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INTRODUCTJON

The In-Tank Precipitation process (ITP) receives High Level Waste (HLW)
supernatant liquid, commonly referred to as salt solution, containing
radionuclides in waste processing tank 48H. Sodium tetraphenylborate,
NaTPB, and monosodium titanate (MST), NaTipOsH, are added for the
removal of radioactive cesium and strontium, respectively. In addition to
removal of radio-strontium, MST will also remove plutonium and uranium.
The solids which contain the radioactive cesium and strontium are separated
from the decontaminated supernate by filtration. The decontaminated
supernate is transferred to tank 50H, which is the feed tank to Saltstone.

Sodium tetraphenylborate and MST are metered into the process tank and
slurried by pumps with the salt solution. After filtration of the resulting
slurry, fresh salt solution and NaTPB are added again and the process
repeated two more times. After three process batches the tetraphenylborate
and MST solids are washed, filtered, then transferred to the precipitate storage
tank 49H. Later the slurry is transferred to the Defense Waste Processing
Facility for incorporation into borosilicate glass. '

The solutions fed to the ITP process are alkaline waste supernate, resulting
from the neutralization of high level acidic waste generated in the
Separations Canyon facilities. The majority of the feed solutions to ITP will
come from the dissolution of crystallized salts that had been produced by
evaporating and cooling the supernate liquid. The crystallized salt is
commonly referred to as saltcake. Cesium is highly soluble in the supernate;
whereas, strontium, uranium and plutonium are only slightly soluble. The
concern for criticality safety arises from the adsorption of uranium and
plutonium onto MST. Both uranium and plutonium have fissionable
isotopes. If sufficient mass and optimum conditions are achieved then
criticality is physically possible.

This report focuses solely on the accumulation of uranium and plutonium
during ITP processing and precipitate storage. The concentration of uranium
and plutonium from solution into the smaller volume of precipitate
represents a possible concern for criticality. An extensive experimentation
program was undertaken to define the physical and chemical properties of the
sodium titanate and the uranium and plutonium solubility in ITP waste
solutions. The results of the experiments in addition to criticality safety
calculations provide the basis of the analysis in this report.
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SUMMARY

Criticality safety in ITP can be analyzed by two bounding conditions; 1) the
minimum safe ratio of MST to fissionable material and 2) the maximum
fissionable material adsorption capacity of the MST. Calculations have
provided the first bounding condition and experimental analysis has
established the second. This report combines the two conditions evaluating
the potential for criticality in the ITP process due to the adsorption of the
fissionable material from solution. This report demonstrates that the
potential for criticality due to adsorption of fissionable material by MST is
incredible.

BACKGROUND
Accumulation Mechanism

The ITP process contacts HLW solutions with sodium tetraphenylborate and
monosodium titanate to remove radioactive cesium and strontium. The’
concern for criticality safety arises from the adsorption of uranium and
plutonium onto the monosodium titanate, the adsorbent agent for
strontium. The settling of the material effectively concentrates any adsorbed
uranium and plutonium into the volume of the settled mass. Since
uranium and plutonium have fissionable isotopes®, the concentration and
accumulation of the fissionable material is a possible concern for criticality
safety.

MST is added during the first batch of a three batch ITP process cycle, and
NaTPB is added every batch. Current plans are to add 0.3 grams of MST for
every liter of solution to be decontaminated. This leads to approximately 1000
kilograms of MST added for every ITP process cycle.[1,2]

The criticality scenarios for ITP analyzed in this report involves first the
accumulation of the fissionable material solids in eddies or mounds formed
by agitation of the solids during mixing or liquid additions in the ITP
processing tank 48I1. The settling of the solids does not necessarily represent
a criticality scenario. A homogeneous distribution of the fissionable material

*Itis important to point out that when discussing chemical behavior, elemental names are
referred to versus isotopes. As an example, all uranium isotopes behave chemically the same
but only a few isotopes of uranium are fissionable, capable of causing a criticality, or fissile,

capable of causing a criticality when moderated.
LR



WSRC-TR-93-171
Rev. 0

Page 4 of 21

solids across the tank bottom would be within safe areal density limits.[3]
However, the thin slab layer of solids on the tank bottom is uncontrolled and
agitation will alter the geometry of the solids possibly producing a geometry
of concern. The second scenario is the accumulation of multiple batches of
precipitate in ITP tank 49H, the precipitate storage and feed tank to the
Defense Waste Processing Facility.

To analyze these scenarios for criticality, an experimental program[4,5] was
prepared to determine the capacity of the MST to adsorb both uranium and
plutonium. The experiments covered a bounding range of MST
concentrations and utilized the maximum solubilities for uranium and
plutonium in the alkaline ITP solutions. These studies have provided
loading equations for a range of MST concentrations. In addition,
temperature effects were analyzed since during agitation the solution
temperature will increase. The operating temperature is bounded by
allowable corrosion control conditions.[6]

In addition to the experiments, nuclear criticality safety analysis calculations
[7,8,9,10] have been performed to determine the safe bounding conditions for
mixtures of MST and fissionable material. A major component of MST is
titanium which is an effective neutron absorber and strongly influences the
calculations. Initial k-infinite calculations evaluated an infinite mass of MST
with varying fissionable material content. K-effective calculations evaluated
the actual process condition of limited MST mass and variable fissionable
material content. These calculations have also been used to define a
conversion factor for plutonium to uranium [10] in the MST matrix to allow
comparison of the fissionable isotopes to safe values.

In April of 1983 a full scale demonstration of ITP was completed.[11] The
process was performed with salt solution from tank 24H. Very little
plutonium was present in the solution though most was adsorbed onto the
MST particles. Uranium was not tracked during the demonstration. Later
analysis of the solids in the tank indicated the weight percent loading of
uranium and plutonium to be much less than conditions evaluated in this
report. The fissionable material loading was one tenth the infinite safe
loading value of 1.96 wt% for 235U.[12]

Fissionable Material

This report evaluates the criticality potential for uranium and plutonium, the
most abundant fissionable elements in HLW. Other fissionable actinide
elements, such as neptunium, americium, and curium, may also be present
but are many times less abundant in HLW. |
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For the ITP process the fissionable elements/isotopes of concern are the fissile
isotopes.*™ The process involves solutions and solid slurries maintaining
sufficient hydrogen present to allow the non-fissile but fissionable isotopes to
be ignored.[13] In addition, there is sufficient hydrogen present in MST for
this basis.[10] This eliminates the need to evaluate the criticality safety impact
of many of the fissionable but non-fissile actinide isotopes/elements.

