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STATE OF WASHINCTON

DEPARTMENT OF ECOLOGY

7601 W. Cleanwater. Suite 102 ® Kennewick. Washington 99336 ¢ (509} 546-2990

July 7, 1994

Mr. J.D. Bauer, Program Manager

Office of Environmental Assurance, Permits, and Policy
U.S. Department of Energy

P.O. Box 550

Richland, WA 99352

!” R.E. erch, Deputy Manager
Restoration and Remediation
Westinghouse Hanford Company
P.O. Box 1970

Richland, WA 99352

Dear Messrs. Bauer and Lerch:
Re:  Tank 241-CX-72 at the Strontium Semiworks
Following receipt of your October 25, 1993, letter to Dru Butler, Hanford Facility Dangerous

Waste P; ~ * Mermit Application Form 3. R = for the 241-CX Tank System
(WA7890008967), questions were raised regarding tne safety of tank CX-72 and the advisability

of deferring sampling of the sludge in this tank.

The Washington State :pa ient of Ecology (Ecology) has concluded its review of the
conditions in Tank CX-72, and now agrees to the deferral of sampling- work on the
200-SO-1 operable unit begins. We also accept the Part A Permit Application as complete. For
your inft on, I am including a copy of the "Safety Assessment of Hanford Strontium
Semiwoin, . unk 241-CX-72," prepared fo1 ..cology by our contractor, Black & Veatch.

To ensure that conditions in Tank CX-72 do not deteriorate, I am requesting that the following
measures be taken until  : 200-SO-1 workplan deems otherwise:

. Maintain the building over Tank CX-72 in its present condition

. Prohibit the use of this building for any purposes other than the current one
. Preserve access to the drywell in tank CX-72 -

. Conduct monthly inspections to verify compliance with the above conditions

.
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With these conditions met, Ecology is satisfied that the waste in Tank CX-72 can continue to be
¢ ly stored until waste removal occurs in conjunction with the 200-SO-1 site remediation.
Under milestone M-20, Ecology would have expected a closure plan for the 241-CX Tank
System by May 1996. Before integrating this closure plan into the operable unit workplan,
Ecology and USDQOE must agree on a new milestone for submittal of the workplan. Please
submit a proposed milestone for completion of the 200-SO-1 workplan to Ecology and the U.S.

Environmental Protection Agency no later than August 8, 1994.

If you have any questions about this matter please call Ms. Nancy Uziemblo of my staff at 736-
3014. :

Sincerely,
J : : ,
Kj’ac’m” ?,/74( Ltz
) "}4-}- \.QL'_
David L. Lundstrom
Nuclear Waste Program
DL:NU:mf

cc: Doug Sherwood, EPA
Administrative Record (200-SO-1)
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Mr. Mike Gordon B&Y Project 40478.020
May 5, 1994

plutonium mass and multiplication factor which are likely to be higher
than is actually the case.

We appreciated the opportunity to provide these services for the
Department of Ecology. John Kirkland assisted with this work by doing
the majority of the criticality calculations. We also had help, and at
times, advice, from Dr. M. John Robinson, former faculty member at
Kansas State University (KSU)and presently Partner-in-Charge of Nuclear-
related projects for Black & Veatch.

Should you require clarification or additional information, or should
you have any questions or comments, please contact us.

Very truly yours,

BLACK & VEATCH

Lie il Sol
Ernest L. Seth

. F. Drbal

. M. Prewitt

. C. Kirkland
. L. Seth/File
Bailey

cc:

oMmcGOorr
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SUMMARY

An analysis was performed to estimate the potential for nuclear criticality under worst
case conditions in Strontium Semiworks Tank 241-CX-72. A mixrure of transuranic
nuclides equal to the average mixwure previously calculated to be in other single shell
tanks at the Hanford site was used as the basis for calculation. Worst case conditions
were assumed to be those in which the heavy metals present were homogeneously mixed
with water in the 11-foot section of the tank now containing essentially dry waste.
Calculations of the infinite multiplication factor were carried out using the full range of
combinations of both the fluoride and oxide forms. Results indicate that the infinite
multiplication factor lies between values of 030 and 0.45. Given the assumptions and
the geometry of the problem. the effective multiplication factor, and therefore the
potential for an unintentional criticality event in the tank, is sufficiently low as to
indicate no further concern for such an event. Additional safety considerations beyond
those indicated in the report, such as the possibility of leakage of the contained waste
material. lie outside the scope of this report. -
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2.0 Document Review

The work represented by References 1 & 2 appears to be sound. It is recognized that
most of the information needed to gain a clear-cut, verifiable, understanding of the
physical processes occurring in the waste is unknown. Records 1 :essary for a complete
understanding of the chemistry and physics of the waste material do not exist. In the
absence of data, assumptions must be made in order to carry out even a simplified
investigation. References 1 and 2 attempted to fill in the blanks’ in the needed data by
both historical and radiological means.

