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1 STATEMENT OF PROBLEM

removal and shipping.

II SUMMARY OF RESULTS AND RECOMMENDATIONS

A. Cold Trag

Determine the expected maximum contamination of the cold traps and primary
sodium pumps. Determine the maximum dose rates from these components during
Specify suitable shielding for casks to be used in the
removal operation and for shipping these components away from the reactor

site.

Access to an unshielded cold. trap is limited by high dose rates, i.e.,

100 mr/hr at 120 ft, after 180 days decay time.

(Thie dose rate does not

depend upon the length of time the cold trap has been in use.) A handling
cask providing a radial shield of 3" of lead will provide -adequate
persomel protection for the rémoval operation, if 180 days decay time is

allowed before the trap is removed.

As shown by Figure 7, dose rates from

the cask body, before it is lifted from the floor, would be 10 mr/hr at

20 ft.

An additional 2.4" of lead is ‘required for off-site shipment of the cask.
This additional shielding can be added after the trap has been removed
from the reactor building.
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B,

Dose rates from the cold trap after the shield plug has been removed
from the access hole are shown in Figure 6. If direct line-of-sight
exposure is avoided, dose rates to personnel will be below 100 mr/hr
at any position, and below 10 mr/hr at distances greater than 20 ft

from the access hole.

Dose rates from the cask during its travel away from the hole,
shown in Figure 7, will be below 100 mr/hr at distances from the
cask greater than 10 ft and below 10 mr/hr at 35 ft, if the cask is
raised no more than 3" from the floor during its travel.

Primary Sodium Pump

Remote, unshielded handling of a primary sodium pump is feasible,
since dose rates would be 100 mr/hr at 28 ft and 10 mr/hr at 90 ft,
after ten years of operation, and providing Eﬂat 1L days decay time
is allowed to eliminate activity from the Na® film clinging to the
pump. Dose rates after only one year of operation would be a
factor of L lower than those quoted above.

The coid trap handling cask, described in part A, can also be used
for sodium pump removal. Additional shielding of 1" of lead is
required for off-site shipment of the pump.

Dose rates from the cask during pump handling will be well below
those during handling of the cold trap, and thus will present no
serious difficulty.

;
| 111 METHOD USED

i A.

B.

Dose Rate Calculations

Calculations of handling and shipping cask requirements were made,
using the methods and equations developed in Reference 1. The
methods and equations for calculating dose rates from the cold trap
after the shield plug is removed, and during the travel of the cask
over the floor, are developed in Reference 2.

Cold Trap
l. Contamination:

Thghdominant contamination of the cold trap after the decay of
Na“®*, is expected to result from fission products. which have
been released from the core into the sodium coolant and deposited
in the cold trap. Based on Reference 10, the amount of fission
products released from the core is estimated as 0.01% of the
total core fission product inventory after 1 year of operation
at 254 Mw(t).

730-v-45 (REV 5-59)
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The activity of this quantity of fission products was
calculated from Reference l;. The resultant values are as
follows:

TABLE I: Fission Product Contamination of Cold Trap (Gamma Curieg3

s

Total {@ - 0.8 Mev | 1.4 - 1.6 Mev| 2.0 = 2.2 Mev
After 60 Days |2,616 | 2,534 72 9.5
Decay Time
After 180 Days 805 799 - 6.2
Decay Time

2.

3.

The above values include the volatile components which may and
may not deposit in the cold trap. However, the volatiles
comprise no more than about 20% of the total at the decay times
indicated, 1t is assumed that this maximum contamination is
essentially independent of the operating lifetime of the cold
trap.

The deposits in the cold trap gse expected to be somewhat
localized in the top portion.( For dose rate calculations,
two assumptions are made; first, that the activity is localized
in the top 2 ft of the active length of the trap, and second,
that the activity is unfprmly distributed along the 6 ft of
active length. (The true situation will, of course, lie
between these extremes.) The assumption which gives the

higher dose rate in a particular situation is used.

Unshielded Access?