Americium and curium have fissile isotopes and are present in HLW. The
mass of americium and curium in HLW is many times less than uranium
and plutonium and the non-fissile isotopes greatly exceed the fissile
isotopes.[14] The small mass of these elements entering the waste tanks is
distributed throughout a few tanks. The soluble fraction of these elements
would have been further distributed and diluted during evaporation
operations involving; concentrate recycle and saltcake deposition. The very
small contribution of americium and curium fissile isotopes to the much
larger quantity of uranium and plutonium fissile isotopes led to these being
ignored in this analysis. Sample analysis of ITP salt solutions and solids will
allow continued confirmation of this assessment of americium and curium

impact. '

Uranium has two major fissile isotopes, 235U and 233U. Uranium in F-area
HLW is predominantly depleted and natural uranium, (>99.2wt% 238U), from
plutonium production. In H-area the HLW contains enriched uranium due
to losses in the HM process for recycled enriched uranium (waste has received
up to 86wt% 235U though mixing with lower enriched material reduces this
value)[15,16,17,18]. A very small quantity of 233U is also present from a few
Thorex processing campaigns distributed between eight sludge tanks. In a salt
tank, 233U bearing supernate would have been blended with supernate from
tanks of varying uranium enrichment when deposited as saltcake. As a
result, the 233U content of solution going to ITP is many times less than the
235U content and is assumed to be represented by an equivalent 235U in the
analysis.[19]

Plutonium also has two fissile isotopes, 239Pu and 241Pu. Both isotopes are
present due to plutonium process losses and as waste from recycled enriched
uranium processing. In HLW, 241Pu can be directly evaluated as 239Pu. This
is allowed when the 240Pu content is greater than the 241Pu due to the
neutron adsorbing properties of 240Pu competing with the fissioning of
241py.[13,20]

™ Fissile - capable of undergoing fission by interactiorwwith slow neutrons.
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Safety Margins

This report conserv'atively evaluates the fissionable material by initially
assuming 100% 235U and 100% 239Pu. The impact of decreasing the uranium
235U isotopic percentage, or enrichment, is also determined to evaluate the
margin of safety presented by the analysis.

An undetermined safety margin is provided by the precipitating agent for
cesium, tetraphenylborate. The boron in the precipitating agent is an
excellent neutron adsorber (isotope 10B) and is present in varying
concentrations during each process operation. Boron was ignored in the
analysis because it's presence, or ratio to MST solids, cannot be guaranteed for
certain steps of the process. Tetraphenylborate solids will be the greater
fraction of solids in the ITP process versus MST. [1,2]

Another undetermined margin of safety in this analysis is the ability of the
material to accumulate, particularly in the spherical geometry used in the
calculational model. An incredible random event would have to occur for
the required mass, volume and solids concentration to achieve the optimum
spherical conditions for criticality. '

ANALYSIS

The analysis utilizes data from the loading experiments and criticality safety
calculations to define bounding conditions for the process. The first step in
the analysis uses the safe MST loading values from the calculations to
determine an expression for the safe maximum MST mass. The second step
defines the maximum equivalent fissionable material loading®* based on the
experimental data and the plutonium to uranium conversion factor defined
by the calculations. The maximum equivalent loading is then compared to
the safe MST mass to evaluate the potential for criticality.

Safe Monosodium Titanate Fissionable Material Loading
The criticality safety analysis begins with the determination of the safe weight

percent loading (or ratio) of uranium to MST for a given mass of
monosodium titanate. K-infinite and k-effective calculations [8,9] defining

** The MST fissionable material lvading is expressed as an equivalent 235U wt% loading since
in this analysis it represents the combined loading of fissionable isotopes converted to an

equivalent 235U wt% loading. 5.
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these values were based on assuming 100% 235U. Each non-infinite MST
mass value was conservatively evaluated as a sphere at optimum moderation
conditions (H/U ratio). The data below is the basis for defining the
relationship between the maximum safe fissionable material loading on MST
and the maximum safe mass of MST.

Safe MSTMass  Safe U-235 Loading

Infinite 1.96 wt%
15,000 kg 2.2 wt%
2,400 kg 2.5 wt%
710 kg 29 wt%
570 kg 3.0 wt%

The safe mass and loading data can be fitted to logarithmic curve equations
bounded by two ranges of MST mass.[10]

1) MST mass < 2400 kg Safe eq 235U wit% =6.618 Y 1% |y = MST, kg

2)  MST mass > 2400 kg Safe eq 235U wt% =4.303Y 7 |y =MST, kg

Throughout the remainder of the report the equation for the curve
representing MST masses greater than 2400 kg is used. This curve is
conservative for the range of values represented by equation 1) and does not
impact the analysis.

Safe Maximum Accumulated Monosodium Titanate Mass

Since the accumulated monosodium titanate mass (Y ) can vary for each
criticality scenario being analyzed the equations defined above can be

expressed in terms of the safe equivalent 235U wt% (Z ) by the following:

Safe eq 25U wt% = Z = 4303 Y 0% for MST mass > 2400 kg

Solving for the safe mass of MST gives,

3) Y = 10L°g 4303/ Z) /007

= safe mass of monosodium titanate, kg

If a fissionable material wt% loading is provided, expressed in terms of
equivalent 235U, the maximum safe mass of MST can be determined using
equation 3) above. The value (Y ) represents any MST mass added to the tank
or an accumulation of MST mass dependingion the scenario being evaluated.
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Maximum Equivalent Uranium-235 Wt% Loading

Experiments on uranium and plutonium solubility and monosodium
titanate adsorption were conducted to determine maximum bounding
conditions for fissile material loading. Based on the resulting data and a
plutonium to uranium conversion factor for the material matrix, the
maximum equivalent 235U wt% loading values were determined for any

given monosodium titanate concentration

**** or individual mass addition.

The conclusion of the experiments and criticality safety calculations
determining a Pu-U conversion factor were as follows:

The maximum uranium wt% loading on MST is defined by the equation
1.8 - 0.29(x), where (x) is the MST concentration in grams per liter. The
equation represents a 3 ¢ confidence level and was determined for MST
concentrations from 0.05 to 0.51 grams per liter.[4]

The maximum plutonium wt% loading on MST is defined by the
equation 0.29 - 0.20(x), where (x) is the MST concentration in grams per
liter. The equation represents a 3 ¢ confidence level and was determined
for MST concentrations from 0.05 to 0.51 grams per liter.[4]

Uranium competes with plutonium for the limited adsorption sites on
monosodium titanate. Uranium solubility is about an order of magnitude
greater than plutonium in waste solutions.[21] Consequently at saturated
uranium and plutonium concentrations, uranium loading will be greater
than that of plutonium.

