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Meeting Minutes - February 7-8, 1991 Tank Waste Science Panel

Summary

The Tank Waste Science Panel met February 7-8, 1991, to 1) review the latest data from the analyses
of the October 24, 1990, gas release from Tank 241-SY-101 (101-SY) at Hanford, 2) discuss the results of
work being performed in support of the Hanford Tank Safety Project, and 3) be briefed on the ferrocya-
nide issues included in the expanded scope of the Science Panel.

The shapes of the gas release curves from the past three events are similar and correlate well with
changes in waste level, but tue correlation between the released volume of gas and the waste height is not
as good. An analysis of the kinetics of gas generation from waste height measurements in Tank 101-SY
suggests that the reaction giving rise to the gases in the tank is independent of the gas pressure and inde-
pendent of the physical processes that give -ise to the episodic release of the gases. Tank waste height
data were also used to suggest that a floating crust formed early in the history of the tank and that the

current crust is being made thicker in the :astern scctor of the tank by repeated upheaval of waste slurry
onto the surface.

The correlation between the N,O and N, generated in the October release appears to be 1:1, suggest-
ing a single mechanistic pathway. Analysis of other gas generation ratios, however, suggests that H, and
N,O are evolved together, whereas N, is from the air, If similar ratios are observed in planned radiolysis

experiments at Argonne National Laboratory, radiolysis would appear to be generating most of the gases
in Tank 101-SY,

Data from analysis of synthetic waste crust using a dynamic x-ray diffractometer sugges: that, in air,

organics are being oxidized and liberating CO, and No’ﬁ Experiments at Savannah River Laboratory
indicate that irradiation of solutions containing NO; & organics can produce NpO.

The Science Panel has been asked to examine the chemistry and physics of waste in tanks containing
ferrocyanide. Members were briefed on the ferrocyanide process used in the 1950s to remove the 137Cs
from the Bismuth Phosphate wastes at Hanford and what is known about the chemistry of the process.
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Minutes of the Tank Waste Science Panel Meeting
February 7 & 8, 1991

Introduction

The fourth meeting of the Tank Waste Science Panel (Science Pancl) was held on February 7 and 8,
1991, at the Registry Hotel in Denver, Colorado. The agenda for the meeting is provided in Attach-
ment A. The list of those attending is given in Attachment B.

During this meeting the latest data obtained from the analyses of the crust samples, the gas analyses,
and other physical measurements taken during the October 24, 1990, gas release event from Tank 241-
SY-101 (Tank 101-SY), and the latest data obtained by the Science Panel members and the research
programs funded through Westinghouse Hanford Company were presented and discussed. Also during this
meeting, the role of the Science Panel was extended to cover the ferrocyanide-containing tanks at Hanford.
To introduce the Science Panel members to this subject, scveral presentations were made.

All topics in the agenda were all discussed but not in the order in which they appear in Attach-
ment A. In addition, two speakers were added 10 the agenda,

Day One of the Meeting

The first day of the meeting consisted primarily of presentations on the latest gas release cvent and
work performed at Pacific Northwest Laboratory(®, Washington State University, Westinghouse Idaho
Nuclear Co., Georgia Tech, Savannah River Laboratory, and Argonne National Laboratory. These
presentations were preceded by discussions on the cxpanded scope of the Science Panel, the charters of
other related task forces and pancls, funding procedures, and coordination of research efforts.

General Panel Business

The final version of Chemical and Physical Processes in Tank 241-SY-101: A Preliminary Report (Tank
Waste Science Panel 1991), less the final cover, was distributed to those in attendance, The final cover
will have an artist’s sketch of the SY Tank Farm on it

Thom (T. H.) Dunning indicated that on Friday the scope of the Science Panel would be expanded (o
Include the ferrocyanide wastes. He requested that the Science Panel members suggest names of persons
having some expertisc pertinent to the ferrocyanide issues who might serve on the Science Panel. Them
also suggested that a small group of people be assigned the task of writing a document that discusses the
literature relevant to the ferrocyanide issues and identifies the critical issues. The Science Panel members
thought this would be a good idea, cspeceially in light of the success of the last survey report (Strachan,
Reynolds, Siemer, and Wallace 1991).

(a) Operated for the U.S. Department of Energy by Battelle Memorial Institute under Contract
DE-AC06-76RLO 1830.
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One of the Science Panel members asked L. G. (Larry) Morgan to summarize the charters of the
other task forces and panels that have been assembled to study the Tank 241-SY-101 and ferrocyanide
issues. Larry said that he would be willing to write a letter to the Science Panel members explaining the
charters of the various panels and the role that the Tank Waste Science Panel plays in the overall effort to
understand the issues and the wastc problems currently faced by DOE. In summary, Larry said that there
are four committees/panels: 1) the Defense Nuclear Facilities Safety Board (DNFSB), which was man-
dated by Congress, 2) the Advisory Committee on Nuclear Facility Safety ("Ahern Committee"), which was
chartered by Secretary Watkins, 3) the High Level Waste Tank Task Force, which was chartered by
Mr. Leo Dufly, and 4) the High Level Waste Technical Advisory Panel, which reports to the High Level
Waste Tank Task Force, The Tank Waste Science Panel was proposed by members of the PNL staff and
recommended by Mr. Duffy to be funded through Westinghouse Hanford Company. The work of the
Science Panel has been noted by the other task forces/pancls.

The Science Panel members then entered into a serious discussion about how the research recom-
mended by the Science Panel is being funded by Westinghouse Hanford Co. The contract for the work at
Argonne National Laboratory had recently been funded, but not without some lengthy discussions about
cost and schedule, The work at Georgia Institute of Technology had not yet been funded. It was noted
that no steps had becn taken to initiate the recommended experimental work on the physical phenomena
taking place in the tank. There was substantial concern about the negotiation of the contracts. The
language in the contract was more appropriate for the purchase of a number of widgets than for the
funding of research, One clause that was particularly troublesome indicated that if the staff at Westing-
house was unhappy with the results of the research, they reserved the right to request their money back.
In part, the problems seemed to stem from the use of a contract that is inappropriate for funding research
and from the use of a government contract in which research is placed in a restrictive package. Somc
changes appear to be needed in order to facilitate contracts for rescarch on issues as important as the
issues associated with Tank 241-SY-101.

Another area of concern is that the research at the three institutions has become too narrowly
focussed. The Science Panel recommended a program with some overlap in the studies. This is needed to
provide a measure of quality assurance in research involving either new techniques or new applications of
old techniques. Each scientist approaches a problem from a slightly-to-dramatically different perspective.
Under normal circurnstances, a result obtained by one researcher is checked by the work of another in the
normal course of scientific endeavor. Because of the seriousness of the issues associated with
Tank 101-SY and the limited time over which the research is to be performed, the program funded
through Westinghouse Hanford Company must contain this duplication in order for the results to have
maximum credibility. This is not currently being done.

Kinetics of Gas Generation and Crust Formation

In analyzing the kinetics of gas gencration in Tank 101-SY, D. M. (Denis) Strachan decided to deter-
minc whether useful information was hidden in the waste height measurements that have been recorded
since the first waste was placed in the tank ia 1978. A brief description of his analysis of the kinctics of
gas generation as determined from the waste height measurements is provided in Attachment C. In his
presentation, Denis showed how the waste height measurements indicated that the gas generation ratc was
constant with time between individual gas release events. This suggests that the reaction giving rise to the
gases in the tank is independent of the gas pressure and independent of the physical process that gives rise
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to the episodic release of the gases. In other words, the physics of the system give rise to the collection
and episodic release of gases that arc being generated through a chemical mechanism that appears to be at
steady state.

In addition, Denis suggested that, over the temperature range observed for the waste near the bottom
of the tank, the rate appears to be independent of temperature, although the temperature variations arc
small and the height measurements imprecise. Assuming an activation energy for a first order reaction
that is equal to the activation energy determined by Delegard (1981) or D. D, (Duane) Siemer (sec Attach-
ment F), one would expect to sec curvature in the tank height data between gas relcase events. Instead, he
observes that the data are linear with time and that the standard deviation in the slope of most of the lines
through the data is less than 3%. )

Denis then plotted the slopes of the lines determined from one gas relcase event per year since 1984
against the time since the gas relcasc cvents were first obscrved (1984 = 0 days). At first the data
appeared to be too scattered to draw many conclusions. However, he suggested that the rate of gas gen-
eration may have incrcased during the period of air mncin% The data are also consistent with a decreasing
rate in the long term that is linked to the decay of cither I37¢g or 8. While both of these observations
need 1o be investigated further, they are important clucs to the mechanisms by which the gases are gener-
ated in Tank 101-8Y. For instance, these observations are consistent with two mechanisms - one driven by
radiolysis and the other by the chemical mechanisms. In onc case the primary radiolysis reactions are rate
limiting and in the other a key rate limiting specics in the radiolytic process is generated by a chemical
reaction,

After attending several meetings in which crust-related subjects were discussed and after looking over
the waste height measurements as obtained with the Food Instrument Corporation (FIC) gauge and the
manual tape, Denis noted a trend in the data that was suggestive of the mechanism by which the crust is
formed, He noted that the gauges read nearly the same as when they were removed in November 1990
and replaced with newly calibrated instruments. This indicated that the data collected carlier were reliable.
He plotted the difference between the height as measured using the FIC gauge and the height measured
using the manual tape. The very carly data (first four data points in Figure 12, Attachment C) suggest
that a crust formed very soon after the first waste was added to the tank in 1978, Three more additions
were made over the next 12 months and yet the ranual tape measurements yiclded higher waste heights
than did the FIC (a negative difference between the FIC and the manual tape). The difference remained
negative until shortly after the last addition of waste to the tank in 1980. Soon after the last addition, the
cpisodic release began and the difference between the FIC and manual tape readings began to increase.
Because the manual tape readings after 1984 have not yet been made available to Denis, he has been
unable to continue the analysis to the present day. However, the current difference between the FIC and
the manual tape is about +20 inches.

This information, along with the gamma scans and the pictures of the waste surface in the tank, is
consistent with a model in which part of the crust forms by c¢jection of liquid waste from below the crust
onto the top of the crust predominantly in the castern to northeastern sectors of the tank. This would
account for the observed high gamma activity in the crust arca (see Attachment E) and for the high FIC
gauge readings relative to the manual tape readings. Additional data will be analyzed when they are
received.
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I\Jumerical Simulation of the Thermal Profile in Tank 101-SY

At PNL, numerical simulations have been carried out by R. T. (Rudy) Allemann and co-workers out
using the TEMPEST code. The material was presented by D. S, (Don) Trent and included color vu-graphs
and a video, neither of which are reported here. Several assumptions were used in generating thesc simu-
lations because the correct algorithms have not been included in the TEMPEST code nor are these
changes being funded. The heat load in the tank was assumed to occur near the bottom of the tank, A
fixed particle size distribution was assumed and these particles were assumed to settle at a constant
velocity. Don said that a settling velocity of 0.1 ft/s was too high to explain the changes in the thermal
profile that were observed in Tank 101-SY on October 24, 1990, Good results were achicved with a
settling velocity of 0.01 ft/s. These calculations, therefore, give an order of magnitude estimation of this
important physical parameter.

The calculations carried out by Rudy and his co-workers indicate that they can simulate the thermal
profile of the tank reasonably well, Their calculations suggest that the waste movement during & burp
occurs predominantly along the walls of the tank, but not all of the waste from the lower portion of the
tank flows up the walls, Some of the waste breaks loose from the rest of the hot waste and can flow
upward from the point of the first instability. The time over which the wastc turns over is very short - on
the order of 30 to 50. This time is consistent with the obscrved times for the October 24 gas release
event,

Analysis of Synthetic Crust Using Dynamic X-Ray Diffraction

A portion of synthetic waste crust generated by D. L. (Dan) Herting (WHC) was taken to W. J. (Bill)
Thompson at Washington State University for analysis using a dynamic x-ray diffractometer. Bill reported
on the use of this instrument and on the results from this sample of synthetic waste crust,

A dynamic x-ray diffractometer can be used to obtain information on the crystalline phases present in
a sample as the sample is heated at a given heating rate. Since this instrument is operated in a similar
fashion to a differential scanning calorimeter (DSC) or thermogravimetric analysis (TGA) instrument, the
results from the dynamic x-ray diffractometer can be used to determine what phases are present in a sam-
ple and correlate phase changes with the information on mass loss and heat input or output. In addition,
the instrument can be operated with air or with an inert gas in contact with the sample, and the gas phasc
can be analyzed to determine which, if any, gases arc being cvolved as the sample is heated.

Bill showed results that indicated NaNO3, NaNO,, Na,CO,, and Na,CO4'H,O (the latter identifica-
tion was tentative) are present at 90°C in the synthetic crust (sec Attachment D). At about 200°C, melting
appears to occur. In a N, atmosphere, the decomposition of the crust generates CO, at 200°C and NO, at
about 300°C. The NO, is mcasured using a chemiluminescence detector that is not sensitive to N,O. In
air, there is evolution of CO, at both 200°C and at 300°C with the second peak being much larger than the
first. The evolution of NO, in air occurs at about 400°C and is larger than the peak observed in Ny, In
the DSC, there is an exothermic peak at about 200°C. The data suggest that in air the organics are being
oxidized and liberating CO, and NO,. More data are needed, however, cspecially the DSC measurements
of the synthetic crust in air.

It
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Data from the October 24, 1990, Gas Release Event

Results from the October 24, 1990, gas release event were divided into two parts, one presented by
D. L. (Dan) Herting (WHC, invited) and the other by D. A, (Dan) Reynolds (WHC), Dan Herting pre-
sented the results obtained from the samples that were recovercd from the surface of the crust by remov-
ing three instruments. The results from his own gas generation experiments with surrogate wastes were
presented. Dan Reynolds reported on the data taken during the October 24th event,

Dan Herting presented the same material that he had presented to the High Level Waste Tank Task
Force in January 1991, He emphasized that the main goal of these analyses was to determine if it would
be safe to take a sample of the crust after the next gas release event. The results from these analyses are
shown in Attachment E. The samples were obtained by removing the manual tape, the FIC gauge, and a
sludge weight, A sludge weight is cssentially a steel ring with a heavy bail to which a cable is attached for
raising and lowering the weight. The sludge weight contained three types of material, classified as
"SW/Dry," "SW/Wet," and "SW/Loose." The "SW/Dry" matcerial came from the outside of the weight and
the "SW/Wet" from the inside. The sample labeled "SW/Loose" came from inside of the retrieval device
for the sludge weight and probably spalled from the cable during retricval. The manual tape contained
very little material. The FIC plummet contained more, but much less than the sludge weight, The
analyses of these materials arc shown in Attachment D, Tables 1 to 4 (E.9 to E.13),

Dan showed that the recent samples of the crust were similar to the samples reported by Mauss in
1986 (Mauss 1986). More importantly, however, was the similarity among all of the retrieved samples and
the similarity among the samples and the synthetic crust, The latter point is important because of the
confidence it gives to the studies that will be performed with synthetic erust materials,

Dan also reported on some of the experiments he has running in the laboratory. Some of the data
were obtained recently and he had not had time to fully analyze them, Dan has been collecting gas gen-
cration data in an all-glass apparatus, The pressure data are shown in Figure E.15 and are obtained by
periodically removing gas to the evacuated gas sampling bulb, Sampling of the gas phase causes the gas
pressure to decrease, but when the data were corrected for the periodic pressure change no effect is
evident, Tt was pointed out that this would be consistent with Denis Strachan’s discussion carlicr and
would suggest that the reaction is zero order in the gas pressures, Dan observed that the gas gencration
was delayed by about 4 days at 100°C during which no detectable gas was released (no pressure increase).
Analyzing the pressure data, Dan fitted his data to the first order expression in the pressure, the measured
physical parameler:

P= Py + (P - Pexp(-kt) (H

where P is the pressure, k is the rate constant, and tis the time, The least squares fit of the data yiclded
valucs for Py, P, and k o 939 torr, 302 torr, and 0.0031 minl, respectively.

The results obtained by Dan arce all consistent with the carlier work by Delegard (1980). Dan
observed that the ratios of the gases were different from the ratios obscrved in the gases emitted from the
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tank, Nitrogen gas w"'as observed as a reaction product and O, was observed to be consumed in the
reaction. Dan has qud several organics in his experiments, but he has found that HEDTA reacts the

fastest. ‘

Dan Reynolds started his prcsenmtion with the results taken during a series of gamma scans of Tank
101-SY. Normally, thcsc scans are taken in a liquid observation well (a closed-end tube inserted perma-
nently in the tank drld extending from the top of the tank to the bottont) in single-shell tanks to determine
the height of the liquid and the waste. Gamma scans arc obtained by lowering the gamma detector into
the liquid observation well and recording the gamma flux coming from the waste. A typical scan is shown
in Figurc F.3. In double-shell tanks, however, there are no liquid obscrvation wells, To obtain a gamma
scan for Tank 101-S', the gamma detector was lowered through risers positioned in the annulus between
the inner and outer tanks, The risers used for these observation are shown in Figure F.4 and the resulting
gamma scans in Figure F.5 (the rise positions arc the same in both figures; the numbers are different
because there are two related numbering schemes for the risers). Only the scans taken through riser
9A (78) are significantly different from the other scans. It is uncertain why this onc is different, but it
could be related to the proposed crust formation mechanism.