Using the methods of Reference 1, and assuming a £" steel shell

for the cold trap, and't?g? it is filled with steel wool of
density about 2l 1b/ft3, the dose rates from an unshielded

cold trap were calculated and presented in Figure 1.
Handling Cask:

Using the same method as above, and assuming a 3" lead radial
shield to be provided by the handling cask, the dose rates at
the cask surface are presented in Figure 2, for the case of
180 days decay. Dose rates at 60 days decay would be a
factor of 6 higher. Therefore, a decay time of 180 days is
preferable,

¥ 1 Camma Curis = 3.7 x 1010 photons/sec

730-V-45 (REV 5-59)
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L. Shipping Cask:

5 The additional shield required to reduce the dose rate to 10

; mr/hr at 1 meter is shown in Figure 3 to be 2.4" of lead.

§ Figure L shows, as a matter of interest, dose rates from the
top and bottom ends of the cask as a function of shield
thickness. Figure 5 gives a means of estimating the amount of
lead shield for which 1" of several different materials can be
? substituted. Figure 5 is not exact, but provides a convenient
| estimate.

Lo

5. Dose Rates from Upen Access Hole:

Dose rates in the reactor room, after the shield plug is re-
moved from the access hode, arise from direct radiationm,
scattering from the side of the access hole, and from scatter-
ing from the roof. (The last contribution is relatively
insignificant.) These dose rates are calculated by the
methods developed in Reference 2, and are shown in Figure 6.

6. Dose Rates Near the Handling Cask During Travel Across Floor:

By adding the dose rates from photons penetrating the handling
cask to those from photons scattered from the floor, Figure 7
was prepared, showing total dose rates near the handling cask
during its travel across the floor. The dose rates are not
high enough to present any serious difficulty.

| C. Primary Sodium Pump
' 1. Contamination:

! Contamination due to retention of solid sodium, in the freeze
! seal design pump, is treated thoroughly in Reference 6. The

: present free surface design 93mp will, however, drain

! essentially free of sodium.( Thus, other sources of con=-

’ tamination must be investigated. The principal sourgﬁ of con-
tamination, after 1 days decay time to eliminate Na““ activity,
will be from mass transfer activity on the lower surfaces which
are in contact with the primary coolant.

| The contaminated surface area is estimated as 65,000 cm?. The
extent of contamination is extrapolated from the data of
References 8 and 9, which is given in terms of dose rate at
the surface of a 16" pipe; :

730-V-45 (REV 5-59)



NO. L757

DATE _ December 15, 1959
PAGE __5 oF___

ATOMICS INTERNATIONAL

A Division of North American Aviation, Inc.

TABIE I1: Mass Transfer Surface Contamination(z)(B)

; Years Operation 0060 MnSh
| Dose Rate at the Surface 1 - 1.8 r/hr
o E of a Drained 16" Sodium
; % Pipe 10 L r/hr 3.3 r/hr
Surface Contamination 1 - 60 uc/cm2
10 L6 uc/cm2 100 uc/cm®
Total Contamination 1l - 3.9 curies
g of a Sodium Pump
i
10 3 curies 6.5 curies

: The pump, itself, will absorb about half of the radiation,
: giving a suitable safety factor to calculations using this
data. The activity is approximately uniformly distributed
along the lower 63" of the pump.

' 2. Unshielded Access:

From the contamination values of Table 1I, dose rates from an
unshielded sodium pump were computed and shown in Figure 1.

| 3. Handling and Shipping Casks:

Using the methods of Reference 1, Figure 8 was prepared. From
this, the dose rates for the handling cask with a 3" lead wall
are shown to be 85 mr/hr at the surface and L2 mr/hr at 1
meter. An additional 1" of lead is required for off-site
shipment.

Since the pump contamination is considersably lower than the
cold trap contamination, dose rates from scattered radiation
will be considerably lower, as can be seen from Figure 1.
Thus, scattered radiation will not present any serious
exposure problems during handling of the sodium pump.

730-v-45 (REV 5-59)
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