The 239Pu to 235U conversion factor (V) is defined in terms of the total
system or mass matrix being evaluated. The conversion factor is expressed
by the equation V = (2.3 - (9.0/4(Y ), where (Y ) is the MST mass, kg,
being evaluated.[10} If evaluating the criticality potential of a single MST
mass addition (X ) into the process tank then (Y ) is equal to (X'). When
evaluating an accumulation of MST then (Y ) represents the total
accumulated mass being evaluated.

The maximum equivalent 235U wt% loading is defined by,

4)

Max. eq 235U wt% = (wt% U on MST) + (V }wt% Pu on MST)

**¥* MST concentration refers to the MST mass distributed in the [TP salt solution while
agitated and well mixed. ..
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Substituting for the maximum wt% loading of uranium and plutonium and
the conversion factor-for 239Pu to 235U gives,

Max. eq 235U wt% = (1.8 - 0.29(x)) + (2.3 - 9.0/3(Y })(0.29 - 0.20(x))

The lower the concentration (x) used in the loading equations above gives the
maximum wt% loading for plutonium and uranium. Therefore, assuming
the MST addition mass (X ) is distributed in the entire tank volume defines
the maximum bounding eq 235U wt% for equation 4). This is a conservative
assumption since the actual process operating liquid volume is less than the
maximum tank operating volume capacity of 1.3 million gallons.

(x), g/1 = (X kg (1000 g/kg) / ((1.3E6 gallons)(3.785 liters/gallon))
(1), /] = 2,084 (X)

Incorporating this bounding condition results in the following,

5) Max. eq 235U wt% = (1.8 - 5.8E-5 (X)) + (2.3 - 9.0/V(Y )(0.29 - 4.0E-5 (X))

Maximum Eq U-235 wt% Loading to Safe Monosodium Titanate Mass

The maximum eq 235U wt% loading determined by equation 5) can be used to
determine the maximum safe mass of MST (Y ) using equation 3). To
perform the determination, an MST mass addition (X ) is assumed defining
the fissionable material loading using equation 5). Then the two equations
can be solved for the remaining common variable, the maximum safe MST
mass (Y ). This is required due to the Pu-U conversion factor being dependent
on the maximum or total MST mass being evaluated.

The graph below depicts the results of solving these equations for various
MST mass additions (X ). Also presented on the graph is the required number
of MST mass additions (X ) required to obtained the maximum sate MST
mass (Y ). A typical MST addition in the ITP process is expected to be
approximately 1000 kg [1] (dependent upon the salt solution strontium
content).

Example: A MST mass addition of 1000 kg could adsorb uranium and
plutonium to an equivalent 235U wt% loading value of 2.29 wt%. This 235U
wt% loading is safe for 8942 kg of MST as depicted in the graph. Since only
1000 kg of MST was added to the tank, at least cight (8) more additions of 1000
kg, each resulting in the same maximum equivalent 235U wt% loading value
of 2.29 wt%, is required before exceeding thetsafe allowable MST mass.
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The spreadsheets used to develop the data displayed in the graph are
contained in Attachment 1. An initial Pu-U conversion factor (V) is required
to begin the calculation. The initial conversion factor allowed the
determination of an initial equivalent 235U wt% value using equation 5) for
each MST addition (X ). Next the maximum safe MST mass (Y ) was defined
using equation 3). This then allows a new Pu-U conversion [actor (V) to be
determined since the conversion factor is dependent on the total MST mass.
This continues until convergence is reached, i.e. the maximum safe MST
mass and conversion factor no longer change.

Criticality Scenario Discussion

For each MST mass addition, the fissionable material loading is defined by the
MST mass concentration during processing. The distribution, or
concentration, of the MST mass in the ITP salt solution provides the
maximum chemical potential between the soluble fissionable material and
the distributed MST particles. The actual ITP process involves allowing the
MST particles to settle between process batches then repeating for two more
batches, or contacts, with new salt solution. The loading of fissionable

material, no matter how many contacts or batches of salt solution, remains
Y,
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bounded by the chemical potential or relative concentration difference
between the fissionable material in solution and MST distributed
concentration. If good distribution of the MST in the liquid volume is not
achieved then the relative MST concentration is greater and the fissionable
material loading less, see 'Maximum Equivalent 235U Wt% Loading’
discussion above. After the three batches of salt solution, the precipitate is
washed with inhibited water removing the remaining salt solution to
Saltstone. The fissionable material loaded MST mass is then slurried and
transferred to the precipitate storage tank 49H.

No individual addition of MST mass in the ITP process, per the graph above,
represents a concern for criticality. The criticality scenario defaults to
evaluating the potential for multiple additions of MST involved in multiple
ITP process cycles accumulating. Accumulation does occur in ITP tank 49H
where the ITP precipitate is stored before transfer to the Defense Waste
Processing Facility. Accumulation could also occur in the ITP processing tank
48H if material was not completely removed between process cycles.

As indicated in the graph above, which assumes 100% fissile isotopic content
of uranium and plutonium, a minimum of eight (8) MST mass additions is’
required before sufficient mass can accumulate representing conditions for
criticality. Again this only indicates sufficient mass is present, not the
required optimum geometry and moderation for criticality.

Tank 49H will receive and accumulate multiple batches of MST along with

precipitate resulting from the added NaTPB. The anticipated process

condition is to accumulate solids from six ITP process cycles, or six MST mass

additions, in tank 49H. The bounding condition of assuming 100% fissile

isotopes does not provide a sufficient margin of safety when comparing eight -
MST mass additions to the six anticipated. Since the maximum bounding

scenario of assuming 100% fissile isotopes does not lead to a totally incredible

condition, additional bounding conditions are evaluated.

Fissile isotopes are not 100% of the isotopes of uranium and plutonium
present in the waste tanks. In the analysis below the impact of the non-fissile
isotopes is determined. The non-fissile isotopes are conservatively evaluated
as diluents only and not for their neutron absorption characteristics.

