q502 |, oNOGG2
WOI0000136 AT-W-0T  HAM Lead by KPS WATER  LA-505412 v < 150 upit 1.50 0aN18/02 00s/02 AIEN2
? WOIO000536  AT-W-001  HAM Mescury by ICP-MS WATER  LA-505-412 U < 035  ugl 0.2 a2 CaOSI02 - CAOGRT
O WO20000136 4T-W-001  HAM Sajentom by KP-MS WATER LA-505-412 0.581 ugll 0.38 oXtYO2 V30502 DOSOL
WO20000136 AT-W.001  HAM Siver by (CP-MS WATER tAS05432 U <« 0260 wgl 02s axyt402 ouON0E OMOB0Z

MDL="Minimum Detection Limit

RQ= Result Qualifier B - The anatyle wax detectad in the ascociated method black. D - Compound concentration resulted S 2 dhutian.
) £ - Compound th dett calivation rnge. J - Estimated valus.  © - Se¢ Comuments,
N - Wentification ¥ based on 3 mass spectral Hbrary search, V- The snatyte was snalyzed for but nor, detocted.

* . Indicates teauits that have NOT been validaiod; + - indicates mere than six qualifier symbots
Report Wod/ver. 4.5 -
River Corridar . Poge 3
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APPENDIX C

ISOLATION FROM T PLANT
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--—-Qriginal Message-----
From: Brim, Fredrick S (Scott)
Sent: Tuesday, December 18, 2001 4:55 PM
To: Giamberardini, Steven ]
Ce: Levinskas, David; Ayers, William S (Bill}; Chronister, Glen B; Barmettlor, R B (Bob); Barnes, Brett M; Conners, Danlel A IV; Elliott,
Scott D; McGuffey, Joyce €
Subject: Water in 2247 Cell "C"; Results of T Plant Investigation
Steve:

This note concerns the discovery of approximately 11 feet of standing water in Cell "C" in 224T,
and describes the activity of T Plant personnel in investigating of the possibility that T Plant might
be the source of this water, via a pipe trench that runs between T Plant cells in Sections 17/19 and
224T Cell "C".

Per the request made by FH Rivér Corridor this morning to Joyce McGuffy, T Plant Operations,
T Plant Engineering has examined existing documentation for the process cells in 221T Canyon
Sections 17 an 19. We have examined both the engineering documentation, and also cell inventory
notes and pictures that were made in 1986 and in April, 2001. .

We believe it is highly unlikely that T Plant is the source of this water, far the following reasons:

— Decontamination operations involving the use of substantial amounts of water have not been
employed in the 221T Canyon since 1992, and all wet decontamination in the 221T Canyon was
terminated in 1995. The water that was used in these operations was captured by the T Plant
waste water collection systems, and there is little possibility, and no evidence, that substantial

and uncontained guantities of fluid have previously been present in the cells located in Scctions
17 and 19.

— The T-Plant to 224T pipe trench openings in T Plant Sections 17 and 19 are located approximately
12 feet above the cell floor. Fluid weuld have to fill these cells up to a level of at least 12 feet for
any substantial spiliover to enter the pipe trench. There is no physical indication that such levels
have been present in these cells at any time in the past fifteen years.

-- Neither of the cell inventories performed in 1986 or in April 2001 indicates the presence of water
(or indeed any other kind of fluid) on the floors of cells located in Sections 17 and 19. In addition,

the process pipe jumpers are capped off or are otherwise disconnected from any source of water
or fluid,

Our T Plant ECO, Brett Barnes, suggests the possibility that the source of the water now contained
in Cell "C" might be rain and snowmelt leakage from the 224T roof. A search of documents in
RMIS that reference 224T cells reveals the following letter of correspondence numbered 9552285
(RMIS Accession # 295134434) titled 224-T PROCESS CELLS, dated May 3rd 1995, This letter
contains an attachment in which the history of 224T is discussed. Among various other topics, the
last page of the attachment contains these two bulleted items:

*A former Hanford employee remembers reading a liquid level on a tank or
in a large pit in C cell. This former employee stated that this reading
was the result of a roof leak, but is not sure how accurate his memory is."

"A former Hanford employee stated that an entry was made in 1986. It was
noted that a liquid level reading of 2 feet was observed in the C Cell pit.
It appeared to be rainwater or snowmelt. All other cells drain to C Cell pit."

Once again, T Plant Engineering believes that it is very unlikely that the water now contained
in 224T Cell "C" comes from any T Plant source.

If we can be of any further assistance to you in this matter, please let us know.

Scott Brim

T Plant Engineering
271T / Rm202 / 200W
373-7327
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APPENDIX D

CORRECTION TO NDA FOR WATER IN TANKS
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APpLIED TECHNOLOGY. va

April 4, 2002

Mr. Glen Chronister . .

Manager 200 Area Surplus Facilities
Fluor Hanford, Inc.

PO Box 1000, MS S4-49

Richland, Washington 99352

Dear Mr. Chronister:

Attached please find a Polestar memo detailing the calculation method for estirnating the
correction factors to be applied to measurements of plutonium deposits in tanks, if an overlying
layer of water is present. These correction factors were obtained with MicroShicld MS-5, a
commercially available shielding code.

Please note that because of the source-detector geometry used in the measurements, only water
depths up to about four inches contribute significantly to the correction factors.