It was anticipated that differences could be detected as a function of time and would lead to a better
understanding of the processes taking place in the tank. However, the scans have not changed dramatically
over the interval between October 30, 1990, and the last scans, which were taken in January 1991, The
constancy of these scans is shown in Figures F.6 and F.7 (Figure F.7 is a superposition of the Decem-
ber 13, 1990, scan on the October 30, 1990, scan). To show that other changes were occurring over the
same time period, the temperatures are shown Sllpcrlmposod on the gamma scans in Figure F.8, There is
no correlation with the 137Cs content of the tank as shown in Figure F.9 in which the ! 13705 concentrations
of the "bottle on a string" samples is shown. [In a scparatc meeting after the Science Pancl meeting, Dan
Herting indicated to the author that there appears to be a dilution error in thc ddtd reported by B, Mauss,
Therefore, the '37Cs concentration for the top sample should be closer to the 137Cs concentrations of the
other samples as should the concentrations of the other constituents and the density.] As yet there is no
definitive explanation of the gamma scans, but one proposed explanation is that material is coating the
tank walls, The gamma detector has a depth of view of about 20 cm.  Anything crystallized on the tank
walls would play an important role in how much gammd radiation reached the detector. There is some

evidence that this material could contain substantial '¥7Cs and hence give rise to higher gamma radiation
in certain regions,

Dan Reynolds then summarized the results from the October 24th event in more detail than had been
sent 1o the Science Panel members carlier. Most of the pertinent data are shown in Figure F.10 and F.11.
Raw data from the strip charts are shown in Figure F.12 albeit in a somewhat confusing manner because
of the lack of color to differcntiate between the curves. Each of the curves has been labeled; the numbers
on the second line from the bottom are for the pressure scale (-4" to +1" of water gauge). The pressure
readings went off scale, but a separate recorder is used for the high range. Thus, pressure data were not
lost. The flow rate measurements also go off scale and for these there was no expanded scale. The other
curve shows the volume puccm I, Good agreement between the three methods of measuring H, is
shown in Figure F.13, This gives good assurance that the thermal conductivity instrument has been giving
accurate and reliable results,

Computer simulations of the gas release cvents have been performed using the FATHOMS code.
This code can be used to calculate the evolution of the gases from the tank and the mixing of those gascs
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in the tank plenum. Assumptions have to be made about the composition of the gas entering the tank
plenum and the assumption has been made that the gas is 30% N,O, 30% H,, and the remainder No,

This assumption has led to reasonable agreement between the calculated and the observed relcases (F

ure F.14). The third column in this figure has gas volumes that are too low; the hand written numbers are
better estimates of the gas volumes,

A comparison of the past three gas release events is shown in Figures F.15 and F.16, The shapes of
the releases are similar and corrclate with the changes in the waste level, but the correlation between the
released volume of gas and the wuste height is not as good,

Dan also addressed the issuc of inerting the tanks using N, or some other gas. In the past, adding
inert gas to the tank has always been considered to be cconomically and logisticaliy difficult because of the
large volumes nceded. Dan showed that by injecting the inert gas in the region in which the gases arc
being generated, onc could use much more manageable volumes of gas to decrease the H, concentration
to levels below the flammability range. To do this Dan constructed a ternary diagram on which is plotted
the Ny, Hp, and N,O concentrations, Dan’s best estimate of the gas composition is shown as a filled
civele the other circles represent gas mixtures based on the analysis of data from the tank. The lower
flancaability limits are drawn on the diagram. To dilute the reactive mixture with ajr would require about
five times more gas than if N, was injected to the arca where the gases are being generated. The show
stopper here, however, is the feasibility of adding the N, in the arcas where it is needed and getting the
distribution that is nceded,

Hydrogen Production Irom Organics and the Measurement of Trace Quantities of
Hydrogen

One of the key measurements that could shed light on the mechanism of gas release in Tank 101-SY
is the measurement of trace quantitics of Hyo A method was developed and reported carlier (Strachan and
Morgan 1991) by D. D. (Duane) Siemer (WINCO). During the development of this method, Duane dis-
covered that some organics react to produce H, from strongly alkaline aqueous solutions, The apparatus
that Duanc developed is shown in Figure G.2 (su, Attachment ). There are two key parts 10 this
apparatus - a trap for unwanted volatiles and a combustor to convert H, to H,O. Gases from the test are

routed through the traps where all interfering gascous species are removed. Interfering gascous specics
include H,0, formaldehyde, and other volatile organics, The cleaned gas stream contains the base gas (air,
argon, or other atmosphere under which the experiment is being performed) plus the Hy. The H, is then
converted to H,0O and it is this H,O that is detected using a sensitive moisture detector. A sample output
from the detector is shown in Figure (6.3, Duanc has been very carceful to check for all the possible inter-
ferences and the specilicity of the catalyst used in the combustor, The apparatus is very sensitive toward
the detection of Hs; as shown in Figure G.5.

Duane then went on 1o discuss his experiments on the generation of Hy from organics in highly alka-
line solutions, The test apparatus for doing these experiments is shown in Figure G.6. The apparatus is
very simple but displays some very ingenious thinking, These apparatuses are not connected to the Hy
detector all of the time but are allowed (o run independently. A bead of condensate forms in the lower
part of the condenser and forms a scal, thus preventing the loss of Hy. Hydrogen is determined on a
periodic basis by connecting the top of the condenser to the detector. However, both batch and
continuous methods can be used. A sample output from a continuous detection of Hy is shown in Fig-
ure G.8,



! Meeting Minutes - February 7-8, 1991 . Tank Waste Science Panel -

Duane showed that there nay be a high solubility of H, in these highly saline solutions (Figure G.9),
: 1t has always been assumed that H, has only a very limited solubility in these solutions - a solubility about
the same as for H,O. This appears to be an incorrect assumption and may need to be further investigated.

Duane’s conclusions from his rescarch are shown in Figure G.10 and G.23. The intervening figures
support these conclusions and are only briefly described here, One of Duane’s observations from carlier v
work is that the organics originally in the waste are probably no longer there, He bases this argument on
the work by Strachan et al. (1986) in which it was concluded that after about 80 hours organics in a syn-
thetic Tank 107-AN waste mix had been degraded to other organics such as iminodiacetic acid (IDA).
[Note: In most of the figures the "y" axis is labeled "pa Response.” This refers to the amount of H,
generated in the test (see Figure G.5).] From his work, Duanc concludes that one can account for about
half of the H, production in Tank 101-SY by chemical means.

In the discussion that followed, it was mentioned that the other experimenters note a delay time of
about 4 days. This delay time was mentioned by Dan Herting, E. C. (Gene) Ashby, and Dan Mclsel, In
their experiments, however, they are trying to measure gas production by increases in the pressure in their
apparati or by displaced liquid volume. It is uncertain why Duanc sees Ho production immediately. How-
ever, in his experiments he uses a flowing gas stream that is bubbled through the solution, [It is possible
that there is a link between Duane’s observation of a relatlvely high solubility of H, in these solutions and
the delay obscrved by other experimenters who do not purge their systems. 1t should be noted here also
that this is one of the main reasons why there s a need for healthy overlap between the work being pet-
formed at the various institutions. Each experimenter, while ostensibly performing the same experiment,
brings a slightly different approach to the problem.|

Chemical Mechanisms Studies at Georgia Institute of Technology

A very competent team has been assembled at Georgia Tech, These seientists include E. €. (Gene)
Ashby (Organic Chemistry), Kent Bareficld (Inorganic Solation Chemistry), Charles Liotta (Organic
Kinctics), and Henry Neumann (Nuclear Chemistry and Kinetics) (Figure H.1). In the absence of a cou-
tract, these people have been mecting regularly to discuss the problem, the experimental approach, and the
theoty underlying the chemistry. They have been doing some work on their own because of the percecived
importance of this problem. The following is a summary of their work to date,

Gene and his coworkers determined that part of the reason for some discrepancies may be due to the
lack of an agreed upon standard solution with which all those working an the project can compare resulls,
The team at Georgia Tech suggests that we agree to usc an initial solution that is free from solids; this
would climinate some of the confounding issucs that occur in the presence of sotids, Gene has been an
advocate of performing very specific and careful experiments, some of which are shown in Figure H.4,

Over the intervening months since the last meeting, Gene has been in contact with Duane and they
have been sharing results, According to Duane’s results, the dominant reaction product should be oxalate, »
given that glycolate is the primary reactant.  Glycolic acid was used in B-Plant as noted in onc of the pre-
vious mectings. Glycolate-like fragments may also come from the decomposition of other organics in the
original mixture, Based on Duanc’s resuits, Gene suggests that a study with formaldehyde and D50 be A
carried out to resolve the reaction mechanism. The reaction mechanism can be further verified using
mixed aldchyde reactions such as those proposed on page H.6.
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As part of the Georgia Tech team, Dr. Charles Liotta has been studying the kinetics of gas evolution
from simulated waste solutions. The apparatus he has been using is shown in Figure H.8. In this appara-
tus, gas volumes as low as 0.1 cm? can be measured. A gas sampling bulb is used to collect samples for
gas analyses, but no gas analyses had yet been performed because the funding had not yet been authorized.
As noted above, there is a need to have a standard homogeneous solution for kinetics work. The composi-
tion of the proposed standard solution is shown in the table on H.9. Some solids may form in this solu-
tion as the reaction proceeds if CO, is one of the reaction products. ‘While this particular composition
may not be adopted, there is a need for a standard solution that can be used as a point of reference for the
testing. Initial results from the use of the apparatus are tabulated on page H.10 and graphed on page
H.11. These data indicate a delay in the start of the reaction of about 4 days. This delay in the start of
the reaction is not observed by Duane in his experiments. Other experimenters have observed the same
delay period in their experiments. These data have not been corrected for temperature and pressure.

There was some discussion about the delay time in the production of gases observed by some. Since
the conditions under which all of these tests have been performed are similar, some Science Panel mem-
bers felt that the delay time is an artifact of the apparatus used in the experiments. Figher than expected
gas solubilities, for example, could explain the obscrved differences between Duane’s results and the results
from other experimenters.

Onc of the tools used by organic chemists to identify organic species is nucicar magnetic resonance
(NMR). This technique is being used by Dr. Kent Barefield of the Georgia Tech team to determine the
rate at which reaction products are formed in the standard solution, the nature of these products, and the
hydrogen exchange for the HEDTA species. Isotope labeling has been sungested as a method of determin-
ing the source of hydrogen in these solutions. If, however, the hydrogens on the organic molecule frecly
exchange with hydrogen in aqueous solution, then labeling these positions on the organic molecule will
lead to falsc results. To this end, HEDTA was placed in a solution of D,O to see how fast the H and the
D exchanged. Kent also looked at the feasibility of using *C NMR as a technique for cxamining the
decomposition products of HEDTA and other organic species. The objectives and initial conclusions of
his assessment are shown on page H.13.

The NMR spectra of HEDTA after being in the standard solution for 48 h and 168 h are shown on
page H.14. A stick model of the molecule is shown in which the chemically different hydrogen positions
are shown. The peaks in the speetra that result from the hydrogens at these positions arce also illustrated.
For comparison, the HEDTA spectrum before reaction is shown on page H.15. Note in the HEDTA spec-
trum that the central peaks are split due to replacement of the H atoms by ID atoms. The intensitics of
the peaks changes dramatically when HEDTA is in contact with the standard solution {or only 48 h. Like-
wise, the 13%C NMR spectrum shows significant changes between 48 h and 168 h,

Over the past months since the last meeting, the team at Georgia Tech has been analyzing the data
from two reports (Deiegard 1980 and Strachan and Morgan 1991 [see Attachment HJ) and the calculation
by Dr. Steven Agnew (Los Alamos National Laboratory) of the cnergy potentially produced by the
decomposition of EDTA. Dr. Henry Neumann has been examining these reports and calculations and the
results of his examination arc reported in Attachment H. After reviewing the report written by Delegard
(1980), Henry concluded that it may be difficult to reproduce Delegard’s work because the method and
exact composition of the solution he used are not given in the document. From his analysis of the data
and the uncertaintics he identified, Henry suggests, as noted above, the use of @ homogencous solution for
the systematic investigation of the reaction kinetics.

9
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In response to the radiolysis reactions proposed by E. J. (Ed) Hart that had been distributed to the

| Science Panel members, Henry suggested that the principal oxidizing agent should be NO; which would
result in a suite of reduced nitrogen-bearing species. Al*h.:igh NO, should yorm as a result of the reduc-
tion of NOj, it would be expected to be present for only a short period of tinie because the reaction rates
are very fast, Henry used the values of the reaction kinetics reported by Ed. [If these reaction schemes
are correct, there should be a significant change in the NO; and NO; concentration when new samples ’
are taken from Tank 101-SY and when these values are u)mparcd with thosc obtained in 1986.]

n a prescentation to the Hanford Nuclear Waste Tank Task Force, Steven Agnew proposed a reaction
that provides, at least in part, the energy to sustain the temperatures in the tank. In this reaction (1H.22)
Steve shows N,O, N,, CO,, and H, as the gaseous reaction products. However, Henry suggests that the
reaction product from oxidation by NO; would be expected 1 be predominantly NO3. The products
N,O and N, would be expected to result from the reaction of the amine nitrogens with NOj or NO-.
Other reaction schemes could be written that would be more in line with the suggested chemistry than the
one Steve used. These reactions are shown on page H.23. All of these net reactions yield as much cenergy
as the one suggested by Steve, however the rate at which this energy is released depends strongly on the
complexity of the rcaction mechanism and on the rate at which the overall reaction is completed. Henry’s
conclusions are shown on page H.24.

Some consideration was given to why the crust floats. The density of the crystals should be greater
than the density of the liquid underlying it. One possibility suggested by Henry is that a solid solution of
NaNOj and Na,CO4 supports the crust. The charge neutrality could be accommodated by vacancics. |The
phase diagram for the NaNO;-Na,CO, system shows no solid solution at cither end of the composition
range.]

Gene and his coworkers also examined the gas analyses from the October 24, 1990, gas release event,
From their analysis, the data suggest a strong coriclation between the N,O and N, data, The analysis
suggests that there is a 1:1 correlation between the two gases. That this is a coincidence is unlikely and
suggests, or rather limits, possible reaction mechanistic schemes.

Radiolysis Work at Savannah River Laboratory

At Savannah River, experiments with solutions containing NOQ and NOf; have been carried out for a
number of years in an cffort to determine the role of these ions in the radiolysis chemistry of the wastes
stored at Savannah River Plant. The results of these studies were presented by Dr. N E. (Ned) Bibler.

In one experiment, a long tube was inserted into one of the waste tanks such that the end was well
bencath the liquid waste. The inside of the tube was evacuated until the waste was drawn to the maximum
height. A valve at the end of the tube outside ol the tank was then closed. With time, the waste height
decreased as gases were evolved from the waste.  After some time, the gases were sampled for analysis.
The gas compesition was found to be 36.8% N,, 56.4% O,, and 7.5% H,. After correction for the amount »
of air in the sample, the gas had a O,/H, ratio of 6.1 (86%/14%}), which is typical of the gas composition
above a strongly alkaline solution that is 3 "I to 4 M NO3. 1he correction for air was made assuming
that N, was not a radiolysis product, which is reasonable for the waste solutions at SRS, The amount of
O, evolved is then:
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0, O,
Oy, evolv = Oy, meas -Ny, meas - () air where () air = 0.27.
: 2 2

A value of 6.1 is reasonable for SRS waste solutions, which arc normally 3 to 4 M NO3, For thesc
solutions, G(H,) = and G(O,) = 0.3

Ned then showed several graphs to illustrate the effect of radiolysis on the composition of solution
with irradiation time. In neutral solutions, NOj is converted to NOE in about 300 h at a dose ratc of
6.510*% Gy/h (6.510° R/h). If organics are added to the solutions, the behavior changes dramatically.
For insiance, Figure 1.2 shows the behavior of a solution that is initially 1 M Nog and 1 M acetate. In
this solution, the Nog and the acetate concentrations decrcase rapidly, while the NOE~ increases and then
decreases, Similar behavior is observed for other organics such as glycol.

Although all of the gases were not analyzed (at least not illustrated here), all of the organics with few
exceptions produced N,O pas when NOj- and organic-containing soiutions were irradiated. One of the
principal organics of intcrest at Savannah River Plant is tetraphenylborate, which has been used to precipi-
tate 1¥7Cs from the waste solutiors.

Thesc radiolysis experiments arc continuing at Savannah River,
Radiolysis Studies at Argonne National Laboratory

At Argonne National Laboratory, Dr. Dan Meiscel is being funded by Westinghouse Hanford Com-
pany to study the radiolysis chemistry in ty,..cal simulated waste solutions. Dan and his coworkers had just
received their funding and had not performed many experiznents on which to report. Dan gave a brict
tutorial on the chemistry of radiolysis in aqueous solutions. In an aqucous environment, there are basi-
cally three groups of radiolysis products as shown in Figurc J.1. In very concentrated solutions, the reac-
tions arc expeeted to proceed very rapidly - on the order of 35 ps (picoseconds). In the first reaction, high
energy clectrons are produced which become thermalized in a matter of about 1 ps. These reactions occur
in "spurs" that arc about 2 nm in diameter and have a volume of about 4 nm>, Even though the numbers
of charged specics that are generated by radiolysis is very small, the volumes in which they are generated
arc also very small. Therefore, the effective concentrations are relatively high - on the order of 1 M.