Uranium Enrichment Effect on Safe Values

Uranium enrichment in SRS HLW is not 100% 235U.[18] The uranium
enrichment can be bounded by the maximum enrichment used at the site and
from historical waste transfer data. In a‘ddition, the greater quantity of
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depleted uranium in SRS HLW, less than 0.7 wt% 235U, will greatly impact
the analysis.[17] Incorporating the uranium enrichment values increases the
required accumulated mass needed for criticality conditions demonsirated
above and consequently the required number of MST mass additions.

Correcting equation 5) for uranium enrichment and solving similarly to the
analysis above for various uranium enrichments results in the data
demonstrated in the graph below. A similar analysis could be performed for
plutonium; however, as demonstrated by the pronounced effect of uranium
enrichment on the required number of MST mass additions, this is
unnecessary. Data spreadsheets for this graph are contained in Attachment 1.

Equation 5) corrected for uranium enrichment results in the following,

Max eq235U wit% = (1.8 -5.8E-5(X D(wt%235U) + (2.3 -9.0/ (Y ))(0.29 -4.0E-5(X )))

Safe Number of Additions
Assumes 100% " Pu
140 .
130 : 86% U
120 : : Ei
110 3 H
100 £

Number of Additions

r

. e v v v
0 500 1000 1500 2000 2500 3000 3500
Individual Monosodium Titanate Mass Addition, kg

As indicated by the graph above the percentage of fissile to non-fissile
uranium isotopes (enrichment) has a significant impact on the potential for
criticality. This was expected since any decrease in the uranium contribution

§.
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of fissile isotopes adsorbed by the MST requires an equal increase in the
plutonium fissile mass/isotope contribution.

The highest uranium enrichment of waste sent to the waste tanks is bounded
by a value of 86% 235U.[18] Based on this bounding value, approximately 37
MST additions would be required to accumulate sufficient mass for criticality
conditions. As indicated previously, the anticipated process condition is to
accumulate solids from six ITP process cycles, or MST mass additions, in tank
49H. The required 37 MST additions for 86% 235U provides a substantially
larger safety margin versus the 8 MST additions assuming 100% 235U.

No salt tank has received only 86% enriched uranium. The highest estimated
enrichment value for a salt tank, 41H, is between 60% and 70%.[15,16] To
empty a salt tank, it is estimated to require 3 to 4 ITP cycles. Assuming the
estimate of 70% 235U, the required number of MST additions is greater than
200 versus the 3 to 4 required to empty the tank.

The process plan is to alternate between H-area salt tanks and F-area salt tanks
for saltcake removal. F-area waste consists of depleted and natural uranium;
therefore, salt tanks receiving supernate from F-area tanks contain depleted
and natural uranium. Once an F-area tank is process through ITP, and the
MST accumulated with higher enriched uranium loaded MST, the required
accumulated MST mass for criticality conditions increases significantly. Data
spreadsheets in Attachment 1, pages 20 and 21, demonstrate the impact of
decreasing enrichment values.

CONCLUSION

The analysis above demonstrates the application of the calculated k-effective
data and MST uranium and plutonium loading experiments. The analysis
provides bounding conditions for the criticality scenarios. For the extremely
conservative case, assuming 100% 235U , at least eight (8) MST mass additions
are required before sufficient mass for criticality can accumulate.

The more realistic bounding enrichment case, 86% enriched uranium,
requires at least thirty seven (37) MST mass additions. If ITP processes three
cycles per year, then at least 12 years operation are required before sufficient
mass for criticality can accumulate. Since most of the uranium contained in
waste has an enrichment much less than 86% the required number of MS5T
mass additions will greatly exceed thirty-seven (37). Based on these
conditions criticality is deemed incredible since the number of MST additions
required to accumulate sufficient fissionable material for criticality will exceed
the number of ITP cycle operations required to empty the salt tanks.
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It is also deemed incredible to assume the MST mass representing thirty-
seven (37) mass additions, 37,000 kg, could accumulate as a sphere at the
optimum mixture density, greater than 1750 grams per liter [9], for criticality.

ACTIONS

Process variables, actinide concentrations and isotopics, should be monitored
throughout processing as a confirmation verification of the safely basis
established by this report. The requirement for monitoring these variables
should be identified in the ITP Process Requirements. This requirement
should not be considered mandatory for process operations if the impact on
personnel exposure and/or waste removal schedule is shown to be negative.

REFERENCES

1. D.D. Walker, "Material Balance for the In-Tank Precipitation Process
with Late Washing," WSRC-RP-92-396, April 16, 1992.

2. D.D. Walker and B.A. Hamm, "Material Balance and Planned

Operating Schedule for the In-Tank Process,” WSRC-RP-89-1303,
December 27, 1989,

3. ANSI/ANS-8.1-1983, "Nuclear Criticality Safety in Operations With
Fissionable Material Outside Reactors," October 7, 1983.

4. D.T. Hobbs and S.D. Fleischman, "Fissile Solubility and Monosodium
Titanate Loading Tests (U)," WSRC-RP-92-1273, February 12, 1993.

5. D.T. Hobbs and D.D. Walker, "Plutonium and Uranium Adsorption on
Monosodium Titanate (U)," WSRC-RP-92-93, August 13, 1992.

6. In-Tank Precipitation Safety Analysis Report Addendum to DPSTSA-
200-10 Sup. 18, "Safety Analysis-200 Area, Savannah River Plant,
Separations Area Operations, Liquid Radioactive Waste Handling
Facilities," August 1988.

7. T.A. Reilly, "Nuclear Criticality Safety Analysis 88-3 Nuclear Criticality
Safety of In-Tank Precipitations", DPSP-88-272-55, May 16, 1988.

8. A.Q. Goslen, "Nuclear Criticality Safety Analysis WM-92-1, Maximum
Safe Loading of U-235 Monosodium Dititanate, Rev.1 (U)", WMR-

WMT-920788, July 1, 1992.
'R




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

WSRC-TR-93-171
Rev. 0

Page 15 of 21

A.Q. Goslen, "Nuclear Criticality Safety Analysis WM-92-2, Maximum
Safe Masses at Various 1J-235 T.oadings on Monosodium Dititanate,
Rev.l (U)", WMR-WMT-920979, July 27, 1992.