The results obtained indicate that even for the lowest emergy gamma ray used in the
measurements (0.129 Mev), the largest comection factor (if there were at least 4 in, water
present) is approximately 25, i.e., the true amount of plutonium in the tank is no greater than 25
times the amount inferred from the measurement at that energy.

We assume that the inferred Pu values at each gamma ray energy have been somehow averaged
to get a final measured value. If so, the overall comrected value would be gotten by correcting the
individual measured values at each energy by the factors in Table 1 of the memo, and then

averaging. \

If you have any further questions about this study, please do not hesitate to contact Rudy Sher at
the number below or by email: rsher@potlestar.com.

Yours truly

Martin W. Ellis
Manager, Richland Operations

attachment

GO VWilers BOuEvare «SUTE 24 = RICHLANE « VWASHINGTON +@0352 « USA - (509) P46-827% - Fax 2466882
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HNF-7640, Rev. 3

Polestar Applied Technelogy, Inc. 04/04/02
R. Sher

Effect of overlying water on plutonium determination in a tank.

Plutonium deposits on the bottom of a tank are measured by detecting gamma rays from
Pu-239 with a high resolution Ge-Li detector, located externally to the tank. Typical
amounts of measured Pu are in the range of several grams or less. In some tanks there is
a possibility that an unknown ameount of water is present, overlying the Pu deposit, and
the problem is: what is the effect of this water on the measurement of the Pu?

The geometry of the tank and detector is shown in Figure 1. From the figure it is
apparent that the line-of-sight from an area element furthest from the side of the tank that
the detector faces to the detector passes through that side at a height of about 0.35 fi (~ 4
in). Water above that height will not affect the measurement (except for minor scattering
effects), so that only water heights below that value have to be considered. In other
words, whatever the correction factor is at a water height of 0.35 f, it will not change
significantly as the water height increases beyond that.

To estimate the correction factors, the shielding code MicroShield Version § (MSS) [1]
was used. MS5 has been validated against other shuelding codes, ¢.g. QADMOD [2].
One of the geometries that MSS utilizes is a planar disc source with a shield as shown in
Figure 2. However, the “dose point” (i.e., detector location) is restricted to the radins of
the shield. Since we are only interested in the effect of the shield (water) thickness, this
poses no limitation. It should also be noted that the shielding due to to the tank wall can
be ignored, since it is present whether or not there is water in the tank.

In the measurements, three gamma ray energies were used, 0.129 Mev, 0.375 Mev, and
0.4137 Mev, The calculations were done for each of these source energies separately.
The dose rate which is the output of an M85 calculation is proportional to the detector
response at each encrgy. The desired correction factor is the ratio of the MS5 dose rate
with a (water) shield of thickness H to the dose rate with no shield.

The correction factors would then have to be applied to the raw data at cach energy when
the detector data are converted to Pu mass.

Table 1 shows the MSS results.

As a check, MSS5 calculations of correction factors to account for gamma ray attenuation
by the tank wall at each of the energies (plus 0.0595 Mev) were compared with values
stated by the facility. The MSS5 calculations were done in plane geometry, with a shield
congisting of a layer of 0.25 inch stainless steel (approximated as iron, density 8.02
g/em?). The results are shown in Table 2. (It should be noted that these correction
factors are not used in obtaining the resuits in Table 1, since absolute Pu masses are not
calculated — this comparison is only intended to check that there are no gross errors in
MS5.) The MSS factors are in good agreement with the facility values, except at 0.0595
and 0.1293 Mev, where they differ by about 27%.

D-4
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Polestar Applied Technology, Ine. 04/04/02
R. Sher
Table 1. Correction factors. (Dose rate units are arbitrary.)
corr. factor corr, factor corr. factor
water MSS5 dose | (ratio at MSS5 dose | (ratio at MSS dose | (ratio at
height, H | rate, 0.129 | height Hto | rate, 0.375 | height Hto | rate, 0.414 | heightH to
(i) Meyv . zero height) | Mev zero height) | Mev zero height)
0 3.1590 1.00 1.1260 1.00 1.2500 1.00
0.1 0.9007 3.51 0.4390 2.87 0.5021 2.49
0.2 0.3776 8.37 0.2222 5.07 0.2587 4,83
0.25 0.2578 12.25 0.1651 6.82 0.1938 6.45
0.3 0.1797 15.58 0.1250 9.01 0.1477 8.46
0.35 0.1272 24,83 0.0958 11.75 0.1141 10.96
Table 2. Comparison of attenuation factors.
Energy, Mev dose rate, no dose rate attenuation att. factor
shield (arb. units) | with 0.25” factor (ratic) supplied by
Fe shield facility
0.4137 5.630 3.497 1.61 1.62
0.3750 5.011 3.079 1.63 1.66
0.1293 1.406 0.4496 3.13 3,99
0.05954 8.144 2.179E-2 373.8 479.68

It is not clear to the author whether the Am-241 content was inferred from the measured
Pu-239 mass or by counting the 0.332 Mev gamma ray. If the former, the Pu mass
comected using the factors of Table 1 shounld be ussd to get the Am-241 mass. Ifthe
Am-24] mass was determined by counting the 0.332 Mev garima ray, then the
corrections to be applied would be slightly larger than the Table 1 values for 0,375 Mev
energy, e. g., for 0.1 foot of water the factor would be ~ 3.0.

References:

1. MicroShield Version 5, Grove Engineering, Rockville, MD, 1936.

2. QADMOD-GP RSIC COMPUTER CODE COLLECTION CCC_565, *Point Kemel
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