The consequences of the fast reaction kinetics arce that most of the energy should be absorbed by the
NO;. There will be insullicient time for few, if any, of the reaction precursors to become solvated, and
the presence of the high alkalinity, NO3, and NOj, should minimize the production of H,. Inhomogene-
ous kinetics will cause localized high concentrations of species and there will be a competition between
rccombination, diffusion, and scavenging, Both H atoms and H, should be produced in these solutions,
but the H, will not be casily scavenged and should be produced with a G value of less than 0.06 (the
number of atoms/molecules (ormed per 100 ¢V of adsorbed energy). Of major concern will be the
I atoms that arc casily scavenged and produced more readily (a G value of about 0.65). Dan expects that
the contribution of the organics to the overall radiolysis reaction to occur within the "spurs.”

Dan proposed a radiolysis reaction scheme in which NyO gas would be gencrated from NO3. The
other main reaction product would be NO,. [Here is another indication that the analysis of the waste
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currently in Tank 101-SY, when compared with earlier analyses, will become an indicator of the reactions
that are taking place.] The approach that will be used at Argonnc is shown in Figure J.4.

Radio'ysis Chemistry in Nitrate/Nitrite Solutions

Some of the first radiolysis experiments carricd out by the Science Panel members was performed at
the Risp National Laboratory in Denmark while E. J. (Ed) Hart was a visiting scientist there. Ed reported
on the results he obtained during his visit to Risg and his visit to Argonne National Laboratory.

To prevent precipitation during the radiolysis experiments performed both at Risg and Argonne, Ed
and his coworkers used a diluted version of the waste from Tank 101-SY (scc Attachment K; K.1). In
addition, there was no HEDTA available at the laboratory, so the experiments were carried out using
EDTA. The resuiws from these experiments were reported in the minutes from the last meeting (Strachan
and Morgan 1991) and arc summarized on K.1. Of note is the very high "G-value" for N,O in the pre-
sence of EDTA (G, = 0.15) relative to the "G-value" for H, of 0.013. Ed and his coworkers ran the
Danish code CHEMSIMUL for the mechanism on K.2, the output of which is shown on pages K.3 and
K.4. The code was used to simulate the effect of gamma on the composition of the waste for the years
1980 to 1982. The results are summarized on page K.1. 1f these results are indicative of the reactions that
arc taking place in the tank, then the chemical analyses should reflect increased NO; concentrations.

Ed also performed some experiments aimed at obtaining information on the formation of the crust on
the waste in Tank 101-SY. In these experiments, Ed used an atmosphere of air plus 8% CO,. This
atmosphere yielded a crust on the simulated waste within 24 h and considerable water loss even though the
waste ~vas diluted relative to the waste found in the tank. In a second experiment, Fd tried to slow the
loss of water from the waste solution being tested by saturating the flowing gas with water and removing
the CO,. The result of this experiment was that no crast formed after several days and no water was ost.
The crusts that were formed in these experiments arc shown in Figure K.5.

Ed also performed some cxperiments at Argonne National Laboratory. These experiments were
performed using a 0o gamma ray source. The results from these experiments are shown on Ko, In
these tables, "CA" stands for citric acid, "GA" stands for glycolic acid, and the other numbers such as 1674
in "#1" refer to the dose to the sample in "krad." These results indicate that with dilution there will be an
increase in the H, production. From all samples, Hy and N,O were generated. At Argonne National
Laboratory, HEDTA was available and the yield of N,O was greater in these solutions than Hy. A sum-
mary of the results of the experiments performed at Argonne is shown on K.7. In this summary, "Y" is the
yield of the particular gas species in pmol/L and the "G-value" is calculated by multiplying the yicld by
0.964.

Ed concluded that the "G-valuc" for Hy in the waste tank must be about a factor of 500 lower in the
tank than the valuc measurcd in the pulsed radiolysis experiments. From this conclusion and the sus-
pected scavenging reactions for H atoms, he also calculated that the contribution to the spur H. genera-
tion by radiolysis in EDTA-containing solutions is negligible. From these results and the results of some
bricf thermal experiments, Fd concludes that the thermal portion of the gas generation in the tank is
about 30%. [This was calculated based on an activation encrgy of 14400 cal/mol. The activation cnergy
measured by Delegard (1980) and by Duanc Siemer (sce above discussion) was 23000 cal/mol. Using the
larger valuc for the activation encrgy and the remainder of Ed’s numbers would mean that the thermal
contribution is 12% instead of 30%.]

12
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Ed suggested new reactions that can be added to the mechanism on page K.2. For some of these
reactions (K.9), the rate constants need to be measured.

[One of the important issues here is that Ed finds N,O is generated at a much greater rate by radi-
) olysis of EDTA-containing solutions. The rate at which N, was gencrated by thesc same reactions was not
measurced. As noted above by Gene Ashby and coworkers, Ny and N,O gases seem to be gencrated in a
1:1 ratio, suggestive of a single mechanistic pathway. Ed, however, has analyzed the October 1990
analytical data for the gas evolved from Tank 101-SY and found that the ratio of Hy/N,O was invariant at
1.24 as was the ratio of Ar/N, at 0,012, This suggests that the H, and N,O are evolved together, whereas
the N, is from the air.]

[If the same ratio is found in the planned radiolysis experiments as found in Ed’s cxperiments and the
tank gases, radiolysis would appear to be the gencrator ol most of the gascs, since the composition of the
r gases generated in the Delegard’s (1980) experiments seems to be quite different from the composition
observed in the tank.]

Day Two of the Meeting

iy

Before introducing the ferrocyanide issues, Thom Dunning started a discussion of information from
the previous day (February 7). There was some discussion about the mechanism by which the crust is
formed and the role it plays in the physical mechanism. Although the majority of the Science Panel
members disagree, Ed Hart is of the opinion that the major problems in Tank 101-8Y result from the
presence of the crust. In his opinion, the crust ought to be dissolved. Bill Thompson warned that remov-
; ing the crust would might cause major problems because the crust is thought to act as a throttle and as
j such it tends to limit the concentration of released gases in the tank plenum. As noted before, we need to
| proceed with caution, Remediation strategics suggested without the information on the chemical and
t[ physical processes could create more problems than the suggestions attempt 1o solve,
|[
|
1

The need for physical modeling was discussed. It is the general feeling that the information obtained
from the core samples will be insufficient 1o answer all of the questions needed for a basic understanding
of the physical processes taking place in the tank. Therefore, it is imperative that physical modceling begin
! now rather than waiting until sufficient core samples are obtained to answer the majority of the questions,

[Physical modeling means the use of small vessels that are constructed to study various aspects of the
physical hold up and release of the gases. This differs from physical simulations, which arc obtained by .
‘ using & mathematical representation of the physical process in a computer code and a computer to graphi-
| cally illustrate the results of the caleulation.] The use of these physical models will further our under-
standing of the possible physical processes taking place in the tank. Dan Reynolds, Don Trent, and Bill
Thompson will meet ta discuss the approach, This may lead to a task in a proposal from R, T, Allemann
(PNL), who is currently working on the physical processes in Tank 101-SY,

X
A summary of the meeting on February 7-8 will be completed on Tebruary 11 and sent to Mr, John
Deichman (WHC) and Mr. John Tseng (DOE/HQ). This summary will be bricf and consist of bulleted
. iterms, | This summary was written and distributed and is attached as Attachment L.
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Ferrocyanide Issues

It was expected that Mr. John Tseng would be present to introduce the Science Panel to the ferrocya-
nide issues, but he could not attend. In his stcad, L. G. (Larry) Morgan introduced the ferrocyanide issucs
and why the Science Panel is being requested to consider the chemistry and physics associated with this
unique waste. Larry indicated that, as is the case with Tank 101-SY, the tanks containing ferrocyanide
represent an unresolved safety issue. The manner in which the ferrocyanides were precipitated yiclded an
oxidant (the nitrate and nitrite portions of the waste) and fucl (ferrocyanides) in an intimate mixture,
Calculations indicate that this mixture could be explosive and that sufficient encrgy would be released
during an explosion to causc significant dose to the workers in the area and to the individuals near
Hanford.

During the carly 1950¢, the ferrocyanide process was uscd to process wastes and remove the B¢,
The chemistry of the process is discussed more thoroughly below. During this campaign, more than
1000 moles of K NiFe(CN)4 (ideal compound) was produced in about 23 tanks at the Hanford Site, The
process by which these wastes were processed is well documented; the identity of the solids that were
produced is not well known. It is difficult to determine which processes were proposed and/or actually
used. Therefore, to proceed with the project at all, the waste tanks need to be sampled. However, the
same safety issues that necd to be resolved in order to take a core sample from Tank 101-SY ulso need to
be resolved to sample the waste in these tanks, The potential for an explosion is at the heart of the issuces
for these tanks; it is known that these materials (ferrocyanides) react vigorously, but it is uncertain if the
reactions can be classified as explosive.

Larry recommended that the Science Panel review the existing information and produce a document
similar to the document written for Tank 101-SY (Strachan, Reynolds, Sicmer, and Wallace 1991). The
Science Panel members should also review the joint PNL/WHC study plan. Lastly, he recommended that
the Science Panel members study the ferrocyanide chemistry so that they can better deal with the issues
associated with this waste.

The Ferrocyanide Process

Since most of the members of the Science Pancl were unfamiliar with the process used at Hanford in
the carly 1950', D. A. (Dan) Reynolds gave a bricf history of the processes that were used at Hanford for
processing spent reactor fuel to recover Pu, In particular, he covered the background to the processes that
led to the generation of the "ferrocyanide” wastes (sec Attachment M),

As shown in Attachment M, the first processes to separate Pu from U did not recover the valuable
U and the proeesses were precipitation processes. It was soon realized that the valuable U could be recov-
ered, and a new solvent extraction process was developed. During the process of recovering the U, large
amounts of liquid waste were generated from which the B¢ was subsequently removed using the ferro-
cyanide scavenging process. In this process, potassium ferrocyanide [K,Fe(CN)g] was added to the acid
waste, the solution pH adjusted to 9x1, and adding cqual molar NiSO,. This process was supposed (o
precipitate Cs,)NiFe[CN]g, bul the 137¢s was probably carricd down as a solid solution with some other
alkali-nickel ferrocyanide.

Since the major concern was precipitation of the 13¢5, no effort was made 1o fully characterize the

waste resulting from the ferrocyanide waste, Instead, the waste was allowed to settle for several days, and
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the supernate was pumped to a crib [a covered ditch in the sand], while the solid remained in the tank.
The waste supernate was checked for radioactivity before being pumped, but no other analyses were per-
formed. Similarly, the solid waste in the tank was not analyzed,

The flow sheet for the ferrocyanide precipitation was changed over the period in which it was used.
In the beginning, the potassium salt was used, but ldlCI‘ the Iess expensive sodium salt was used. Caleium
nitrate and, later, St(NO,), were added to 1mpmvc 20t removal, The concentrations of Na,Fe(CN), and

NiSO, 4 Werg reduced by a factor of two. Before the end of the campaign, Na,HPO, was added to wastes

low in PO} to improve the sorption on the soil,

Over the years since these wastes were generated, these tanks were used for other wastes either tem-
porarily or permanently. Some of these wastes were highly alkaline and may have caused partial dissolu-
tion of the ferrocyanide solids, although this has not yet been confirmed. 1t is the addition of these other
wastes, a major source of the sitrates and nitrites, that is the cause for major concern. Use of single-shell
tanks was discontinued in the late 1970s.  All of the pumpable liquids have been removed from these tanks
and now reside in the double-shell tanks.  Although some of these tanks continue to be pumped using lov
volume pumps, some liquids cannot be removed because they are held by capillary forces,

Further information and a sample ferrocyanide flow shect are found in Attachment N,
Ferrocyanide Chemistry

Il the ferrocyanide product is not well documented, the propertics of the ferrocyanide product are less
well known, Dr. L. L. (Lee) Burger has worked for several years on the chemistry associated with the
ferrocyanide products, He presented what is known about the chemistry of the ferroeyanide process. His
presentation is included as Attachment O,

From what can be gleaned from the carly Hanford documents, the most probable conditions and pro-
ducts are shown in 0,1, Because of the very low molar coneentration of Cs in the wastes, there is little
likclihood that the pure compound Cs;Fe(CN),, exists in the waste tanks. Since there are no thermodyna-
mic data on the ferrocyanides, Lee estimated the heat of reaction (AH) using other compounds (O.2).
Similarly, Lee estimated the heats of formation (AH,) for NiIFe(CN),; and Na,NiFe(CN), using the AH’s
of other cyunides,

Lee and his coworkers have caleulated from thermodynamic data the energy relcased during exother-
mic reaction between NaNO4, NaNO,, and NayNiFe(CN),, and have compared these encrgies to the
energies released during the C\plosl()n of .sc,vc.ml known cxplosives, Data were also obtained from scan-
ning calorimetry experiments. The energy released in the reaction of NaNO4, NaNO,, and Na,NiFe(CN),,
is somewhat lower than for other explosives, Also, less gas is released during the ICIr()(,ydmdc reaction,
As part of the ongoing salety studics, C\p(,rlmcnls arc being carried out at Los Alamos National Labora-
tory to measure more accurately the energy of the reaction and evaluate the sensitivity of the mixture, As
part of this study, larger batches of the mixture will be studied, since heat losses to the environment can
quench the reaction sufficiently to keep the reaction from becoming sell propagating,

In Figure 0.6, a typical scanning thermogram and differential scanning thermogram are shown,  This
1h< rmogram is for & mixture of a ferrocyanide and NaNO,/NaNO, that was fitst mixed wet and then dried
1 100°C before the thermogram was made, Figure 0.7 shows the differential scanning, calorimeter (DSC)
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for the oxidation of two dry ferrocyanide salts in air, This thermogram differs from the oxidation of the
salts in the presence of NaNO, and NaNO,. The difference between the materials produced in "Batch 1
and those in "Batch 2" is not ccrmin but the order in which the chemicals were mixed to precipltate the
salts in "Batch 2" was the reverse of the order when making "Batch 1" The reactions that take place in
these salt mixtures depends on the composition of the salt mixture, To illustrate this effect, DSC analyses
were performed using 50% Na,NiFe(CN), with 50% of either NaNO; or a mixture of NaNOL/NaNO,
(0.8). The results from this DSC indicate that the reaction temperature is shifted o lower temperaturce
when NaNO, is present. Increasing the amount of oxidant present above the stoichiometric amount
decreases the magnitude of the exothermic energy release. For comparison of materials, it is also impor-
tant to fix the heating rate at which these analyses are made. In Figure O.10, Lee showed that as the scan
ratc increased, the temperature at which the exothermic peak occurred also increased for Cs,NiFe(CN),.
This information can be used to obtain the activation cnergy (E,) for the reaction.

Lee and his coworkers have performed a number of time-to-explosion (TTX) experiments, In these
experiments, a small (=40 mg) amount of salt mixture is loaded into an NMR tube [a thin-walled small
glass mpillary tube] and the tube placed in a heated metal block. The time needed for the mixture to
explode is recorded as a function of the 1unpcrdlmc of the preheated metal block, Results from a set of
typical TTX experiments with a mixture of Cs,)Nil'e(CN), with a mixture of 65 w9 NaNO, and 35 wi %
KNO, is shown in Figure O.11. Minimum temperatures of about 300°C arce xcqu' d for the particular
mixture shown in Figure O.11 to cxplode. Figure O.12 shows the sensitivity of the time to explosion
temperature to the composition of the salt mixture. The upper curve in Figure O.12 is for Cs;NiFe(CN),,.
Adding an organic such as cthylenediaminctetraaccetate decreases the time to explosion. The remaining
curves in Figure O.12 are for various precipitates of nickel ferrocyanides including a commercial
Ni,Fe(CN), (Plalz and Bauer). Oxidizing the Fe(Il) to Fe(H), i.e. producing the ferricyanide, appears o
lower the temperature at which these compounds explode, but the data are incomplete and more data need
10 be collected to draw a firm conclusion. The above results are reinforeed by the results tabuliated on
page O.14. In the experiments summarized in this table, the compound being studied was mixed with the
oxidant shown in the table. The metal block used to heat these samples was held at a constant 360°C and
the time to explosion was measured, The critical explosion temperature ('T,), determined from other
experiments, is also listed,

From the above-mentioned experiments, Lee and his coworkers have been able to estimate the activa-
tion energy of the oxidation reaction for Cs,NiFe¢(CN).. The experiments that were used to defermine the
activation cnergy were the DSC and the time-to-explosion tests carried out under isothermal conditions,
The DSC work is shown in Figure O.10 and discussed above. The isothermal experiments are discussed in
the previous paragraph, This result allows onc o caleulate the rate of the reaction between CsyNite(CN)
and NaNO; at any temperature over which the reaction mechanism remains the same. The activation
energics for two of the ferrocyanide reactions and three known explosives are shown in the table on page
0.16. These activation cnergics allow one 1o get a general understanding of the temperature sensitivity of
the reactions, but these data may not be used to compare the rates at which these reactions oceur,

i.c. explosiveness, at any given temperature. More information is needed besides the activation energy.