A.Q. Goslen and C.E. Bess, "Nuclear Criticality Safety Analysis WM-93-
1, Determination of the Safe Accumulated MST Mass for any MST
Mass Addition in the ITP Process (U)", WER-HLE-930553, February 22,
1993. ‘

D.D. Walker and B.A. Hamm, "Sample Analysis from the Full Scale In-
Tank Demonstration of the Precipitation Process,” DPST-83-695, July 21,
1983. :

C.E. Bess, "Criticality Safety Basis for ITP Tank 48 Content (U)," WER-
WME-921077, August 24, 1992.

ANSI/ANS-8.15-1981, "Nuclear Criticality Control of Special Actinide
Elements,” November 9, 1981.

Special Nuclear Material Accountability Records (Classified: Secret)

].B. Justice and K.P. Vanevenhoven, "Salt Tank Uranium Enrichment

(U)," WER-WMT-920871, June 22, 1992.

A.T. Crumm, "History of Uranium Additions to Tanks 41H and 38H
(U)," WER-WME-920974, Rev. 1, September 15, 1992.

C.E. Bess, "Analysis of Waste Tank Uranium Receipts Based on
ALPHA (U)," WER-WME-920915, July 21, 1992.

W.S. Cavin, "Technical Review of WER-WME-920915," SRT-CTS-93-
0118, January 29, 1993.

ALPHA code data (Classified: Secret)

H.K. Clark, "Subcritical Limits for Special Fissile Actinides," Nuclear
Technology, Vol. 48, Mid-April 1980.

D.T. Hobbs, T.B. Edwards, S.D. Fleischman, "Solubility of Plutonium
and Uranium in Alkaline Salt Solutions (U)," WSRC-TR-93-056,
February 12, 1993.



WSRC-TR-93-171

a
Gt
o
o
01
.
5 &
o oV
-
=
2,
[S4)
2
o
@]
:
<«

001/{€$2/¥$21.120= o0l/(esa/v$a). 128~ =Dy ssel N[ ¥ 2
001L/9D.122°% 00L/98.128°= = Oy ‘ssep nd
19/129= 19/128= =seydega| z 2
(zo0A({ozose0e r) DO }vO L= (20'0/{{oza/coe'r)D01))vO L =By ejes . MON]| | 2
610.980+¢$D= 618.958+¥$8° =nbe ,MeN| O 2
({g10)140DS/6)-£°Z= {(g1a)LUyDS/6)-E°2= n-nd .MeN[ 6|
(zo'0/A(Z1o/e08°r)DOT))vOL= (20°0/{{L19/c0E'¥)D0OT))vOLS =By ojes .MmeN[g8 |
910,980+¢$0= 919,988+vs$A= =nbe MmoN[/}
{{g12)1lHDS/6)-£2= ({s18)1HDS/6)-€'2= fn-nd ,MeN|9}
{to'0/{{rLD/c0E )DOTNvOL= {zo'o/{{rra/coev)DOT))vOLE =By ojes MeN| G} |
€10,980+1$0= €£18.988+p$8= =nbe MeN|{ 3
({z10)1HDS/6)-E'2= {((zig)L HDS/6)-£'2= -nd MeN|E L
(20’0 ({1LD/E0E Y)D OO L= (zo"o/{{s1a/20E° 9)DO1))vOL= =By ejag MeN|Z |
019.980+1$2= 0:d.9$8+¥$8= =nbe meN| | |
{((62)11HDS/6)-EZ= {(68) LHDS/6)-€2~ i-nd MeN[Q |
{Z0°0/{(82/£0E°'¥)D01))v0 1= (zo'o/{{gg/coe’¥)901))v0 L= =By ojes| 6
12.92+pD= {z8.98)+¥8= =n be
, sz°2 sz'e =geZn-6€2nd| £
69.(20.2°0-62°0)= 68.(28.2'0-62°0)= =UO(jo84) WM Nd
s$as= L=| =uopoBy M 6EInd| §
£0.(22.62°0-8°1)= £6.(¢H.62°0-8"1)=] =uojoes im seen| t
£$d%= $6°0 =yauue n| §
(582°£,00000€1)/0004:12= {¢8.°£.,00000€1)/0001.,L8= =/6 ‘auog ISA| Z
00S 00E =By ‘ssepy LS| |
0 a v

SYINWHOL 138 vivad




WSRC-TR-93-171

Rev. 0

ATTACHMENT 1

Page 17 of 21

continued

"R S I G e I o v N u o ow
1 o [} o o o o o o (=] (=] Q o
o [} o <O o o o o (=) (=] o o
m LZIEE |EL 00sz
) 629v2 |11 0022
14 Lib8L 0L 0061
9 [[6LESL |6 00Z1
g ¥S.LZL |6 005}
or |6seot |8 00EL
2y |er68 |8 00LL
i zZozs |8 000}
vl llogess |® 006
S9E9 |6 00l
1ovs (1} 00S
009t St 00¢
uollppy SSell LS 19d paiinbay suonippy sseyj| Jequiny beppV 559 1SH
ejeg| peppy
ivs Liv ZIE 09z 812 vel gSL  |evl  [2EL  |ZLL 196 z8 =0y ‘ssey n
z9 6¥ 6€ vE 62 52 ze 0z 61 Lt Sl £l = by ‘seey nd
el LL ot 6 6 g8 8 8 8 6 LL St =seyaieg
[ZIEE |629¢Z |LZbBL |6LEGL |vGiZ) (65904 |c¥68 2028 [0ESL (S9ES [10¥S |009F =By ejes , ,MeN
80°Z AN 91°2 6L°2 zZz'e sz'Z 8z'c_|62'C o'z |ecc |9E'C  [8EZ =nbe , ,MoN
sz'2 y2'2 €22 £2°2 2T 1z2°2 0z'z_loee lozc |6be [8ve [21°C n-nd_,.MeN
LTLEE |629FC |LLPBL 0ZESL lssizl |09901 [ev68 [20Z8 [LESL |99€9 [10vS [109¥ =By ejes . MoN
80°¢ zL'e 912 6L°2 zz'e sz'2 ez'Z |62'C |0e'Z |ec'T (9T |8E'Z =nbe ,meN
sz'2 vZ'2 €22 £2°2 ZZ'T 12°2 0z'z loz'z [ozec |6ve |8Le |L1'T N-nd .MON
JZ1EE 6z9¥Z |0.v8L |BLESL [2SIT) |/S901L (6E68 [8618 [9TSZ |09€9 [P6ES [T6S¥ =By ejes MeN
802 ZL'e 9Lz 61°C ZT'T S22 8z°'z l6g'Z |08'C |ec'Z  |9€°T  |BE'Z =nbe_,meN
se°¢ vZ'2 £€2°C €22 zz'2 122 1z'z 0z'c |0z'e |6’z lsve |iLZ N-nd_MeN
/ZLEE |6E9FPZ |06P8L |9PESL |88lZ1L (66901 6868 [2528 (£B8S. [STY9 |/9¥S |TL9P =By ejes MeN
80°C ZL'e 91°¢ 6L°¢ Z2'¢ T A 8z'Z  6Z'¢ |0E'Z |E€'Z |9e'T  |BE'T =nbe meN
sZ°2 vZ'z €22 £2°2 zZZ'e 1z’e 0z'z _joz'z 6L’z 8te LT [sbe nN-Nd MeN
\GLEE |98E¥Z |SS08L (28I |60ZZ) |0800L |EvE® |L6S. [2Z69 |8GLS |008% [LLOV =By ejes
802 zZ1'z TR 0Z'Z £2'2 8z°2 62'2_ log'z lgec stz |8e'e 'z =n be
sz°2 cz'e sZ'¢ S22 62'2 S2°¢C sz'2 lszz lsee |sge |s¢'T  |sT'T =geZn-6€znd
6L0 0Z°0 120 Zz'0 €20 vz 0 Sz'0 |sz'0_ |sz0 |sz'0 |20 [8Z°0 =uopoel} M nd
A L L L L L L L 1 L L I =uopoes) M eeTnd
[59°1 191 69°1 041 YA L1 vt Wwl'Lb ISZ'F (8l'L L'y 8L} =uoploBl} IM_SE2N
L 1 1 L L L L L 1 1 L 5 =yapue N
1805°0 |LZ¥¥ 0 |1L9BC0 |SS¥e 0 [8P0E'0 [2v92°0 (¥22°0 [€02'0 [€81°0 [ZvL'0 [910¢°0 [190°0 =|/B ‘ouoD JSW]
posz |00zZ |0o06L |00ZL [00SL [00EL oLL _1000L 006 [00Z [00S Q0€E =0y ‘ssey_LSW