In the "Discussion" section of Reference 1, it is pointed out that the accuracy of some o«
the historical information "...is highly suspect." This is attributed to several reasons,
among them the elapsed time and the nature of the record keeping at the time. Also
noted were the following:

1. Whether or not decontamination flush waste was stored in Tank CX-72 is still a
question.

o

Stated inventories of radionuclides are rough estimates and cannot be verified.

3. Although the compositions of the chemicals used in the separation processes and
decontamination were documented, there is no documentation of the amounts
used.

4. The quantities, concentrations and current chemical compositions of the matenals

L[l the tank are unknown.

use 'the n | the lack ~ formatic at the w e, radiological
measurements were ad oo could made: ding ' :nec ’
remove the waste, s . apply other means of invest’ ition or store the waste

in place. Many of these measurements were made by WHC, resuiting in Reference 2.

Reference 2 is a report on an attempt to characterize the waste in the tank by
radiological analysis. The methods used in the study appear to be sov i, though the
scarcity of information relating to Ecology’s concerns makes it understandable that
questions would remain. From the standpoint of the questions asked by Ecology, the
only points at which results presented in Reference 2 may be questioned are linked by
the alpha-n cross sections. These are the assumption that the chemical composition of all
the transuranics is the fluioride form, and the lack of information regarding criticality
considerations. The ’all fluorides’ as  aption, while probably not far removed from
possibility, is not cc ~rvative and is difficult to justify on the basis of the information
reported in Reference 2. It would appear that the criticality question was not considered
at the time the study was done and therefore must have been outside : scope of the
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3.0 Safewv and Criticality

Radiological safety concerns can not be limited to the criticality issue. It should be
noted that. according to Reference 2, various chemicals were used as solvents and
decontamination agents. These chemicals could attack the steel wall of the tank, over
the years. resulting in the potential for loss of integrity of the primary containment
barrier. The question of the possibility of hazardous material. such as chromium, being
contained in the waste in tank CX-72 is beyond the scope of this study.

« uls section of the report, for the convenience of the user, will first present definitions of
the notation. followed by the assumptions and data used in the following calculations.
Next. based upon the supplied data, a range of representative radionuclide compositions
of the waste material will be developed, followed by an analysis of criticality over that
range of compositions.



3.1

Report No. 94-003  Page 6 of 30
Notation 1d Definitions

atomic number density (atoms-cm?). The number of atoms of a particular
isotope per unit volume. Also used as the total number of atoms.

GAW gram atomic weight. The mass, in grams, of one mole of atoms of an element or

t.f.

s.f.

(e,0)

isotope.
barn. A unit of cross section measurement. 1b = 10 cm®.

microscopic cross section (b) where i represents either a for absorption or f for
fission. The probability that a neutron-nuclear reaction of this type will occur.

macroscopic cross section (cm™) where i represents either a for absorption or f for
fission. The product of an atom density and a microscopic cross section. The
tal number of events of the given type which occur within the unit volume.

resonance integral (b) where 1 represents either a for absorption or f for fission.
Essentially a microscopic cross section average over all resonance regions.

fission multiplicity (unitless). The number of neutrons released from fission,
either neutron induced or spontaneous fission.

infinite multiplication factt  The ratio of the number of neutrons produced to
the number of neutrons absorbed in an infinite system.

subscript to denote thermal fission.
subscript  denote spontaneous  sion.

nuclear reaction in which an alpha particle is absorbed by a nucleus and as a
result emits a neutron. Also used as a subscript to denote an (a.n) reaction.

radioactive half life. The time required for one-half of a radioactive nuclide to
decay to its daughter product.

radioactive decay constant. The quotient of the natural logarith of 2 and the
radioactive half-life.

Avogadro’s Number. 6.022x ) atoms per gram-atom
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32 Assumptions

The following assumptions, along with a brief explanation of each, are used here and
should be noted.

L. Two groups of cross sections are considered. 2200 m-s™ cross section data are
used to approximate reactions in the the il range. Resonance integrals are used
to approximate cross sections for all energies above thermal. [n effect, the
resonance integral is treated as an average cross section for resonance levels.

2. When calculating resonance fissions. the value of the thermal induced neutron
multiplicity will be used. This is done >th for convenience and because
insufficient data on » for resonance energies was found.

3. While arguments can be made both for and against the use of average tank values
of radionuclide inventory in this study, the decision was made to use the single-
shell tank radionuclide inventory from WHC-EP-0616 as the basis for further
criticality evaluation. The composition of the waste assumed to be contained in
Tank CX-72 is, therefore, that provided by the Washington Department of
Ecology, from Tank Waste Technical Options Report WHC-EP-0616 (Reference
3). Only the heavy transuranic nuclides and the constituents of oxides, fluorides
and water (O,, F,, H,) will be considered in this analysis. Exclusion of other
materials is conservative in the determination of £,. For the purpose of this
study, a conservative sc._1rio was chosen in which all fissile and fissionable
material is contained in a homogeneous water solution. This results in a
conservative upper limit on the infinite multiplication factor.