Lee indicated that part of the experimental problem in working with explosives is the effect that heal
loss to the apparatus and/or the surrounding material has on the results, This is illustrated in Figure O.17.
In this graph, Lee pointed out that a solid can remain in thermal equilibrium with the container in which
it is being tested or the surrounding material with which it is being tested if the heat gencrated is tow rela-
tive to the rate at which the apparatus or heat sink can dissipate the heat, However, if the heat generated
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becomes large with respect to the heat lost to the heat sink, then the samples become self heating and the
reaction "runs away." This cffect should be an important consideration when studying reactions of this
nature, An cxample of this effect is shown in Figure O.18, Thesc data came from an experiment in which
Lee placed a small amount of a ferrocyanide and nitrate oxidizer in a 5-mm glass tube. A thermocouple
was centered in the NMR tube and the temperature of the solid was measured as it was heated from room
temperature to 360°C using a stainless steel block at 360°C. The time to explosion, as determined by the
sharp increase in temperature recorded from the thermocouple, is much longer than the times recorded in
experiments without the thermocouple present (see Figure O.14), This is because a significant amount of
the heat being gencrated by the reaction in the sample was being dissipated through the thermocouple.

In an effort to further understand the temperature dependence of the explosion reaction {or
Cs,NiFe(CN), with a mixture of NaNO, and KNO,, the results from the time to explosion experiments
over a range of temperatures from about 290°C to 400°C were plotted as log-time vs 1/T. The results
from a typical experinent arc summarized in Figure 0,19 and suggest a change in kinetic mechanism at a
temperature of about 310°C. Since the reaction mechanism is unknown at this time, it is only possible to
indicatce that the mechanism changes and has a higher activation cnergy at the tower temperatures,

One of the concerns with the results from the experiments that have been car-ied out to date is that
most of the experiments have been performed using more-or-less pure materials,  Fowever, in the tanks
there are inert materials such as carbonates, aluminates, and water. These material are likely to reduce the
encrgetics of any exothermic reaction through dilution and heat absorption. To estimate the effect of
water, for instance, the heat of vaporization of water and the heat required to heat the water to 100°C
must be provided by the exothermic reaction. In addition, the heat of melting of the salts and the heat of
decomposition of the nitrates/nitrites must also be taken into account, Lee showed the caleulations that
must be made to perform this caleulation. Estimates of the energy required to heat various compounds 1o
three different temperatures are shown in Figure 0,21, This heat requirement is then available to quench
the "run away" reaction,

There has been some suggestion that the nickel ferrocyanides may be more soluble in highly alkaline
solutions. Lee listed some of the stability, dissociation, and solubility constants for some of the chemical
species in the Ni-I'e-CN™-OH system. These constants can be used (0 estimate the solubility of some of
the ferrocyanides at different pH values, [The stability constants for the hydroxide complexes of Fe and Ni
arc missing from this listing and may be important in any calculation of the solubility of the ferrocyanides.)
As an example, Lee calculated the change in the ratio of Fe(lI) to Fe(ll) cyanide complexes.

Lee also indicated that radiation chemistry is probably also very important, He listed some of the
reactions that were listed by BEd Hart carlier plus some others. "These chemical species generated by the
radiolysis cvents may, and probably will, play an important role in the oxidation of {errocyanide to ferricva-
nide. Other reactions may also be important, such as reactions between radiolytically generated specie and
the eyanide ligand. The system is complex and will require a comprehensive experimental program,

Lee concluded with a brief discussion of the current program. This is @ program with limited scope.
The number of compounds being studied is limited as arc the conditions under which these compounds
will be studied, There are several important arcas that need investigation and that are not being studicd.
The Scicnee Pancel will need to help identify those arcas that need to be addressed to understand the
chemistry of the decomposition reactions, the analytical chemistry, and the chemistry involved in the
precipitation and dissolution of these compounds,
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Other Discussion »

The Science Panel members returned to some questions that had been sent to them by Mr. John
Deichman and Mr. Jerry Johnson, both from Westinghouse Hanford Co. One question concerned the use
of taking extra samples during the core drilling operation. The main thrust of the question concerned r
using the samples for leboratory gas generation experiments, The Science Pancl members indicated that
they were unprepared to determine the usefulness of performing laboratory gas generation experiments
with actual samples [rom the tank, but there was genuine interest in obtaining extra samples so long as the
taking of these samples did not interfere with the overall coring operation, If this were possible, it would
mean that there would be enough sample to obtain the informatio» critical to understanding the chemical
and physical mechanisms, The priority should be given to getting extra samples from the bottom of the
tank. Samples of the crust should take second priority with the liquid samples having the lowest priority.

At this point in the meeting, Thom Dunning, Larry Morgan, Ben Johnson, and Denis Strachan had to
leave the room for a phone call to John Deichman and John Tseng, The remaining members of the
Science Pancl discussed other questions. Some notes were taken, but Denis was not able to relate them (o
the questions that were taken, Therefore, this part of the meeting is not recorded here. There was 4 gen-
cral interest by the Scicace Panel members in the ferrocyanide waste problems and most indicated that
they could be available if needed to serve on a Ferrocyanide Pancl.

The Science Panel members discussed the subject of expanding the purview of the Science Panel to
include the ferrocyanide issues, The Pancl members agreed that the Science Panel should take on the
ferrocyanide issues, but that the Seicnce Panel should be reorganized into a panel of permanent members
and sub-groups or working groups having the charter to investigate a particular issue such as ferrocyanide
or hydrogen generation,

The next meeting of the Tank Waste Science Panel should be in about three months (May or Junc).
The meeting was adjourned.
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AGENDA

TANK WASTE SCIENCE PANEL MEETING
FEBRUARY 7 & 8, 1991
REGISTRY HOTEL
DENVER, CO

THURSDAY, FEBRUARY 7 (Koom to be displayed on the reader board)

8:00 Breakfast (served in the meeting room%.
8:30 Introductions and Introductory Comments - TH Dunning
Request from Robert Marusich

9:00 Thoughts on the Kinetics of Gas Generation and Crust Format'on

in Tank 241-SY-101 - DM Strachan
10:00 Break

10:15 Data from the October 24, 1990 Gas Release Event - DA Reynolds
‘ DL Herting

11:00 Hydrogen Production from Organics and the Detection of Trace

Quantities of Hydrogen - DD Siemer

12:00  Lunch (served in the meeting room).

12:30 Presentation of Radiolysis Work at Savannah River - NE Bibler
1:00 Radiolysis Chemistry in Nitrate/Nitrite Solutions - EJ Hart

:00  Chemical Mechanisms Studies at Georgia Tech - EC Ashby
:00  Break

:15  Radiolysis Studies at Argonne National Lab - EP Horwitz

S>> W W

:00  Discussion
FRIDAY, FEBRUARY, 8 (same room)

8:00 Breakfast (served in the meeting room).

9:00 Introductory Comments - TH Dunning

9:30 Introduction to Ferrocyanide Issues - J. Tseng
10:00 History of Ferrocyanide Process - DA Reynolds
10:45  Break

11:00 Chemistry of Ferrocyanides and Summary of the Chemistry of

Ferrocyanides - LL Burger
12:00  Lunch (served in the meeting room).
12:30 Discussion of Data Needs, Plan of Attack, etc.
3:00 Adjourn
Al
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ATTENDANCE LIST

AFFILIATION

los Alamos National Laboratory
Geor?1a Institute of Technology
Westinghouse Savannah River
Pacific Northwest Laboratory
Pacific Northwest Laboratory
Consultant

Westinghouse Hanford Company
Argonne National Laboratory
Pacific Northwest Laboratory
Argonne National Laboratory
Pacific Northwest Laboratory
Westinghouse Hanford Company
Consultant

Westinghouse Idaho Nuclear Co.
Pacific Northwest Laboratory
Washington State University
Pacific Northwest Laboratory
Department of Energy/HQ

:;'Attended the second day only.

Attended the first day only.
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THOUGHTS ON THE CHEMICAL MECHANISM OF
GAS GENERATION AND CRUST FORMATION IN
TANK 241-SY-101

D. M. Strachan

Over the past several weeks, I have been giving some thought to the chemical
mechanism of gas generation and crust formation. I have summarized my

“ thoughts below. It should be pointed out, however, that my thoughts on crust
formation were catalyzed during a meeting held by Harry Babad (WHC) at which
Dan Reynolds showed pictures of Tank 101-SY taken over the years since it was
filled. The mechanistic model of how the crust was/is formed was given by
Harry, who may or may not have been the originator. Also, Rudy Allemann’s
treatment of the pictures taken in 1989 of the crust in Tank 101-SY played a
role in what follows.

b

| CHEMICAL MECHANISM OF GAS GENERATION
|

i

Since Tank 101-SY was filled, waste volume readings have been taken using both
an automatic Food Instrument Co liquid level gauge (FIC gauge) and a manual
tape. The readings from these measurements have been recorded and the data
since early 1984 are available as a Lotus 1-2-3® file. From these data I have
been able to come to some conclusions that will ultimately need verification.

Figure 1 shows the typical data that are obtained from the FIC gauge. These
data span the time from March 1984 to December 1990. Upon first glance, it
appears that an analysis of these data would at best be fraught with large
uncertainties. However, one can see that the data appear to be more
manageable when one looks only at the time between gas release events (Figure
2). Even these data do not appear to lend themselves to analysis largely
because of the "mini burps" between the larger burps. However, by removing
these small fluctuations from the data - in effect making the assumption that
the burps ara due only to physical phenomena - the data become amenable to
analysis (Figure 3). To remove these mini burps from the data, the height
lost during a mini burp is added to the recorded heights after the small
release and the time over which the small release event occurs is subtracted
from all of the times after the event.

A Tlinear increase in waste volume with increasing time is indicated by these

. data (Figure 3). Furthermore, all of the data analyzed to date appear to
indicate a linear increase in volume as a function of time. The slope or rate
of gas generation varies depending on the time since the waste was placed in
the tank and if "lancing" was being performed. One period between gas release
events was selected from each year and treated in a similar fashion as
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described above (Figures 4 to 9). 1In all cases the fit of the data to a
straight line was excellent with a relative standard deviation of about 5% or
less.

Since each of these plots is linear, once must conclude that the rate is
independent of the mechanical stirring of the tank during a release event, the
gas generation rate is independent of the mechanical processes, and the rate
is insensitive to the increase in temperature that occurs between events, A
chemical event that is linear in time indicates that the system is at steady-
state, or the reaction is zero order, or the concentration of the rate
limiting species is at steady-state. It also indicates that the reaction is
independent of the H, and the N,0 partial pressures. In the case of N0, the
relative saturation of this gas in solution may be constant before and after a
gas release event, so the concentration appears to be at steady-state as far
as the chemistry is concerned.

Since the slope of the lines in Figures 3 to 9 should be the rate at which the
gas is being generated, the time variance of the slope might indicate
something about the primary source of the gases. To investigate this aspect
of the data, I plotted the rate (slope of the line) against the time since the
first available data (Figure 10). If the rate were dependent on the activity
of '3’Cs or °0Sr then the decrease should follow an exponential decay from the
first data point to the last. (The half lives of the two isotopes are nearly
equal: ¥’Cs = 30.23 years and %0Sr 28.1 years.) There are insufficient data
to validate the conclusion that one of the rate controlling steps is the
amount of activity, but the interpretation is at least consistent with the
data. Earlier, I though there might be an indication that air lancing in the
tank significantly increased the rate of gas generation. However, including
data earlier than 1984 significantly increased the noise in the data so as to
obscure any effect of air lancing on the gas generation rate. A statistical
approach may allow us to make more firm ccnclusions on the effect of air
lancing. From our brief experience in the laborainry, we know that 0, is
needed for the reaction. A least squares fit of the data to the equation y =
Arexp(-6.296+107%.t) yielded a value for A with a standard deviation of less
than 3%. This line is shown in Figure 10.

CRUST FORMATION

Up until recently, I was a strong believer that the gas was diffusing through
the crust once it had been released from the bottom of the tank. In fact, one
cannot rule out this mechanism because reasonable permeabilities are
calculated from the volumes of gases released and the time over which they are
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released. Howéver, other physical evidence would argue that this mechanism
may play only a partial role in the release of gases from the waste,

A figure from Allemann et al (Figure 11) and their analysis of this figure
indicates that the liquid waste from below the crust is pushed onto the top of
the crust during an event. This is deduced from the general appearance of the
crust and the displacement of cables and pipes that have been in or on the
crust for a long period of time. This physical model of the crust suggests
that the waste is preferentially released from one direction and either flows
out on top of the crust or causes a displacement of the crust such that the
dark material is replenished while the white material is not and may be very
old crust.

Three pieces of information are consistent with this model. One piece of
information is the recent chemical analysis of the samples taken from the top
of the crust. Results from these samples suggest that the composition of the
dark material from the crust is similar to the composition of the liquid waste
that was analyzed in 1986 by Mauss.

The second piece of information consistent with this model of the crust
formation are the gamma scan data, which indicate a high concentration of
gamma activity at the same level as the crust. If the liquid waste was being
forced onto the top of the crust, then one would expect the !¥’Cs activity to
be high - certainly higher than expected if the model was that the crust
formed from the reaction between air and the highly alkaline liquid. The old
part of the crust - the white part - would be expected to contain less '¥Cs
and more carbonate. It is known from the analysis of the recent samples that
this material is much drier than the samples of dark material.

The third piece of information that is consistent with liquid waste flowing
onto the top of the crust is the low level readings obtained using the manual
tape. The manual tape is on the opposite side of the tank along a diagonal
running through the position of the FIC gauge and the center of the tank.
This device is located in the area of the predominantly white material. The
waste level readings are consistently less than the FIC gauge readings by
about 20 inches. This discrepancy has always been puzzling, but would be
explainable if the major portion of the crust formed by 1iquid being ejected
from below the crust to the top of the crust.

To pursue this latter point a bit further, I plotted the difference between
the FIC readings and the manual tape readings against the time since the tank
was filled (Figure 12). To save time, I randomly selected pairs of height
measurements each month. When there was Tiquid in the tank, first data point,
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the readings should be equal, zero on this plot. However, within four months
the difference became negative; the FIC gauge readings were less than the
manual tape readings. What I think this means is that a crust began to from
in the area of the manual tape during the first four months after adding the
first waste to the tank, even though there were three addition of waste during
that time period. The last waste to be added to the tank was in November
1980, about 900 days in Figure 12. The four data that are positive appear to
be the result of flushing of the FIC or manual tape, change out of these
devices, or malfunctions; they do not appear to be related to waste additions.
Probably the most interesting trend in the data, however, is the trend toward
zero from about 1200 days to the latest data that I had which is for March
1984. The data used in the analysis of the kinetics (Figures 1 to 10)
contained only the FIC gauge readings. Mr. Dan Reynolds (WHC) is sending me
the remaining data I need to complete this analysis. However, it is important
to note that recent data show the difference between the FIC and the manual
tape at about +20 inches. 1In December 1990, the FIC and manual tape were
replaced and calibrated. The levels made after installation of this equipment
reproduced the data taken with the equipment that had been removed. Thus, the
difference in waste heights measured earlier is accurate and from about
February 1984 the crust on the side of the FIC gauge became thicker with time
as waste was added to the top while the crust on the manual tape side remained
constant or did not increase in thickness at the same rate as the dark
portion. It should be noted that the sample obtained from the manual tape in
December 1990 was "dry" and sparse which is consistent with the model of the
crust proposed here. Also, some people think that the crust is tilted; this
model would suggest otherwise.

FUTURE WORK

I have only analyzed a fraction of the available data. Data from 1978 to 1984
exist, but in hard copy rather than magnetic. A cursory look at these data
vuggest that the rates of gas generation are consistent with those that would
be predicted based on '¥Cs decay. These early data need to be treated in a
similar fashion as I have done above. However, Larry Pederson suggested that,
rather than manipulate the data as I have done, the data should be treated
statistically to determine if the mechanism I propose is valid.

In Tooking at the data for the time period between 1978 and 1984, I have
noticed that the "modern day" burps only started after the last waste was
added to the tank in November 1980. Before this time the cycle from Jow waste
volume to high waste volume was about 2". This would indicate that there was
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something special about the last waste. I have requested this information and
hope to find something unique about this waste that could be Tinked to the gas
generation in this tank.
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DXRD STUDIES OF SYNTHETIC CRUST REACTIONS |

h .
CRUST PREPARED AT WESTINGHOUSE (Herting)

DSC and TGA EXPTS IN AIR AND N;

DXRD:
IN-SITU XRD with DYNAMIC DATA ACQUISITION

TEMPERATURE PROGRAMMING
CONTROLLED GAS ATMOSPHERE

ON-LINE GAS ANALYSIS (NOy, CG,)
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" \;Cp Westinghouse Internal
== / Hanford Company Memo

fom Process Chemistry Laboratories 28110-PCL91-009
. one: 3-2532  T6-50
Date: January 29, 1991
Subject: TANK 101-SY CRUST SAMPLES, ANALYTICAL RESULTS, FINAL REPORT
J. L. Deichman B3-86
To:

cc: Distribution
D. B. Bechtold gﬁ%ﬁ?
DLH File/LB
Process Aids (Tank Farms)

References: (1) Memo, J. R. Jewett and H. Babad to J. L. Deichman,

"preliminary Total Organic Carbon Analysis TK-101-SY Crust
Samples", dated December 4, 1990.

(2) Memo, J. R. Jewett and H. Babad to J. L. Deichman,

"preliminary Radionuclide Analysis TK-101-SY Crust Samples",
dated December 21, 1990.

(3) Memo, J. R. Jewett and H. Babad, "Preliminary Chemical
Analysis of TK-101-SY Crust Samples", dated January 4, 1991.

(4) Memo, D. L. Herting to G. D. Johnson,
"Tank 101-SY Crust Sample Recovery and Yisual
Observations", dated December 7, 1990.