leg eleq 4l




WGSRC-TR-93-171

Rev. 0

ATTACHMENT1

Page 18 of 21

continued

195 eleq dll

N R 2 3 & & 2 o0 © N v @ w
o (=] (=] (=] o (=] (=] (o] [ ] (=] o L]
o o o < < (=] L) (=] [ ] o (=] [ =]
0 v90S04 |2V 00sz
£699. |SE 0022
‘9995 |0€ 0064
8szor |LT 00L1
9E£08E IS2 0051
ZEELE (PT 00€EL
€009z (v2 00k
869€2 V2 0001
gLoLz [vZ 006
LE08L (92 00.
pOLSE [OE 00S
$s :Uﬂ u ] QO@NF (4 00€
UONIPPY SSEW LSW 19d paJinbed suomppy i peppy CooR IEH
ojes| peppy
9tZl 1821 lgse 98 |1s9 IS 15y €ib_ BLE |LLE 192  |eze = Bx 'sseW
861 vS i 0zL Z0t L8 ve ve 65 |SS iV Ly SE = By ‘sse nd
2y st o€ L2 Y vz ve vz ve Y LY zt =seyajeq
70001 [£699Z |99v9S (8SZ9v |9E08E [26ELE £009Z 869EZ BE9LZ |LEQGL [¥OLSL [¥692) =By oje5 L. MON
26'L o6t Joo'z  £0'z |90’z 180z 'z €Lz vbg_ |Lb'e (61T (TTT =nbe ,..MeN
izz  lz'z ez’ |8zt |sze  |sze  |ve'z vz (vee |eze |ezz  [2T°T N-Nd_..MON
v90501 [£699Z |99v96 |ec29y |9£08E |Z6ELE £009Z B86OEZ [BLILZ [LE08L[SOLSE [v69Z1 =Dy ejeg ,MoN
z6't  l96'L Jo0'z g0z . |eo'z [0z |Lb'z_ €Lz (yk'E |lL'Z [6L'T  [ZTT =nbe  MeN
izz  (izz ez __leze  |sze |szz vez wvZe |ve'e |eee |eeT 22T n-nd_.MeN
GoDSOL (1689 |L9v9S |6SZ9v |L£08E |I6ELE 20092 L69EZ (L1912 [9€081 [COLSL (16921 =By _ojeg_MoN
76'L  |96'L |00z |e0'z |90z _ 60’2 [tb'z |EvE vbZ |lL'Z [6L'Z (2T =nbe ,MeN
2z Tlzz |szz_ |ez'z_ |szz _|see  |vzz |vz'z [vz'z ez lezz _ |2T°T n-ng_,meN
000601 |Lv99Z |ZEv9S |6€29v |B208E [E6ELE |vL09Z [SLLEZ |6E9LZ (89081 |yrISL [EVLZY =By ejeg MeN
26'L  96°'L o0’z _|e0'z |90’z |eoe b’z ete (vie [lvz 61T (22T =nbe meN
izz  lizz Jez'z ecc  |sze  lsz'e (vzz |vze |vze |ece leze  [2T2 n-nd_MenN
LOve80L [v898Z [LLSZE |6p8ov 10LZ6E€ |ISELE |£5.5SZ SYEEZ [gLZEZ [91GLL[20SYL |SEOZ! =by_ejes
L6’ [Se'tL ooz g0z |90’z [80'z  [b'z (EbZ (LT [21e (02T €22 =n be
czz  lsz'z  lsz'z stz |see  |szz |szz |s¢z |see |see |sTZ (STE =gcen-6e2nd
5L°0 ou.o 12’0 |zz'0_|ez 0 l¥z'0___S20_ |SZ0 |sz'0 |920 |i20  |8Z'0 =uopoely 1M nd
L L L L I 1 L L L 1 L zuonoesy iM_eeznd
YL om I ze'l  les't |vs'b_ lg6'L  [86°L 146t [26'L _[8S'b |6S'L  |09°L =uo[or} M SEZN
6'0 60 60 60 60 60 60 60 |60 |60 |60 6°0 =yapue n
18060 [LZ¥v 0 |198E°0 |SGYE'0_|8v0E 0 |¢v9Z'0 |p2Z°0 (€020 [€8L°0 [2¥)°0 [9101'0 [190°0 =B Suod 1SM
oosz 002z loo6L |00Zt l00Sk looEr loott (000 (006 [00Z [00S [0OE =B ‘ssepy fSW