4. Tank CX-72 is assumed to have a radius of 20 inches and a waste layer height of
11 feet, a- 2,7 0 suis is ce_jistent with the
DOE/W e ch was supplied and with Depa nent of Ecology
assumptions. '

s. A volumetric neutron productioxi rate of 7 n-s™-cm? is assumed, which is

consistent with the WE._ radiological study of Tank CX-72. Taking tank volume
into account, this results i total ““utron production rate of 1.9026 x 10" n-s™.
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T, = Njx(ag,+ 1) (3.5-3)

The number density, N, is the number of atoms of a material per unit volume. Thus the
number density of nuclide i can be calculated by
mxN,

- 3.5-4
N GAWxV ( )

As is seen in Eq. 3.5-4, the number density is a function of the mass of an isotope, which
was determined in Section 3.4.

The worst-case scenario in Tank CX-72 would be that in which the entire v¢ 1me
containing the waste is filled with water. In other words, all of the constituent materials
would be dissolved in water occupying a volume of 2.718x 10° cm’.

Equations 3.5-1 through 3.54 were used to estimate the value of k, in the tank with all
transuranic materials as oxides and with all as fluorides in the worst-case scenario.
Tables 3.5-1 and 3.5-2 summarize the respective results of these calculations.

It should be noted that in the oxide form, all heavy materials are assumed to be in the
form XO,. Thus for every atom of a transuranic material, there are two atoms of
oxygen. In the fluoride form, uranium is in the form UF, and plutonium is in the form
PuF, The neptunium, americium, and curium isotopes are assumed to be in the same
chemical form as plutonium. As is seen from the absorption cross section for fluorine in
Table 3.5-2, the contribution is small. Hydrogen and oxygen are present in both cases
due to the presence of water. Assuming the density of water is 1.0 g-cm”, there is a

number of molecu  of water - to Avogadro’s number per cubic centimeter of
volume. With a gram molecu ghtof 18, "+~ ‘ito: ver density of
6.691x 10” atoms-cm™ of hydrogen, and 3.346x 1 n - foxyg: inthe 1k

due to the presence of water.

Table 3.5-1 indicates that a tank containing only transuranic oxides yields a k, of 0.4565,
well below what would be required for criticality. The tank containing an all-fluorides
mixture yields a k. of 0.3017, which is lower stll

Equations 3.5-1 through 3.54 can be used to calculate k., for mixed oxide-fluoride
materials in the tank, since the total masses of each form are already known. The mass
of each of the materials is directly related to the percentage of that particular form in
the tank. For example, in Section 3.4, it was determined that the mass of waste
consisting of 100% oxides would be 2.362x 10? g, while that consisting of 100% fluorides
is 3.384x 10° g. If an analysis were desired based on the assumption that the tank
contains 50% of each chemical form, the total mass in the tank would t/  be found to












Table 3.5-3. Effect of Varying Oxide
Percentage on k., (Wide Range)
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Percentage of Oxides

Density of waste

(g-cm?) K.
100 (all oxides) 86.9144100 0.4565482
95 82.6309400 0.4564123
90 78.3474900 0.4562616
85 74,0640 0.4560936
80 69.7805700 0.4559052
75 65.4971100 0.4556920
70 61.2136500 0.4554492
65 56.9301800 0.4551698
60 52.6467400 0.4548453
55 483632700 0.4544636
50 44.0798100 0.4540080
45 39.7963400 0.4534547
40 35.5128800 0.4527689
35 3770 0 0.4518960
30 26.9459600 04504+ o
25 22.67~5000 0.4491697
20 18.3790400 0.4468639
15 14.0955800 0.4431772
10 9.8121180 0.4363385
5 5.5286560 0.4192867
0 (all fluorides) 1.2451950 0.3( 1939
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Table 3.5-4. Effect of Varyving Oxide
Percentage on k, (Narrow Range)
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Percentage of

Densiry of waste

Oxides (o-cm™)
20 18.3790400
19 17.5223500
18 16.6656600
17 15.8089600
16 14.9522700
15 14.0955800
14 13.2388900
13 12.3822000
12 11.5255000
11 10.6688100
10 9.8121190
9 8.9554270
8 8.0987350
7 7.2420420
6 6.3853500
5 L5280 10
4 4.,..960"
3 3.8177730
2 2.9585810
1 2.1018890

0 (all fluorides) 1.2451970

K.

0.4468640
0.4462691
0.4456140
0.4448885
0.4440812
0.4431773
0.4421581
0.4410002
0.4396732
0.4381372
0.4363385
0.4342037
0.4316282
0.4284606
0.4244696
0 8
0 10
@ 39
03869105
0.3601065
0.3016941



















g
Py

Report No. 94-003  Page 29 of 30

vue present value of k. in the tank can be expected to be 0.1 or less. With such a low
multiplication factor, the neutron source required to produce meaningful results from an
active neutron interrogation would be large. Such an active source would complicate the
procedure safeguards and increase the cost for little, if any, gain. While many
uncertainties exist, the foregoing considerations cause doubt about the cost-benefits of

such a procedure.
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