(5) Memo, B. M. Mauss to L. M. Sasaki, "101-5Y Samples:
Laboratory Analysis and Results", daped‘May 30, 1986.

(6) Memo, J. R. Jewett and H. Babad to J. L. Deichman,
"Preliminary Thermal Analysis TK-101-SY
Crust Samples", dated November 29, 1990.

(7)  Memo, D. B. Bechtold to J. L. Deichman,
"Thermal Analysis of 101-SY Crust Samples", dated
December 31, 1990.

Three crust samples were removed from Tank 101-SY on Sunday,

. November 18, 1990. The samples were taken by removing three level detectors
from the tank: the sludge weight, the manual tape plummet, and the Food
Instrument Company (FIC) plummet. This memo describes the chemical and
radionuclide analytical results for the crust samples. It supercedes the
preliminary analytical results reported in references 1-3. Analytical
summaries are presented in tables 1-4.
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January 29, 1991

Details regarding recovery of the samples from their shipping containers can
be found in reference 4. The total amounts of sample recovered were:

Manual Tape Plummet: 0.70 grams of very dry, chunky, dark gray snlids.

FIC Plummet: 0.27 grams of very dry, powdery, yellow solids.

Material recovered from the sludge weight (SW) was divided into three
fractions based on appearance and origin:

SW/Wet: 67 grams of very dark brown, moist, sticky solids the

consistency of peanut butter, taken from inside the "donut hole" of the
sludge weight.

SW/Dry: 11 grams of very dark brown, dry, flaky solids, scraped off the
outer surfaces of the sludge weight.

SW/lLoose: 4.8 grams of dark brown, dry, chunky solids, recovered from
the inside of the sludge weight retrieval device.

In general, all five samples (Manual Tape Plummet, FIC Plummet, SW/Wet,
SW/Dry, and SW/Loose) were remarkably similar to one another in chemical
composition (see table 1). They were also very similar to slurry samples
taken from the tank in 1986 (reference 5). The major components in all the
samples were sodium salts df nitrate, nitrite, carbonate, aluminate, and
organic complexants. Details on the sample preparation, analytical
determinations, and results follow.

DIRECT SAMPLE ANALYSES

Thermal analyses were done by the Process Chemistry Laboratories (PCL) on all
the samples. These are reported in references 6 and 7. Weight percent water

values determined by thermal analysis are included in tables 1 and 2 in this
memo.

Because the sludge weight samples, in particular, were exposed for up to six
hours to a significant air flow in the hot cell, an experiment was done using
synthetic waste to determine how much moisture might have been lost during the
recovery of the sludge weight sampies.

Four sythetic crust samples were placed in open beakers or vials and exposed 4
to air flow by placing them in a fume hood for six hours. The weight percent
moisture was determined before and after the six hour period by measuring
weight loss at 180°C. The air exposure resulted in a decrease in the average
percent moisture from 25.5 percent to 20.5 percent. These results confirm
that the percent moisture results reported in references 6 and 7 are
conservative., The experimental conditions are sufficiently different between

the sludge weight samples and the synthetics that a direct extrapolation
should not be made.
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J. L. Deichman , 28110-PCL91-009
Page 3

January 29, 1991

After the thermal analyses were completed on the Manual Tape and FIC samples,
the entire remaining samples were delivered to Analytical Laboratories (AL).
A non-destructive gamma energy analysis (GEA) was run on each solid sample to
give a qualitative indication of which radionuclides were present., A solid
GEA gives only qualitative results because of the non-standard sample
geometry. Results showed that Cs-137 was the major isotope found in both
samples, and Eu-154 was identified in the manual tape sample only. No other
gamma emitters were found. Solid GEA's were not done on the SW samples

because there was sufficient sample to do quantitative GEA's on fusion-
dissolved samples.

After AL had used virtually all of the Manual Tape and FIC samples to perform
water digest analyses (see next section of report), the "empty" original
sample containers were returned to PCL. Enough material was recovered to
perform a limited examination with the polarized 1ight microscope. Despite
the large differences in physical appearance of the two samples, they looked
very much alike under the microscope. Major crystalline phases that were
identified based on crystal morphology and optical properties (mainly
birefringence) were sodium nitrate and sodium carbonate. Other crystalline

phases were suspected but could not be confirmed with the very limited amount
of sample.

In the case of the three SW samples, individual subsamples were delivered to
PCL for thermal analyses and to AL for chemical and radionuclide analyses.
The remainder of each sample was archived. A portion of each archived sample
will be sent to Pacific Northwest Laboratories (PNL) for total organic carbon
analysis as soon as a work order is in place to fund the PNL work.

Polarized 1ight microscopy for the SW samples was performed by PCL on the
unused portions of the thermal analysis subsamples. All three samples looked
very similar to the Manual Tape and FIC samples. Crystalline phases that were
positively identified were sodium nitrate, nitrite, carbonate, aluminate,
phosphate, and either chloride or fluoride. The samples also contained some
unidentified crystalline and non-crystalline phases.

X-ray diffraction analyses were performed by AL on the three SW samples.
Results were the same for all three, with the only crystaliine phases
identified being sodium nitrate and nitrite.

WATER DIGEST

A water digest was performed by AL on all five samples. Larger-than-normal
dilution factors were necessary for the Manual Tape and FIC samples because of
the 1imited amount of sample available. These large dilution factors led to
correspondingly large uncertainties in the analytical results, especially for
the FIC sample, which had the largest dilution factor.
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January 29, 1991

Analyses performed on the leachates from the water digest were: total water-
soluble organic carbon (TOC), carbonate, hydroxide (or pH), and Dionex ion
chromatography (for nitrate, nitrite, fluoride, chloride, phosphate, and
sulfate). In addition, GEA and inductively coupled plasma (ICP) analysis for
metal ion concentrations were performed on the water Teachates from the Manual
Tape and FIC samples. Normally, the ICP analysis is done on an acid leachate,
and the GEA is done on the fused/dissolved sample, but there was no more
sample available for these two samples to perform an acid digest or fusion.
For the sake of comparison, GEA was also performed on the water leachate for
the three SW samples.

A1l of the organic compounds that are known to be present in Tank 101-SY are
at least moderately water soluble. These include sodium salts of the common
complexing agents and their degradation products, all of which are water
soluble by virtue of their highly polar amine and hydroxy functional groups
and/or their negatively charged carboxylate functional groups. In order to
account for the possibility that the crust samples might contain non-polar
(water insoluble) organic compounds, portions of the SW samples are being sent
to PNL, where a true total organic carbon analysis will be run directly on the
solid samples.

Chemical analysis results are shown in tables 1-3. GEA results are shown in
table 4 along with other radionuclide results. For a full discussion of the
results shown in the tables, see the approriate section later in this memo.

The preliminary report on total organic carbon analysis (reference 1)
contained an error in the table where weight percent TOC and sodium carbonate
were reported., The SW/DRY and SW/WET labels were interchanged in the table.
The values reported in this memo have been corrected.

SIMULANT ANALYSIS

As an independent check on AL water leach and analysis procedures, two
simulated crust samples were prepared and submitted to AL for analysis soon
after the actual samples were submitted. The simulants were designed to test:
(1) whether TOC is reported when none is actually present, (2) how accurate
the reported TOC value is compared to a known value which is close to the
amount reported for the actual samples, (3) whether the presence of Na,EDTA
has any effect on the reported value for nitrate, and (4) indirectly, how
complete the water digestion is.

E.4
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J. L. Deichman ‘ 28110-PCL91-009
Page 5

January 29, 1991

Both simu]ants contained about equal amounts of dry, powdered NaNO,, Mg(OH),,
and Na,C One of the simulants also contained an amount of Na,ED *A "2H,0 to
equal 5. 8 percent TOC. As the following table shows, ana]ytica1 resu1ts
("found") were very close to the known values ("actual"):

SYSIM-1 _SYSIM-?
Actual Found Actual Found
Wt% TOC: ~0.00 0.13 2.68 2.99
W% Na,COy: 31.6 31.1 30.1 29.9
wt% NafiOg: 34.5 35.4 29.7 29.9

ACID DIGEST

An acid digest was performed only on the three SW samples. Acid leachates
were analyzed by ICP for metal ion concentrations, which are shown in table 2.

FUSTON

Water leach and acid leach normally result in incomplete sample dissolution.
In order to accomplish complete dissolution, samples are fused with molten
potassium hydroxide, then dissolved in hydrochloric acid. Radionuclide
analyses are performed on the fused/dissolved solution. Cation analyses by
ICP are not done on fused samples because of the huge amount of potassium

introduced by the fusion, Anion analyses are not done because of the large
dilution factors accompanying fusion.

Results of the radioanalyses, which are unchanged from the preliminary report
(reference 2) except for Np-237, are shown in table 4. A review of the
preliminary report by Waste Tank Safety Analysis indicated that the "less
than" values reported for Np-237 were too high to be useful. The neptunium
extraction procedure was repeated for the sludge weight samples, but using the
acid leachate instead of the fusion sample. Because of the smaller dilution
factor, the dectection limit is Tower. The difficulty here is the assumption
that all of the neptunium dissolves in the acid digestion. While this is a

reasonable assumption, it cannot be proved. Both fusion and acid leach
results for Np-237 are given in table 4.

Included in the table for comparison are the radiochemical analyses of the
"Middle" sTurry sample taken from Tank 101-SY in 1986, and reported in
reference 5. This was a dip sample taken from approximately the middle of the
waste slurry, below the crust, and reported to be a "murky, brownish-gray
slurry" containing twenty-eight volume percent filtered solids. The analyses
shown in the table are for the slurry as a whole.

While there are some noticeable differences between the sludge weight analyses
and the 1986 sample results, they are by-and-large well within the same range.
The current samples (including the FIC and Manual Tape) are remarkably
consistent from one sample to another in nearly all isotopes, especially

E.S
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considering the large differences in the physical appearance of the samples.
The Cs-137 values derived from sample fusion also agree well with those from
water Teach of the samples, showing that the cesium is water soluble, Cs-137
was the only gamma emitter identified by gamma energy analysis, except for the
traces of Co-60 and Eu-154 found in the Manual Tape sample, as shown in table

.

DISCUSSION OF TABLES 1-3

Table 1 gives the analytical results for all five samples on the basis of
weight percent sodium salts, relative to the total weight of as-received
sample. (As-received sample means the sample as-received by the people
performing the analyses. As discussed earlier, the samples could be drier as-
received than when the samples were removed from the tank.)

Values in table 1 are the same as those presented in the preliminary report
(reference 3) except for the following changes:

For the Manual Tape and FIC samples, the "zero" entries for Na;PO,

have been replaced by "less than" values. Column totals rema1n
unchanged.

For the SW/LOOSE sample, the Na,S0, entry has been changed from 1
percent to 6 percent to correct a ca]cu]at1on error in the preliminary

report. The column total has been changed from 92 percent to
97 percent.

A typographical error in the last column heading has been corrected.

The data in table 1 have been rather heavily "massaged" to put them into an
understandable format. The raw data (slightly massaged) are presented in
table 2 to show how table 1 was calculated.

Weight percent values in table 1 were calculated from the analyzed
concentration of each anion, assuming the associated cation is sodium. This
assumption is supported by the ICP results (table 2), which showed that sodium
represents 95-98 percent of the total cations present in the samples.

Sodium aluminate is expressed as NaAl0, rather than as NaAl(OH) or as

NaA10,"2H,0 because the water of hydratﬁon is included in the tab1e as part of
the "water" entry.

The "NaOOCCH," ertry is derived from the total organic carbon (T0C) by
multiplying %he TOC by the factor 3.4 to convert from grams of carbon to grams
of sodium acetate. Sodium acetate was chosen because "acetate equivalent" is
frequently used as a measure of total organic carbon, and because it has a
total weight/carbon ratio (3.4) which is fairly typical of the organic
compounds 1ikely to be present. For comparison, the ratio for Na,EDTA is 3.2.

E.6
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The "metals" entry is the total weight of all metals found in the sample other
than sodium and aluminum. These include Ca, Cr, Fe, Ni, K, and Si. No
attempt was made to adjust the weights to account for the species that might

actually be present in the samples (e. g., Fe,0;), because the total weight is
relatively trivial,

The "water" entry is taken from the thermal analysis data reported in
reference 7.

The "total" of each column should equal 100 percent if all the analyses are
exactly correct and all chemical species present in the samples have been
accounted for. . Overall, the mass balance results are within the expected
error range for all samples except the FIC sample. The FIC results reflect
the large dilution factor necessitated by the inadequate amount of sample.

The mass balance results (i.e., column totals) shown in table 2 are actually a
better representation of the validity of the data than the column totals In
table 1, because table 2 contains relatively unmassaged data. In particular,
the total amount of sodium accounted for in table 1 is arrived at by
assumption (that there is enough sodium to balance the anions). The total

amount of sodium accounted for in table 2 represents actual analytical
results.

Another measure of the accuracy of the analytical results is the ratio of the
total equivalents of anions to cations, shown in table 3. This ratio is very
close to unity for all samples except the FIC sample, where the ratio of

anions/cations is close to two. Since the cation total is so consistent from

sample to sample, the anion results appear to be more suspect for the FIC
sample.

Calculation of the millimoles of each ion in table 3 is straightforward, as i
the calculation of the total milliequivalents of cations and most anions. To
calculate the total milliquivalents of organic anions, the total moles of
carbon was multiplied by the factor 0.3. This factor was chosen as a
representative number of negative charges per carbon atom for typical

complexant molecules. For example, HEDTA has ten carbon atoms and three
negative charges.

INTERPRETATION OF CHEMICAL ANALYSIS RESULTS

Analytical results for the major components are remarkably consistent from
sample to sample, especially considering the Targe differences in physical
appearance of the samples (reference 4). The preliminary chemical analysis is

consistent with the limited exothermic activity found by thermal analysis
(reference 7).

Results are also very consistent with the 1986 Middle Slurry sample. The
major differences between the crust samples and the 1986 sample are in the
carbonate, which is much higher in the crust samples, and the hydroxide, which

E.7
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u {s much Tower in the crust samples. These results confirm predictions based
' on exposure of a caustic solution over time to air containing carbon dioxide,

The only other major difference of note is the sulfate concentration, which
was anomalously high in the Manual Tape sample and especially the FIC sample.
The poor mass balance and fonic charge balance cast some doubt on the validity
of the anion analyses for these two samples. However, in a qualitative sense,
it 1s probably safe to say that the Manual Tape and FIC samples did contain
relatively more sulfate than the Sludge Weight samples.

Please call if there are any questions or comments about how the data were
derived or interpreted.

—_ /
D/«;[/e:«?zﬁj
D. L. Herting, Scientist

Process Chemistry Laboratories

tth
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28110-PCL91-009

TABLE 1

i OVERALL COMPOSITION OF CRUST SAMPLES

|

|

!

f]}

i

i NaNO, 22 19 24 23 26 20

7‘ NaNo, 18 13 17 14 25 16

o NaAlo, 12 12 13 11 3 13
Na,CO0, 11 7 15 19 19 3
Na0OCCH, 7 6 8 8 5 5
NaOH 3 5 0 1 1 8
NaC] 2 1 2 2 2 2
Na.P0, 2 2 2 <2 <9 2
Na,S0, 1 1 6 21 60 <1
Metals 2 1 1 1 1 1
Water 15 26 10 10 10 33

LN
TOTAL 94 92 97 109 153 104
E.9
¥,

I8 ‘l'\l\ AR [T wn‘un«wuw [T I R

[ nown



J. L, Deichman 28110-PCLY1-009
Page 10

January 29, 1991

SMET CMAN wa '-g
Watar Leach:
TOC 0,020 0.016 0,022 0.023 0.016
NO. 0,158 0.138 0,178 0.167 0,193
NO, 0.117 0,088 0.111 0.093 0.169
€04 0,064 0,039 0,087 0,105 0,110
Acetate - 0,049 0.040 0,055 0.056 0.039
OH 0.014 0.019 0.001 0.005 0.002
PO, 0,013 0.009 0,009 <0,011 <0.05]
¢ 0,010 0.007 0,009 0.010 0.014
S0, 0,007 0.008 0.044 0.143 0.405
Acid leach: # /
Na . b o8 | 0.240 | 0,280 0.272 0.246
AO, | poosr | o.osy 0.078 0.023
or o ooy | .00y | 0.003 0,001
fo .o ool gloos | 0,001 | 0.000 0.000
Kool e00s | 0,003 0.004 0.005
S\ kee0d | 40-04 0.002
Ca 40-04 4e-04
N i T 40-04 0
From Reference 7.

H,0 | 0.150 0.260 0.100 0,100 0.100
TOTAL () 1 0.931 0.945 0,984 1,038 1.311
(*) - Total includes all weights except TOC, which is incorporated

into the 'acetate' entry. Total shou1d equal 1.000 (see text).
(#) - These ICP results taken from water digest sample, not acid digest.