WSRC-TR-93-171

Rev. 0

ATTACHMENT 1

Page 19 of 21

continued

i i

— NN 2D e »® 25 e N oa oW
o (] [ ] o o o o (=] (=] (o} o o
o (=] o [ < o [ =] [o] o o [ ] [ ]
0 {[aeeril |69 00s¢
- L09vZL LS 00Z2
gs0Le (8F 0061
Zzevl |v¥ 00L1
92209 (0¥ 0051
9986t (8¢ 00€L
860LY |LE 001LL
TG 0001
PY66EE |BE 006
61282 |0V 00
60SEZ LV 008
S5961 (99 00€
UCHIPPY SSEW 1SW Jod palinbey suolippy e i bopbY S LSH
ejes| peppy
cvac 1180z  |Z€si |zozi [eeor |6s8  |eis 069 |ves [sev [9tv  [ose =By ssel n
rZE 0S¢ | A3 91 6t gLl 1014 £6 98 vi £9 Ss uwx ‘sse|y nd
69 LS -3 4 vy or gL LE LE 8E or iy 99 =sayaleg
B66LLL (209¢C1 9cOLe |2¢2r. (92209 9986t 860t |L9ELE |P66EE |6128C |60SES 66961 [an_ ejes , . MeN
co'L  |es-l €e'L |96l |66'L 20’z _ |s0'Z_[90°¢ [L0°Z |0bZ |EbT IStZ =nbe . meN
sz llzz  lze izt _jeez  |szz _lez'c |sz e iseZ |seC |vee  [pTE N-nd ..MoN
B66LLL (L09PZL 195016 NNNQN 9c¢.09 0086 |860L% [L9E.E |FEGEE |6128C |60SET 65961 umv_ ejes ,,MeN
58'l 68° L £6°1L 96’1 6671 T0°¢ s0°¢ 90°¢C L0°'¢ 0L'a g1°c 18 uﬁ..uo ~MON
sz l1zz  lizz  lizz  Jeez |szz _|ezez lszz |sce |sez |veze  [vTT A-nd_.MeN
000221 [609VZ1 |85016 |vZ2bl |L2100 |.986% |660L¥ |LICLE |¥66EE (61282 [80SET [E5961L =By ejes MoN
so1 leeL lee't _|9eL |66’k |20’z _|so'z_[e0'z |0 (ob'z |eL'z IStz =nbe_MmeN
sz'z 1zt liz'z lezz lezez leze |ezz_|szz |see |sec vz _ ve'e N-nd_MeN
888121 |6L6bZ1 |68606 |691VZ |58900 |6£86¢ |EBOLY [¢SELE |LEGEE |BZZBT [62SEL [SBI6L =By e4es MeN
S8l 68°L £€6° L 6’| 66"} <02 50°2 80°¢ 10°¢C oL¢2 E£EL'2 1 =nbe meN
82z iz lizz  |1zz__lezz _ lsz'z  lecz. |se'z |sze |sze |¥ZT  |ET'C n-nd MeN
[9EC6L1 £ZE6ZL |Z66E6 |2.29. 18029 (58905 |[S6¥LP t8G.E |S90VE [OVOBE |[C¥VLET [8b L6 nmz ejeg
ce'L  les't |e6'L |e6'L  |eet |20’z |vo'z |90°Z [l0z |oi'z [eyxZ [9L'Z =n be
ezz  lez'z lszz  |szz |see  |s¢c  |sez_|seez |seZ |see |see |SET =gezn-6eznd
610 oz'o _liz0 |zzo |ec0 _|re0o  |sz0 |sz0 |sz0 (920 [Lz0 [8T°0 Zuoposd) 1M nd
S L [ 8 8 I b I ! 8 L [§ l =ugpoel} M §eZnd
Zv 1 wb'l |spt Jov'L_ |ty lev'k  |ev'k_Josk [os'b [16') [eSk  [eSTL =uo|19v1] M SEZN
e8'0  log'0 leg0  |es 0 |es0 _[s8'0 [ee0 |98°0 [98°0 (980 [98°0 [98°0 Zypue n
1805°0 |1L.vb-0 [LoBE'0 |SSE'0 _|8YOE-0 |2v92°0 [pZ2'0 |€02'0 [€8L°0 (ZPL'0 [9101°0 |190°0 =/B_ouod ISW
oosz [oozz 006L 004t _|oosk looel |oort 1000k l006 (0oL l00S _ [00€ =6y ‘ssepy JSW|

leg eleqg dll




WSRC-TR-93-171

Rev. 0

ATTACHMENT 1

Page 20 of 21

continued

L palBA WBWYIUUT WNIUBIN
o o o o ] <
Ny 9 o © ® P ©
n » w0 s -] n o -
0
B 0§
L 001 viZ L0
A 9.0
S
Ix; ¥8'0
0se 0t 8870
N i 6l 260
uonipPpPY A 960
— i sse IS BY0001 tad pannbey suonippy 8 lequInN -_roE._o_.Em wnjuesn
peppy
LELE 1022 vEEL zzs L1S LEE 912 ¥l = By _ssew n
VES 9i¢ 161 gLl vl Ly LE 02 = by ‘ssel nd
riz L2t LL Ly 3 61 zth 8 =seyoieg
GlZvle 62/921L (S199. BEZLY L8962 Z0061 6LET z0zs =By ejeg , . MoN
zg8'L 681 96°L E0'Z 60°2 912 Te'e 622 =nbe . MeN
8z°2 122 lz'e 92'C S22 £2'C 2z'e 02’2 n-nd ..MeN
Slevie 62.92Z1L |S199Z gEZLY 18962 20061 6LE21 zZoze =By ejes .MeN
z8'L 68°L 98’1 £0'Z 60°'2 91z zT'2 (Y =nbe ,MeN
g2’z 22 LT°C 9Z'2 sZ'T £z°2 2zTe 022 n-nd_.MeN
6.2¥12 €8.921 21992 6ECLY 18962 1006 L 9LET 1 8618 =By ojes meN
281 681 9671 £0°C 60°2 91z ez 62°2 =nbe meN
8Z°2 122 122 9z'2 Y AR 4 £2°2 FE A 0c'e n-nd_MmeN
SEOPIZ or992Z1L |e¥S9L Zizly 26962 82061 6LYZ1 Z528 =Dy ejes MmN
T8t 68°1L 96°L £0°2 60°2 91’2 Zz'T 62°2 =nbe meN
gz'2 822 122 9z2'e sz £2°2 FA A 0z°2 N-nd MmeN
E6¥LTE GEBZEL  (v606L LS6LY 51562 62581 zZ8LlLt L1651 =6y ejes
181 88’1 TN 20'Z 60°2 91'2 £2'C 0£’2 =n be
sZ°2 sz sZ'2 522 sz'e 52°¢ sz°Z 522 =ggzZN-6c2nd
SZ°0 SZ°0 sZ'0 sZ'0 SzZ'0 s2'0 S2°0 S2°0 =uofjoed) W nd
1 L L 1 L 1 1 L =uofjoRl) W 6£2nd
sZ'L ZE') 6E°1 ar’L £S°L (TR 19°L il =uopoel) WM SEZN
L0 9.'0 8’0 v8'0 88°0 z6'0 96°0 L =ysuue n
LEZE02'0 |LEZE02°0 |4€2€02°0 (LEZEOZ'0 (LEZE0Z'0 [LECE0Z'O [LETEQZ'0 [LETEQZ'O =)/6 ‘ouod 1SW
0001 0001 L (000} 0001 0001 0001 =By ‘ssely IS