£.10
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28110-PCL91-009

ANLON: CATION BALANCE IN

A

LER $OLUBLE FRAGTION

(mmoles per gram as-received solids)

SW/DRY SW/WET SW/LOOSE | MAN TAPE F1c
CANTONS
T0C, mmol/g 1.66 1.36 1.86 1.9] 1,32
NO, 2.55 2.23 2,87 2.70 3,11
NO.,, 2.55 1.91 2.41 2.02 3.68
€0y 1.07 0.65 1.45 1.75 1,84
OH 0.82 1.09 0,06 0.31 0.09
PO, 0.13 0.09 0,09 0.00 0,00
C1 0.28 0.19 0.27 0.28 0.40
S0, 0.08 0.08 0,46 1.49 4,22
Al0, 1.48 1.44 1.58 1.32 0.39
CATIONS:
Na 10,56 10.43 12,57 11.81 10.70
K 0.09 0.07 0.09 0.11 0,14
10.87 9.01 11,85 13,69 20,19
10,64 10,50 12.66 11.92 10.84
1.02 0.86 0.94 1.15 1,86

* TOT ANIONS = 0.3*T0C + NO, + NO, + 2*COy + OH + 3*P0, + C1 + 2*S0, + Al0,

* TOT CATIONS = Na + K

* MEQ/G = milTiequivalents per gram as-received solids

[ (R T
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TABLE 4

28110-pPCL91-009

RADIONUCLIDE ANALYSIS RESULTS

Total beta ucCi/g* 560 427 661 INSUFFICIENT 930

Total alpha uCi/g <0.08 <0.15 0.25 SAMPLE FOR -

Cs-137 uci/qg 434 315 469 FUSTON 539
U (Total) g U/q 0.00011 0.00011 0.00010 <lE-5
Pu-239/240 uCi/q <0,0039 <0,0031 <0,0073 0.013
Am-241 uCi/g 0.010 <0.005 0,016 <0.012

Np-237 uCi/g <0.56 <0.47 <0,62 -
Tc-99 uCi/g 0.48 0.40 0,43 0,15

[-129 uCi/qg <0.01 <0.008 0,012 o

- uCl /g 13 23 98 5.6

uCi/g 477 328 417 492 501 -—-

uci/g <0.22 <0.036 <0,053 0,098 <0.,076 -

<0,07 <0,11 <0.10 - - ———

o - - Cs-137 Cs-137 -

— ~—— - - Eu-154 - -

A1l results based on weight of sample as received.

E.12
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\ TYPICAL SETUP

inlet tubing to analyzer

connect only during analysis or presparge —
\-—_

16" long air-cooled
bubble trap

condenser

Ny >>44cc/min N\Y
(optional) J\\§
s*

hard Teflon .
...2 mm bore k\/’ NN

Same

reactant mixture
<“— levy
el
%

g_;g;ﬁﬁd hotplate

water bath reservoir

—
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HYDROGEN IS QUITE SOLUBLE IN REACTION MIXTURES
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IDA ConNcenTrATION vs RESpoNsE
Nitrite 3.07 M, free OH 3.0 M

|
|
| -
{
|

3.5

3

2.5

2

1.5

uaresponse

l
A |
|

0.5

. =
0 01 02 03 04 05 06 07 0.8 0.9
IDA Molar Concentration

THE EXPERIMENT: A '"mother solution" of NaOH and

NaNO, in water was prepared. Another solution

of IDA and an equivalent amount of NaOH was also
prepared. Various volumes of the second solution

were added to fixed volumes of the first in

four tubes and then the ligquid volumes were made up

to a constant 4 cc. The tubes were thermostatted

at 95 C, sparged with air, and the hydrogen *
so~generated "batch analyzed".

CONCLUSION: Reaction is first order in [IDA]
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Nitrate/NiTriTE Conc. (M)
OH =3 M, IDA=0.45M (4 cc)

1 NOa- E 3
E3 NO3-
|}

ua Response
o
e 0]

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Molar Concentration

®  1/2 hour + two hours * three hours

THE EXPERIMENT: A '"mother solution" containing
IDA dissolved in excess NaOH was divided among
four test tubes. TIwo different amounts of NaNOj
were added to two of the tubes and NaNO, was
added to another. Volumes were adjusted to a
common value with water. The tubes were thermo-
statted at 95 C and the hydrogen generation rate
determined.

CONCLUSION:
1. Rate is proportional to nitrate conc.

2. pitrite is somewhat '"stronger" than nitrate.

G.13



NiTriTE M vs Microamp REespoNse
1.75 mmoles IDA, 3 Molar OH-

+—im—

4
|
|
|
|
|

1.5

Microamps
n

|
;
;
| |
| |
| |
| |

PR SURD - S B S

15 2 25 3 35 4 45 5
Nitrite Concentration, Molar

0 05

" 1/2 hour + 2hours l

THE EXPERIMENT...A "mother solution" containing
IDA dissolved in excess NaOH was divided among
four test tubes. Various amounts of NaNO, were
added to the tubes and volumes were adjusted to

a common value with water. The tubes were thermo-
statted at 95 C and the hydrogen generation rate
in each determined.

CONCLUSION:

Ho generation is 1st order in NO,™.
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Effect of OH on Hydrogen Response
5 uL Formalin-continous sparge
3.0

"
2.5 -t

/

2.0 ' s —

1.5 ///
1.0 ’/ ' g
s -
e

- 2
01 02 03 04 05 06 07 08 09 10 11
NaOH/H20 Ratio

Couiombs

0.0
0.0

THE EXPERIMENT: 5 uL aligquots of 37% HCOH were
added to thermostated test tubes containing
various concentrations of NaOH. The sclutions
were continuously sparged (44 cc/min) with air
and the H» in that air monitored. The coulombic
response at each [OH] conc. i1s shown in the plot.
Maximum chemical yield noted was 26%. A subsequent
repeat of the experiment at one [OH™] level using
nitrogen instead of air gave similar results.

observation: the H, peaks seen for low

[OH™] concs. were very low and broad...at

high [OH™], the peaks were not only much

larger but also much narrower.

CONCLUSIONS:

1. Formaldehyde produces hydrogen fairly efficiently
at high OH™ concentrations

2. Both the chemical yield and rate are sensitive to
[OH™]

3. No oxidant is required to produce Ho from HCOH.
G.15 -



% Hydrogen Yield vs Time
5 umoles HCOH, 3.85 M NOS3-
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—.— 0 MOH- —— 0.5M OH- == 0.7 M OH-
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THE EXPERIMENT: formaldehyde was added to test tubes
containing various amounts of NaOH and a constant
3.85 M nitrate. The tubes were thermostatted and any
accumulated Hy '"batch determined" at various times.
The plot shows total H, generated as a function of time.
After two hours, enough NaOH pellets were added to
tube #1 to raise free [OH] from O to >10 M...a huge
peak immediately appeared which integrated out

to a coulombic response corresponding to an 85% yield.

CONCLUSIONS:
1. Chemical vield is strongly dependent on [OH™]

2. Rate of hydrogen generation is also strongly
dependent on [OH™ ]

2. Formaldehyde (or the "real" H, precursor
derived from it) is not very volatile and is
stable in absence of free hydroxide.
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AluminaTe Conc. vs uA Response

| - Free OH=3 M, IDA=0.5 M (4 cc)
1 2.5m
i
2.0 - S
A
- ~ N
8_ 1.5‘0" P e I
8 +
o 1.0+
]
3
0.5
0.0 [ —+
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Aluminate Conc. Molar

®m  first hour + second hour

THE EXPERIMENT: A "mother solution" of Al(OH);
and excess NaOH was first prepared. Various
amounts of that solution were dispensed into four
tubes. 0.26 g. of IDA was added to each tube and
enough NaOH was added to bring free [OH™] to

a common value. Then 0.82 g. of NaNO3 was added
to each tube and the volumes adjusted to 4 cc.
The tubes were then thermostated at 95 C and the
hydrogen generation rates measured after one and
two hours.

. (Free OH = [total OH] - 2 [IDA] - [Al(OH)3])

CONCLUSION

Aluminum plays no part in Hy generation from IDA

G.17




TEMPERATURE EFFECT EXPERIMENT -

prepare large volume of 4.08 M NaNOp, 4.86 M OH™, 0.65 M IDA™2

place 4.72 g. into small tube put 34.6 g.

TIME(hrs)
OQS
1.5

23
24

—

Hbinto a large tube

insert condenser/stopper &

‘thermostat at 95°C thermostat at 66°C

periodically determine accumulated Hp &
calculate response current

<
ua (95°C) ua (66°C) Eg(Kcal/mole)
4.24 1.86 24.1
(alr sparged)
4.38 2.16 23.1
1.83 1.10 21.4
(M5 sparged)
1.49 0.87 21.7
4.48 1.92 24.3
(alr sparged)
4.84 2.25 - 23.6
ZX/6 = 23.0 Kcal/mole

1

rate 95°C/rate 56°C(SY 101's temp.) 41:1



[OH] vs Response/mole IDA
4.3 M nitrite, 2.4 M nitrate

2500

2000- .........................

1500- ..........................

‘1000- ..........................

ua/mole of IDA in tube

) S |
o o5 1 15 2 25 3 35
Hydroxide Conec. M

THE EXPERIMENT: A "mother" solution containing IDa,
excess NaOH, and NaNO, was ''cooked" to > 240 C to
simulate long-term reaction at 50-60 C. Then water
was added along with enough HNO3 to neutralize the
"free OH". The solution was split among four tubes
and various amounts of NaOH added. The tubes were
sparged with N5, & thermostatted at 95 C. The plot
depicts hydrogen response vs [OH™] at 24 hours .

CONCLUSIONS:
1. Rate is very low below 1 M free OH™

2. Rate prop. to [OH - '"threshold level"]

o)
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Low Level Hydroxide Experiment
IDA=0.59 M, NO2-=4.3 M (after 24 hours)

L
I'$) ]

N

o O
i
i

N
O
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Microamps Response
T
\\

~,
.

0‘5_ ; | _; l“/ ,/ D

e 4 |

0. Qb BBz T e :

0o 02 04 06 08 10 12 14 16 18
Hydroxide Concentration, Molar

THE EXPERIMENT: A "mother'" solution containing IDA,
sufficient NaOH to neutralize it, and NaNO- was
rrepared. The solution was divided into five tubes
and various amounts of NaOH added. After diluting to

a common volume (4 cc) the tubes were sparged with
N5, & thermostatted at 95 C. The plot

depicts hydrogen response vs [OH] at 24 hours

CONCLUSIONS:

l. rate is very low below 1 M free OH

2. OH” '"'threshold level" is about 0.9 M

G.20
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DILUTION EXPERIMENT

PREPARE A '"MOTHER SOLUTION" WITH
0.43 M IDA™2, 4.29 M OH™, & 5.69 M nitrite

PLACE EQUAL VOLUMES (2.1 cc) INTO
EACH OF TWO TUBES

INCUBATE at 95°C, MEASURE ACCUMULATED Hj
& CALCULATE AVERAGE 1

3.1 ua 3.0 ua
add 1.3 cc HyO (TV=3.4 cc)

INCUBATE BOTH AT 95°C
MEASURE Hp, & CALC. i

1.69 ua 0.38 ua

REINCUBATE & REMEASURE i's

1.67‘{1a 0.36 ua
CALCULATIONS

DILUTION FACTOR = 2.1,3.4 = 0.617
.224 (.38/1.69) & .216 (.36/1.67)

RATIOS OF OBSERVED RATES

ASSUMING RATEm k1[ORG][OX][OH - 0.9]
WE'D PREDICT A RATIO OF
(.617) (.617) (.617*4.29-0.9)/(4.29-0.9)= 0.196

DILUTION "ORDER"
[dilution]® = [ratio of reaction rates]

solve for "n" ... get 3.09 & 3.19

G.21
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Mechanistic Elucidation of Chemistry in Tank 101-SY

Georgia Institute of Technology

February 7-8, 1991

Professors: Gene Ashby
Kent Barefield
Charles Liotta

Henry Neumann
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General Approach (E.C. Ashby)

What is Important, But is Not Known?

1. Accurate rates of reactions
2. Accurate analysis of crust during and after reaction

3. Accurate analysis of gases under various conditions
4. Determination of origin of H, and N,O (°H and "N labeling)

5. Analysis of organic products, gases and H,/N,O formed during the reaction unde
various conditions

6. Effect of radiolysis and calalysis

H.2




Descrepencies in Prior Art

1. Agnew - 15% of total gases come from organic compounds in 101-SY

Delegard - half life (t 1/2) of organic reactions is 100 hours.

2. Delegard - Na AIO2 necessary for gas evolution
Siemer - Na AlO, not necessary for gas evolution

3. Results from 101-SY NZO/H2 =0.75

9

Hart - NJH, = 11.7

2
4. Delegard - EDTA (thermal rx) does not produce gases

Hart - EDTA (radiolytic rx.) produces H, and N,O
5. Previous reports - H,, N,O, NH, are the products gases

N,O
Neumann - N, and G\Xare produced in 1:1 ratio

H.3



Studies Involving:

(1) Rates of formation of Organic Products:

O

I _ OH
HOCHy —— C - O ———

Air

Air,NO,~

Air, NO 3~

OH
——

Air. NO _, NaAlO

3

(2) Concentration and stoichiometric studies

(3) Reactions carried out thermally and radiolytically

(4) Analysis of crust at various times during and after the reactions

H.4
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KINETICS STUDIES

DR. CHARLES LIOTTA

Initial Kinetic studies to establish integrity of apparatus, concentration of

solutions and rates of reaction involving gas evolution.,

H.7
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COMPONENTS OF GAS KINETICS

TRIAL A38
COMPOUND MW, (M] GRAMS
HEDTA 278.96 0.35 9.76
EDTA2Na2H,0 39823 017  6.77
NaOH 40.00 4.88 19.52
Na,0AL,O,;8H,0  217.99 1,14 24,74
NaNO, 69.00 355 24.50
NaNO, 84.99 3.89 33.06
Na,CO, 105,99 0.31 3.29

100mL distilled water

H.9



“RIAL A4 38

AR ATMOSFHERE

MOT LORRELTED

DE PRI 08 Tirmp

Time (hours) mL gas oil bath °C hood °C | baromettic
press mm
Hg

0 10 122 26 737
0.25 28.1 90 26 737
0.50 45.0 107 26 737
0.75 60.8 118 26 737
1 721 117 26 737
1.25 80.2 120 26 737
1.75 96 124 26 737
17.5 107 120 26.5 733
24 108.7 122 28 733
28 1101 123 26.5 733
41,5 108 119 25 744
48 107.4 119 25.5 744
65.5 107.7 118 26 750
72 107.6 117 26 750
89 108.9 121 26

95 115.4 122 26

101 119.5 122 27

116.5 122.5 123 26

124 124.4 122 27

137.5 124.9 121 25 745
140.5 125.8 122 25.5 745
149 125.3 120 27 745
lbl 125.5 12| 25
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Getermination of Reaction Progress and Products by NMR

Dr. Kent Barefield

By NMR can determine:

(1) rate of product formation

(2) nature of the product

(3) hydrogen exchange phenomena

H.12




Exploratory 'H and 1*C NMR Studies on a Simulated Waste Mixture
Objective:

To examine 'H spectra in D,0 to avoid interference due to H,O and to check for exchange of
HEDTA C-H with soivent.

To examine feasibility of using }*C for studies of HEDTA decomposition.

Conclusions:

Exchange of carboxymethyl group hydrogens with solvent is complete in less than 24 h at 120°

Exchange of other protons is not detectable up to 168 h.

Between 24 and 48 h a new resonance appears in the 'H spectrum at 8 8.3; new resonances are
also detectable at 6 2.4 and 8 2.8.

At 168 h the above proton resonances are more intense and a new '3C resonance is detectable at
0 180.4 in addition to those at 6 180.6 and & 180.8 due to HEDTA due to the carboxyl groups.
New, unassigned, resonances at 8 45.5 and 6 54.6 are also present.

Implications:

Deuterium labeling of carboxymethyl groups may not be useful in exploring sources of gaseous
hydrogen.

NMR should be a useful technique for in situ monitoring of the degradation of HEDTA,
particularly of 13C labeled materials.

H.13



'H NMR spectra at 48 h and 168 h

Solvent - D,O

9T T e

-

1 (residual) / ‘
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"H NMR spectrum (D,0) of HEDTA in basic solution
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. 3C NMR spectra of HEDTA in simulated tank mixture
{ at48 hand 168 h

I 168 h
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185 64 60 56 ‘
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# Solution Inorganic Chemistry
Thermochemistry

(Dr. Henry Neumann)

Analyses using data from the Delegard, Agnew and Hart reports

H.17




Slurries of Delegard Compositions

(1) Compositions of the solid phase (or phases) and of the solution not
certain. May vary with order of putting reagents together.

(2) Solution is saturated with at least one of NaNO,, NaNO,, and Na,CO,;
or any two; or all three.

(3) For systematic study of kinetics, must begin with homogeneous solutions.

H.18




Principle oxidizing agent Is NO,

Reduced product could be NO,, NO,, N,O, or N, but NO, and NO, are
most commonly observed. |n simple mechanisms,1 electron reducing
agents give NO,, 2 electron reducing agents give NO,

When NO, is formed it would only exist transiently.

H.19
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NO, Is known to undergo disproportionation In basic solution
20H" + 2NQ,, ----- >NO, +NO; +H,0

Reactions in Table | of Hart report provide a mechanism for this.

31- NO, + NO, -----> N,O, 4.6 x10°
32- N,O, ---> NO, + NO, 7.0x10°

27- H,0 + N,O, ~----> NO, + NO, + 2H* 1.1 x 10°

19- H' + OH ---->H,0 1.4 x 10"

H.20



In writing a net reaction to account for degradation of

~ acomplexing agent, It Is assumed that oxidation of

C'sisdueto NOG' ------ >NO,

Formation of N,O or N, is attributed to
reaction of amine nitrogens with NO,” or NO,

H.21



Estimate of Maximum heat generated

(Agnew Report)

EDTAY + 6NO," + 2NO, + 0, »-=-> 6 CO,” +4CO, + 4 H,0 + 3N, + 2H, + 2 N,O

AR =
™ 857.3 kcal(-3587 kJ)

put 24
"o
™o



« EDTA" + 140H + 17NOy > 2N,0 + 2H, + 1000, + 11 H,0 + 15 NO,

. | AH = -2857 kJ

EDTA" + 140H + 15NOS'€1 5@1 2N, + 2H, + 10 CO% + 11 H,0 + 13 NO,

de s s e i

AH = -3221 kJ

EDTAY + 140H + 19NO, -+-+> 2N,0 + 10C0, + 13H,0 + 17NO,

AH = -3227 kJ

EDTA" + 140H + 17NO, ---> 2N, + 10C0O,” + 13H,0 + 15NO,,

AH = -3591kJ

H.23




Conclusion: Estimate Is riot very senistive to the reactions chosen since
the major effect arlses because of oxidation of all C to CO,"

|t oxidation of C's is less extensive, aAH less negative. For example, if
02042' is product rather than COSZ', add + 1275 kJ to each of values above

(02042' was chosen since data were available to make the calculation)

Both this ahalysis of the thermal reaction and the results of the .
radiation chemistry, point to formation of NO,” and COBZ' and the

destruction of NO," in solution. Assuming that the solution In the tank in
1980 was either saturated (or close to saturation) in NaNO,, NaNO,, and
Na,CO,, the solids coming out of solution now are probably NaNO, and
Na,CO,. Itis possible that NaNO,, deposited at an earlier time, is now

dissolving.
C

A consideration related to crystallization of Na;jo3 from media

containing NO,:

Studies of incorporation of foreign ions into a forming crystal lattice
indicate that ions of the same size are frequently incorporated: The NO,

and COBZ' lons would be almost Identical in size and shape. Thus NO;

might occupy sites in the lattice normally occupied by 0032'. To maintain
electroneutrality, there would be an appropriate number of vacancies at

normal Na* sites. A crystal with such defects would have a lower density
than normal Na,CO,. Only a limited amount of these defects could occur

without distortion of the crystal lattice.

H.24



Comments on Mass Spectrometer Data for October 24, 1890, Gas Release
(Data from Preliminary Results, 241 -SY-101 Tank Venting, October 24,
1990; Presented by D. G. Baide)

Has anyone pointed out that the mass spectrometer data strongly
suggest that N,O and N, appear in the products in a 1:1 ratio?

In the following it is assumed that the sample being analyzed at any
time is a mixture of product gases and air of normal composition. It is
further assumed that O, is not a product gas. The ratio of N,/O, is 3.913 at

the first time measured (0625), and it then decreases to an average value
of 3.719 after 1200. The value of 3.719 is taken as characteristic of natural
air. Hence the difference between the measured ratio at some time and
3.719 is a measure of the amount of product N, in the mixture.

The table shows the ratios of product N,/O, and of N,O/O,at various
times. The conclusion is that N, and N,O are formed in equal amounts
within the accuracy of the data.

This is a surprising result, as one would have expected N, and N,O

to be formed by separate mechanistic paths. Some constant ratio would
have been expected for product N/N,O if they are formed by separate

mechanistic paths, but that the ratio would be 1:1 by coincidence is
extremely unlikely. The results suggest that NZOAare formed along a single

mechanistic path. amc N,

s there some other explanation for these observations?

H.25



|
‘Time No/0, (product NZ)/OZ
0625 3.913 0.194
0636 3.893 0.174
0647 3.853 0.134
0658 3.814 0.095
0720 3.793 0.074
0735 3.809 0.090
0750 3.762 0.043
0810 3.773 0.054
0830 3.770 0.051
0852 3.784 0.065
0912 3.748 0.029
0932 3.761 0.042
0952 3.748 0.029
1012 3.739 0.020
1042 3.739 0.020
1132 3.745 0.026
1232 3.718
1332 3.712
1431 3.732 Average = 3.719
2001 3.714
0449 3.719

H.26
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.199
172
.146
127
.095
.076
.061
.047
.039
.032
.027
.022
.019
.015
.013
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OBSERVED RESULTS FROM RADIOLYSIS IN AN SRS WASTE TANK
' ' (DATA TAKEN IN 1974)
| NED E. BIBLER

SOLUTE CHANGES:
NITRITE INCREASES, NITRATE DECREASES
GAS EVOLUTION:
EXPERMENTAL MIXTURE:
N2 36.8% )
02 56.4% !
H2 7.5% . N
COMPOSITION AFTER AIR REMOVAL;
o2 86% "
H2 14%
O2H2 = 6.1
THIS IS REASONABLE FOR A 3-4 M NO3- SOLUTION

I.1
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“ARCONNE NATIONAL LABORATORY  phone: TORTN

. 9700 South Cass Avinue, Arqosat, llinols 60459 FAX Number: 708-972-4993

- February 11, 1991

Dr, Thomas H, Dunning, Jr.
Molecular Science Research Center
Battelle Pacific Northwest Laboratories
Richland, Washington 99352

Dear Tom:
Phil Horwitz requested that I send you copies of the transpurencies that 1 used in my short presen-
tation to the Tank Science Panel, These are enclosed here, Obviously, they were part of a presen-
tation, but if you need further clarifications, I will be happy to provide them to you. T found the
meeting enlightening,
With best regards,
Sincerely yours,
C
L e
Lo 38 /Z é(xz__:z_éj
Dan Meisel /

Chemistry Division

DM/b

encl,

;' Operared by The University of Chicago for The United Srates Departvient of Eneray
- J.1l



(y or B Radiation)
H20 >— e-aq i H'} H2 OH ; H202: Ht

H,0
eaq + NO3" - NO2 + 20H- (k=1.0x1010 M-15-1; in 2M nitrate 1 ~ 35 ps)

OH + NO3 - NO, + OH- (k-—-xl.()xl‘()lo M-1s-1; in 2M nitrite 1 = 35 ps)

Early Stages

o- e- (-AE; 20-30 eV)
O + ©- (+AB)
HY N H/ < H
therm.
OH ; H +
e 5q

_
g N

5000 A

o e



Consequences:

1. Fast (<10-12 )
‘ a. "Direct" Effects (>22% of the energy is absorbed by NO3™ at SM)
b, Precursors (presolvation) reactions (at 0.5M only 37% e- solvate)

c. High base, NO3", NO2", very important to minimize H generation

2. Inhomogeneous kinetics:
a. Local high concentrations

b. Competition between: recombination, diffusion and scavenging

Questions and Answers:

Q. Any Hj produced directly (Unscavengable) by radiolysis of water?
Important because it may be undvoxdable.
A. If any, g1, 0. 06

Q. Any H produced directly by radiolysis?
A. Definitly; At least with Gy = 0.65; but obviously scavengable, We
suspect this to be a major concern

Q. Any effect of organics?
A. H + RH-+ Hz + R* may be important in either homogeneous (>10-8 s)
or more probably "spur" competition.

J03
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Radiation Chemistry of NGy

€aq
PKg's NO
NoOo" <t~ NO-
*NO
Kyg's
NyO — NgOg~ ==
4NO + 20H" == N0 + 2NOp" + Hs0

J.4



Strategy:
v 1. What is known already
Yields; Rate constants; Early effects
) 2. Establish the facts on simulated wastes
a. Measure effect of organics on Hp and N20 yields (gas chromatogrphy
and mass spectrometry). Oxidizing eq. seem of interest only for or R
‘production,
b. Measure effects of temperature
c. Measure effects of high particulates concentrations
3. Model inhomogeneous kinetics of highly concentrated solutions (incl.

effects of: Precursors, Viscosity, lonic strength, Time dependence of k)

4. Offer and test remedies if possible.

J.5
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SUMMARY O RISO RESULTS

SOLUTIONS USED: 1.5%6M NaOM; 1.0M NaAloZ; 1.5M NaNO3; L.5M NaNOZ;
0.025M LBDTA; 0.025M Citric Acid.

In EDTA solutions G(HZ) = 0.0L3; G(N20) = ).15; G(Co2) = 1.87 (in the
absence of NaNozZ). 02,NZ, N20 and H202 were nol found in the
irradiated matrix.

The reacltion mechanism of Table I was run using CHEMSIMUL, Lhe Danish

computer program, on the matrix alone with G2y = 0.06. Some results

ara:
1?2 tu not consumed by reacbion 12.
GN2) forms wibth o yield G(H2) = 0.006.
G(=-NOF=-) = G(NO2-) = 1.57

Steady state concentrations of the transient species ave:

NO?2, NO, 02 B-69 - ®=-10 molar
NOJ3--; NOZ-- N203J; N204 E-14 "
O-,; e-acg; 02- E-18 - B-22 "

The BDTA and NOZ free radicals were identifled as trahaient species by

pulse radiolysis.
N?20O is 1/30th as soluble in the waste solution as in water.

Flowing an air-0% C02 mixture over the waste solution heated to 50 C.
produces a crust within 24 hours. B

Plowing moist COZ-lree air over the solution for days produced no
crust and no noticeable loss of water.

K.1
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G—f(‘oH; =29
G(E[-]) =4.76

G(H2)=0.06
G(11202)=0.54
G(H[+])=3.56
G(H20)=-8.74
G(NO2[-])=0.3
G(NO3[-])=-1.2
G(NO2)=0.9

NEW start concentrations

CON(I20)=40.28
CON(OH[-])=2.88
CON(H([+])=.505D-15
CON(NO3[-])=3.72
CON(NO2[-])=2.96
CON(B)=10.0

APPENDIX L

(Time in @seconds; Concentrations in moles/liter)

3

Total DOSCurrrrrmsirsesens = 5.66E+04 /2ges L¥ZA7
Radiation time per radiation....= 630E+07 2 v -
Date of computation:19-OCT-1990, 12:51:46
RESULT TABLE 244 A/ apelEgalin
TIME OH OH[] O[]  H20 E[]

19 %0 0.00E+00 0.00E+00 2.8SE+00 O0.00E+00 4.C3E+01  0.00E+00
vy 3A5E+07 0 7.21E-20 2.88E+00 2.50E-18  4.03E+01  9.26E-20
S0 0.30E+407  7.20E-20  2.88E+00 2.45E-18  4.02E+01  9.31E-20

RESULT TABLE
TIME H2 02[]  HO2[ 02 02[--]
¢ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
¢+ 3JI5E+07 1.75E-03 9.51E-23 3.15E-09 8.72E-11 1.39E-36
v 0.30E+07 3.47E-03 1.84E-22 3.15E-09 1.73E-10 1.35E-36
RESULT TABLE
TIME  O3[- H H202 H[+] O[]
s 0.00E+00  000E+00 0.00E+00 0.00E+00 3.64E-15 0.00E+00
v 3,15E+07  0.00E+00 139E-05 S.04E-12 2.54E-15 6.71E-19
. 0.30E+07 0.00E+00 S45E-05 S5.05E-12 2.54E-15 6.72E-19

K.2
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| E
Tolal DOSCoiivnmnerimminn = 5.66E~+ 04
. RESULT TABLLE
f | TIME ol OH[-] O[] 1120 (-]
‘ ‘ 0 0.00EH00 720020 2.88E+00 (245E-18  4.020+01  9.3113-20
peo 3ASE407  TA9E20  288E400  241E-18  4.02E+001  9.37(-20
o 6306407 TA8LE-20 2883400  238E-18  4.02E401 9421520
RESULT TABLE
TIME 12 02]-) 1102[) 02 02[-]
G 000E+00  3470L-03  1.84L-22  3.15L-09  1,73E-10  1.35L-36
oo 30S5E407 0 SA7E-03 0 2.680-22 3.6L-09  2.58E-10  1.30L-30
W 630E+07 084003 347122 3.17LE-09  341E-10  1.27L-36
RESULT TABLE
¢ TIME 03[-] 1 11202 H[+] O[]
Voo 0002400 0.00E+00 5451305  5.05B-12  2.54E-1S  6,72L-19
24 315E407  0.00E+00  1.21E-04  S5.06E-12  254B-1S  6.72L-19
(0 63012407 0.00LE-400  2.01113-04  S.07L-12  2.53LE-15  6,73L3-19
RESULT TABLE
TIME NO2[-] NO2 NO3[-] NO3[--] NO2{-]
v 00012400 3.06L+00 2.671-09 3.62E+00  $.13C-14  290L-14
(o RASLE407  3I1E+00  2.655-09  3.57E+00  8.07L-14 297114
fy o 630E+07  3.16E+400  264E-09 3.52E+00 8.01E-14  3.04E-14
' RESULT TABLE
TIML NO N204 N203 o) B
“e 0.00C+00  8.09E-10  6.38E-14  S48E-14  000E+00  9.97L+00
¥4 31513407  §.320-10  6.33E-14  5.61E-14  0.00E+00  9.9SE+00
) 63003407  8.54E-10  627L-14  S5.73C-14  0.00E+00  9.94E+00
RESULT TABLE
TIME P HEAT TEMP
, ws 000400 3.178-02  0.00C+00  3.00E+02
5% 3SE+07 476502 0.00E+00  3:00E+02
s 630LE+07  6.34E-02  0.00E+00  3.00E+02
&

13
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PHOTO I (UIDE VIEW)
PHOTO II (TOP VIEW)

Fige 7. Gudiuw Carbanabe Crust Formed on Waste-=Type Solutions

by Lhe FPluw wb an Ay =0% 20, Mixture, Chew buesl for
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- ANALYTZCAL CPEMISTRY LABOLATORY Puge 2 of 3
Report of Analytical Results
ACL Job. ®o. 91-0113-01 through -12

# 1 0 \ ¢ 3
o1y CA (6T § 11 YY)
» % % \*05{3 W‘{ Bbub
H, 3.21 & 0.05 32.5 + 0.3 1.36 & C.02
He 82.8 &+ 0.3 40.7 & 0.4 84.8 + 0.3
‘ H,0 0.014 + 0.007 3.8 & 0.4 0.04 + 0.01
N, 9.55 + 0.10 6.7 + 0.1 6.34 + 0.07
0, 2.10 + 0.02 16.0 + 0.2 7.28 + 0.C7
Ar 0.12 + 0.01 0.09 & 0.01 0.08 + 0.01
N,0 2,15 + 0.11 0.25 4 0.05 0.064 + 0.004
# 4 i 6 § 7
A/H 2772 @0y EPTA 32 Ay 383k %
H, 6.9 + 0.1 1.72 4 0.03 2.5 + 0.3 Tk
He 0.003 + 0.001 0.14 ¢+ 0.01 42.0 & 2.1
H,0 3.8 + 0.4 0.64 + 0.06 30-6—+—3+0
N, 73.7 + 0.7 66.4 + 0.7 13.7 £ 0,7 1’1
0, 14.5 & 0.2 16.9 &+ 0.2 10.9 + 0.5 15.1
Ar 0.90 + 0.02 0.78 &+ 0.01 0.16 + 0.02
N, 0 0.13 + 0.04 13.5 + 0.7 0.09 £ 0.03 &u'*%
i 8 9 4 10
e 115 HEDTA e N\ISEA 0,15 HEPTA
(497 422 eG4 Bz
H, 11.9 + 0.6 (s 5.3« 0.1 4.5 & 0.1
He 0.31 + 0.03 76.5 & 0.7 0.026 & 0.002
H,0 28.0 & 2.8 3.4 1 0.4 3.0 + 0.3
N, 14.1 + 0.7 14 7.3 ¢+ 0.1 58.9 + 0.6
0, 0.67 + 0.03 ¢.4% 0.92 + 0.02 12.8 & 0.2
Ar 0.05 £ 0.01 0.09 + 0.01 0.66 + 0.07
N,0 464.9 + 2.7 su+ 6.5 % 0.4 20.1 & 1.0
ALL SAMPLES SHOW H2 AND N20
A/4 (MATRIX); H2 MUCH GREATER THAN N20O
A/4'S LIBERATE 02 '
EDTA AND HEDTA; N20 MUCH GREATER THAN H2
.
HIGH He DILUTION IN 1, 23, 7, 9 AND 11
HIGH HZO IN 7 AND 8
. HIGH AIR IN 4, 6 AND 10

K.5
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DUMMARY Of ANDL MADS OPLECTROMETK ANALYSLD -
MAYRIK = 2,27 M NaAlOZ2; 3,49 M NaoOll;3.50 M NaNO2; 3,89 M NaNo3,
Thia wixture was hoterodgenous and was dilited by factors of 2 (M/2)
, and 4 (M/4),
i [FEATURE . DOSE  DENOITY HAGO GPLCTRA  OAS CHROMATOGRAPHY
‘;: I\'IRAD g/ce Y(H2) Y (H20) Y(1H2) Y(N20) .
i M/ 4tte300.6 LAM3 0,009 0,004 R
/4 2712 1,143 0,017 0.0003 0,012
M/4 4093 1,142 0,005 0,0006 »
M/210,175M4 CA 1670 1,294 0,03% 0,024 0,04
M/2¢0,1754 GA < 1669 1,287 0,045 0,050
M/210 005K BDTA 3122 1,204 0,0018 0,014
M/210, 115N HQUTA 3122 1,200 - 0,026 0,110 0.02 0.162
Yield (Y) In mlcroM/l. G(X) = 0,964 % Y(X)
GUMMARY OF ANL GAS CHROMATOGRAPHY ANALYSES
GOLUTION IN M/2 DOSGE DENSITY (N2) Y(N20)
00425 EDTA+0.0875 [HEDTA 15,1 1,285 0,044 0.30
" 3097 1.205 0.90
" 131.9 L.205 0,56
0,085EDTA+0. LT7SHEDTA 202.0 1.200 U;UUU
0,005 BOL'TA 131.9 1.284 1,09
0,175 HEDTA 131.9 1,206 0.30
NGO NaAlo2 2972 1,233 0.0016
EDTA+IHEDTA(conC) 305.0 1.301 0.099
" 1698 1,391 0,695
t
A
)
|
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WIEBRE DOBS P BXYRA HIYDROGEN COME FROMT
101-8Y RESULTS CHOW THAT TUE N20/H2 RATIO 19 AlOUT L.0.
CO-060 UAMMA RAYO CHOW AN N20/1i2 RATIO OF ALOUT 10.