0001l

1es EBleQq dll



WGSRC-TR-93-171

Rev. 0

ATTACHMENT 1

Page 21 of 21

continued

peueA JUSWYOLU] WN|UBIA
o o [=3 o o o (=]
S 'S [ tn o o @ ~
E-3 [+ N +2) L) £ -3 o« [p]
0
0008 6ivLL vvo
00001 L6Y8 8¥°0
0006G! | 2XA J ¢S50
€222 95°0
00002 1611 9"
959 ¥9°0
yonippy . |08 Qw”o
ssey 1SN B)0001 s8d painbey suomppy v—u..on:-:z wh.o.m_cu::m wnjuein
peppy
CCEPOE crelyi oyl LG6I98E 0€.028 Skvil 1A 4] LELE = mu__ ‘SSEN N
S8SEY vLlic 85901 erss 6962 SE9L 1 441 PES nmx ‘ssey Nd
6ivLL L1688 | 254 4 £cle X197 9%9 QL€ vie =seyoeg
SO0L6.VLL [B8OVL6VE 60 P.ZY |E8S2EZZ |LE906L4 1T9SS9 v9€0.LE Sicvie =By ejes ,.MeN
veE’L L'l st SS'L Z9°1 69°1L SL'L cR’1 =nbe . MoN
0E°T 0€'Z (/] A 62'¢C 6Z°¢C 62°¢ 6¢°2 8¢ n-nd ..MeN
goL62PLL (8OPL6YE 60VVITY £85222¢ |LE9Q6LL LT9SS9 £€9€0.E SlZY LT umv_ ojeg , MoN
L4 t'L sl gS'L 9’1l 69°1L SL'L ce' 1 =nbe ,meN
0£°C 0€'2 0€°2 62'C 62'¢ 62°2 62°¢C 8Z2°C n-nd .meN
0ZL6.bLL |E8VL6PE (TTYPLIZY (¥6SZZZT |9v9dQ6LL 629559 69€0.E 6.2V LT =By ejes ,meN
vE'L L¥'L 8t SS°L ca’l 69°L SL'L ce'l =nbe MmoN
(1] 9 A 0E°2 [+] 62'C 6¢°¢ 62°'2 62'¢ 82°2 N-nd MmeN
LL6ZivLL |Ec0i8b8  [000222F [£S012Z2 |1L9968LL |000SS9 Z2.669€F SeEovie =By ejes meN
rE'L Le L 8’ GS°'L z9'L 69°1L SL'L t4: 3 =nbe moN
0E'2 0E£°Z 0t’e 62°¢C 62°2 62°2 62°2 82’2 N-Nd MeN
080£9861 (0685956 |PLO9ELiv |L+Z09¥Z |008SOEL |Z296L1L r68L6E EEv.LEE =By ejeg)
€€’ orL il ve'lL 19°L 89’1 vi't 18°1 =n be
GZ'¢ S22 s¢'¢ T A A YA sT'¢ S¢'¢ SZ'¢C =GEZN-6ECNd
G20 G20 sZ’'o s20 s§Z°0 §¢°0 L TA ] §2°0 sUoRIBY M Nd
‘s L L ] § } ] i =uojjoel} M GEZNG
LL0 v8'0 L6°0 160 ¥0°L LE'L 8Ll g2t =uopjord} M SEZN|
vy o 8¥'0 2s'0 95'0 9°'0 ¥9°0 89°0 cl’0 sYydjue n
LEZTE0Z'0 (LETE0Z°'0 [LEZEOZ 0 [1£2£02°0 [LEZTEOZ'O |[LETEOZ0 [LETEQZ'0 [LEZEOZT'O n_\m ‘auo) IS
looo1L 00401 000} 000t 0008 0001 0001 000} =B ‘ssely ISH|

}eg eleg dll



DISTRIBUTION:

Tank Farm Criticality Safety

Senior Management Review Group:

EF. Cadek, 719-4A
F. Beranek, 773-A
L.M. Papouchado, 773-A

WMER Management:

N.C. Boyter, 703-A
C.L. Peckinpaugh, 719-4A

Engineering;:

V.G. Dickert, 703-H

G.D. Thaxton, 241-120H
J.N. Brooke, 241-120H
W.B. Van Pelt, 241-120H
M.J. Augeri, 241-152H

R.C. Fowler, 241-152H

J.R. Chandler, 703-H

].S. Clemmons, 703-H
A.Q. Goslen, 773-22A

N.T. Hightower III, 719-4A
WMT Files, 703-HWM 21.6
Central Files, 703-A

Tank Farm Criticality Safety

Senior Technical Review Group:

M.D. Boersma, 704-T
W.S. Durant, 992W-1
M.C. Thompson, 773-A
P.D. d'Entremont, 703-H
J.P. Morin, 719-4A

R.A. Scaggs, 703-H

T.A. Reilly, 707-F

SRTC:

W.L. Tamosaitis, 773-A
D.D. Walker, 773-A

G.T. Chandler, 773-A

]J.R. Schornhorst, 992-1W
M.K Gupta, 992-1W
M.D. Brandberry, 992-1W
R.S. Wittman, 992-1W

Operations:

G.T. Wright, 703-H

H.M. Handfinger, 241-120H
C.J. Baker, 241-120H

E. Ennis, 241-120H