AUGUAT DURP GHOWS A RATLIO OF 0.75 AT A OAS VOl OF 7000 CUBIC I'T.

7000 B CURNIC P BQUALS 64,0 CUDIC /DAY

ad) = 0,06 PROVIDES 13.3 "

W2 NEEDED POR 0,7% RATIO 42, " '
H2 UNACCOUNTED FOR 29.0 "

RADIATION PRODUCKD H2 HAUL I'WO SOURCES (1) SPUR AND (2) SCAVENGING OF
H=-ATOMS DY URUANIC MOLECULES,

THE MECHANTEM:

HPUR REACTTONG k(M-18-1)
i -=> 12 1.0 1B+10
o+ NO3- =-=-> NO2 + Ofl- 1.4 18t006
1+ HO2- --> NO  + O~ 1ol B0

If G(H2) = 0,06 for 3,0 M NaNO3, Lhen O(HH2) = 0,00012 for 3.0 M NaNO3
t 3.0 M NaNo2,

COHCLUGTON: G(I12) = 0,006 14 FAR TOO NIGH FPOR 101-0Y SOLUTIONG.

REACTIONS IN 0,1 H SCAVENGER K({M-1o=-1) C(H) a(ie)
W BDIA ~=> U2 6.0 EOY 0.,0020 0.000%
o+ 1IG00= ==> |12 2.1 B0 0.0096 0.030
I+ HPQd=~- == 112 2,0 109 0.004 0.250

CONCLUSTONT RADIATION 165 A MINOR SOURCE OF 112 IN EDTA GOLUTIONG
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THERMAL BTUDIES (26 HOURS AT 80 C)

GOLUTION vou(l) DENSITY microM N20 microM H20/h,
BDTA 4+ HEDVA (conc)  0.0145 1,391 126.5 4,07
M/2+ D 11D M OA 0,011 1,204 91, 3.53
M/2 4+ 0,175 H'CA 0.0;1 1,294 NONE -

BSTIHMATE O RATE AT 130 1 (54.4 C)

ABGUME AN ACTIVATION ENERGY OF 14400 CAL/MOLE.,  THEN THE HELATIVE KATE
(0C C/54.,4 C) = 0.2

TUEN PIHE BSTIMATED THERMAL RATE AT 130 1,18 0.2 X 4,07 = 0,975 wlcroM
N20/hr .,

ASSURE THAT THIS RADIATION RATE T4 INDEPENDENT OF THE TEHMPERATURE,

THEN THIE RADIATION RATE IN TANK 10L1-0Y = 0.695 X 3.2% KRAD/ht = 2,206
microd N20/hi,

FRACTION THBRMAL = 0,995/3,235 = 0,30 (J0%)

K.8
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REACITONS FORMING N20
1101 hWth WAGTED PRODUCE N2, N20 AND €02 win
GLU2Y = 0,32 O(N20) = 0,91 AND O(Cw2) = 3.64,
4
ADDLNG HH2NUZ GREATLY  (NCREASIE G(N20 AND (N2)
M2HA 4 HHO2 = H20 4 NI 120
N2I4 + 1202 ~=» N2 4 4 |120
FORMIC ACID DENTTRIFICATION OF WASTEY PRODUCES N20
HNOZ2 1 HEOON -=> HNO, + €02 + H20
HHG2 4+ HEoult ==y HOo 4 Heoo, + H2O
Mo, 1t Ho w=y N20 ol
PHERMAL REACTIONG OF NO
JKOI + 4NO  ~~> 2KNO2 + H20 + 1120
K2003 4 2H0 -=% K2804 1+ N20O
PULGE RADIODLYGIE REACTIOND
N20?2- -=% N20 + O~
N303- =y MN20 + NOZ=
NEW REACTIONS 1OR THE MECHANTOM OF TADLE I
k(M=18-1)
20 -=» (L + Qll
ot Ho==> H2 1,0 Blo
oy Ol == li-ar 2,0 EOY
Ol Ol ==> 1202 4.0 100
NO b 02 ==> No~ | 02 1,0 Klo
WO ENO- =2 N202- 2,5 109
N202- + NO -=~» NJUJI- 4,9 EO06
N202- =% N20 t O~ 3.5 W02
Niuld- “=> N20 b NO2~ 2,9 K02
14 BN ==> )12 + ELTA 6.0 LOY
NO 4+ BOLTA, ~-> BDTAIHO eant
LbYIAINO -~% N20 + probuctra LLOW
r
Tx
1 v
3
“ -
4
3
j K.9
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Mr. John L. Deichman,

Manager Waste Tank Safety Program
Westinghouse Hanford Company

PO Box 1970

Richland, WA

Dear John: ,
SUMMARY OF THE TANK WASTE SCIENCE PANEL MEETING

A meeting of the Tank Waste Science Panel was held in Denver, CO on February 7
& 8, 1991. The purpuse of the meet1ng was to discuss the Tatest results from
Tank 241-SY-101 and from the work that has been carried out both by the Panel
members and bi those funded to perform studies on the chemical and physical
mechanisms taking place in this tank. The purpose of this letter is to
provide a brief summary of this meeting; complete meeting minutes will follow.

The meeting started with the sad news that Dick Wallace from Savannah River
Laboratory had a massive heart attack on Januarﬁ 18, 1991. N. E. (Ned%
Bibler, who will be replacing Dick, indicated that the prognosis is not good.
Dick will be missed.

Some of the work that 1s summarized below has been carried out on the
investigator’s own time and with existin equiement. Contracts for the
studies at Argonne were just recently ?u in place and the contract for the
studies at Georgia Institute of Technology has yet to be completed. For both
the work at Argonne National Labs and at Georﬁ1a Institute of Technology the
process of negotiat1n% the statement of work has substant1a11{ delayed the
initiation of work, This issue {s the subject of a separate letter that will
be sent to Westinghouse Hanford Co. management.

Below are bulleted items from the meeting:

« There was a request from one of the Panel member for someone to provide
the charters of the other Panels/Task Forces/Committees that are
studying this issue and other issues and to provide a statement of where
the Tank Waste Science Pane] fits into the scheme.

« D. M, gDenis) Strachan presented the results of his attempts at
obtaining kinetic information from the waste level data that exist for
Tank 101-SY. His analysis suggests that the rate of gas evolution is
independent of the physical phenomena taking place in the tank. That
is, the %as production occurs all of the time and the burps are the
result of the physical phenomena taking place in the tank. Although a
more thorough analysis is needed, the data are consistent with the
hypothesis that the gas generation rate is a function of the cesium or
strontium decay. Also, the gas generation rate appears to be
independent of temperature between burps, independent of the hydrogen
and other gas pressures, and 1ndegendent of time between burps. A more
formal statistical treatment of the data will be undertaken.

Denis has also used the tank height data to provide consistency to the
model of the crust formation., In the proposed model, the crust is
partially formed by waste that is ejected onto the top of the crust
during a burp. This model is consistent with the gamma scans, the
pictures of the crust, the samples that have been obtained from the
crust, and the tank height measurements.

» D. S. (Don) Trent (PNL) presented the results from the numerical
L.1



calculation of the October 24, 1990 gas release event. The thermal
profile of the waste is similar to that observed, This simulation shows
that the process is random and that the flow of the hot waste does not
all occur up the side of the tank. ‘

W. J. (B111) Thompson $Wash1ngton State University) Eresented the
results from a study of synthetic crust Erovided to him by DL éDan)
Herting and DA (Dan Re%no1ds of WHC., The technique used was dynamic X-
ray diffraction in which the sample is held in a x-ray diffractometer
while it 1s heated, The heating rate is similar to that used in a
differential scanning calorimeter. Gas analyses can also be made,

Phase analysis is made at each temperature.

These results indicate that carbon dioxide is evolved at about 200 C in
“a nitrogen atmosphere and at about 300 C in air. Nitrogen dioxide and
NO are evolved at 300 C in nitrogen and 400 C in air, correlation
between the DSC data and the x-ray diffraction data is still in
progress.

Dan Herting (WHC, invited) presented the results from the chemical and
thermal analyses of the samples taken from the crust. This presentation
was the same as the ﬁresentat1on made in January 1991 before the High
Level Waste Tank Task Force and Technical Advisory Panel.

Dan ?resented the results from his gas generation studies. These
results indicate a four day induction period, the evolved gases are in
different ratios than observed in the tank ?ases, the reaction rate is
independent of the gases evolved, nitrogen is evolved, and ox%gen is
Sggﬁumed. His data are consistent with the data obtained by Delegard in

Dan Reynolds (WHC) presented data on the October 24, 1990 gas release
event. In his presentation, Dan discussed the ?amma scans, liquid Tevel
detection methods, the status of the waste level measurement systems,
the pressure and gas composition during the release event. He also
discussed the possibility of diluting the evolved gases by injecting
nitrogen at or near the tank bottom. The major engineering problem with
this method was delivery of the nitrogen.

D. D. (Duane) Siemer {WINCO% provided results from his studies on the
development of a Tow Tevel hydrogen sensor, During this development
effort, he discovered that hydrogen is evolved from stron?1{ alkaline
solutions containing organics. Concentrating on the initial stages of
the vreaction, he finds no dependence of the generation of hydrogen on
the concentration of aluminum, contrary to the results from Delegard.
He found that formaldehyde produces hydrogen in the absence of any
oxidant. This is the only organic he found that did so; an oxidant was
required for all of the other organics studied. The organ1cs he used
were selected based on the organics found in the Tank 107-AN waste by
Strachan in 1986. He also found the activation energy for hydrogen
generation from immidodiacetic acid éIDA) was the same as found by
De]e?ard who started with HEDTA and did not determine the organics
remaining in solution after the reaction.

Duane concluded from the organics he studied that the decomposition
reaction is first order in the concentrations of the oxidant, the
organic, and hydroxide above some threshold. E. C. (Gene) Ashby
(Georgia Institute of Technolo?y) suggested that these results were
quite important for the general field of organic chemistry and that the

L.2
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spin off studies will be of great interest to organic chemists.

Gene Ashby (Georgia Tech) presented the work that he and his coworkers
have done in the absence of a contract. As part of the work they will
be doing, they will need organic chemicals with deuterium substituted
for hydrogen. They found that several positions are easily exchanged
when these organics are in aqueous solution and, hence, no useful
information would result from attempting to 1sofop1ca1iﬂ label these
positions. They developed a synthetic waste solution that can be used
as a standard for the waste studies because it 1s a clear, homogeneous
solution, suitable for kinetic studies. The complexity of a slurry can
be incorporated later,

Gene also made some comments on the reactions that had been proposed by
Steve Agnew (LANL) and proposed new reactions that were more consistent
with the information currently available on Tank 101-SY.

Gene and his coworkers also lTooked carefully at the mass spectrometer
data from the October 24th event. These data clearly show that nitrogen
is being generated and that it is be1n? %enerated at the same molar
amounts as nitrous oxide. The probability of this happening by
coincidence 1s very low. The formation of nitrogen and nitrous oxide in
a one-to-one ratio suggests that these originate from a single
mechanistic path.

N. E. (Ned) Bibler (WSRS) talked about the radiochemistry work that has
been carried out at the Savannah River Site. From this work, it has
been demonstrated that the presence of organics dramatically affects the
Fage of destruction of nitrate and nitrite and the evolution of

ydrogen.

Dan Meisel (ANL, invited) described some of the theory behind the
radiolysis of solution containing high concentrations of nitrate,
nitrite, and hydroxide. He did not have results from work performed
under contract to WHC since this contract has only been in place for
about two weeks. According to the theory, most of the reactions take
place in small volumes of solution #spurss that are about 8 cubic
nanometres in volume and separated from each other by about 50
nanometres. Calculations suggest that 22% of the gamma energg is
absorbed by the nitrate ion. A series of reactions are possible that
yield all of the gases found in the gases released from Tank 101-SY.

E. J. (Ed) Hart (ANL, retired) discussed the work he performed at the
Riso National Laboratory of Denmark while a visiting scientist there.
His results indicate that the radiochemistry of typical waste solutions
generates more hydrogen than nitrous oxide in the absence of organics
an?dthat in the presence of organics, the major gas species is nitrous
oxide.

DAY TWO - FEBRUARY 8, 1991

There was a general discussion of core sampling. There is a general
consensus of the panel members that the core sample will not yield all
of the information that is needed to develop the phgsical mechanism.,
Therefore, there is a need for physical modeling - building and studying
small models of the tank and contents - in order to assure the
development of a mathematical model of the physical system that will
yield credible results and can be used to reliably determine the effect

PN
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Thompson will meet to develop a program based on physical models.

« The role of the Hanford Tank Waste Science Panel was expanded to include
the ferrocyanide tanks. There maK be a more logical organization of the
Science Panel, since not all of the current members of the Panel may
wish to deal with the ferrocyanide .issues because of expertise or
available time. Other issues are sure to follow making a new
organizational structure needed. T. H. (Thom) Dunning, Jr. asked the
Panel members to submit names of potential Panel members for the
ferrocyanide issues.

« L. G. (Larry) Morgan (PNL), Dan Reynolds (WHC), and L. L. (Lee) Burger
(PNL, 1invited) gave the background on the ferrocyanide issues. Dan gave
some of the process history and the possible contents of the tanks. Lee
presented the work that he has done on the chemistry and
characterization of simulated ferrocyanide wastes.

The Panel was requested by G. D. Johnson (WHC) in a letter to consider
three questions. The response to these questions is given below:

1% The Panel members determined that, based on Dan Herting’s results on
the recent samples obtained from Tank 101-SY, the potential for the
crust to burn is very low.

2) Although there is still some discussion as to which mechanism is the
dominant mechanism for the production of hydrogen, the Panel members
agreed that, at this stage of the studies, both thermochemical and
radiolytic mechanisms may be used to explain the generation of the gases
found in the gases vented from Tank 101-SY.

3) With respect to increasing the ventilation rate in the tank, the
Panel members concluded that the question was too complex to answer at
the present time and with the time allotted. The question is outside
the expertise of many of the Panel members. Appropriate Panel members
will review the Position Paper that will be written by WHC staff.

Robert Marusich (WHC) set a memo to Denis Strachan requesting assistance
on several questions to which he needed information for a safety
analysis. The response from the Panel members was that these 8uestions
are the same ones the Panel members had raised in June 1990 an

represent the scope of work for the Panel.

generation experiment would be useful if additional samples could
obtained while the tank farm crew was obtaining a cove sample. Th
response from the Panel members was to obtain all the sam? es possible.
There will not be enough sample from the core to obtain all of the
information needed. This extra sample is needed irrespective of whether
a gas generation exgeriment is performed. In fact, a gas generation
experiment may not be high on the priority list, but certainly is a
potential use for extra samples.

Through Larry Morgan, John Deichman (WHC) verbally requested if a gas
e
e

If you have any question concerning this material, $1ease contact me. Over -
the next two weeks, I will be writing the more compiete version of these
minutes.

Sincerely,

L.4
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Denis Strachan,
Executive Secretary
Tank Waste Science Panel

cc: Tank Waste Science Panel Members
S Agnew (LANLg
» LL Burger SPNL
R Gerton (DOE/RL)
DL Herting (WHC)
BM Johnson, Jr (PNL)
D Meisel (ANL)
GB Melinger (PNL)
LG Morgan (PNL)
JTA Roberts {PNL
J Tseng (DOE/HQ
H Walter (DOE/HQ)
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DRAFT
GL Borsheim
11/5/90

DESCRIPTION OF CESIUM-STRONTIUM SCAVENGING OPERATIONS

The T Plant and B Plant bismuth phosphate process did not recover uranium.
The extraction waste, called metal waste, containing the uranium and
approvimately 90% of the fission products was stored in underground waste
tanks. The first decontamination cycle (IC) waste, containing approximately
10% of the fission products was also stored in underground waste tanks.

In order to recover the valuable uranium from the metal waste, the U Plant,
built as a third bismuth phosphate plant but not used as such, was converted
to a solvent extraction uranium recovery (UR) plant. The metal waste solution
was sluiced from the underground tanks, acidified and transferred to the UR
plant. The UR plant waste was then returned to underground waste tanks.

The UR process (also called the TBP process since TBP [tributyl phosphate] was
the active solvent extractant) began production in November 1952. While the
process efficiently recovered uranium from the sluiced, acidified metal waste,
the process generated almost two gallons of waste to be stored for every
gallon of stored metal waste processed. Ways to reduce the volume of stored
waste were studied and resulted in the ferrocyanide scavenging process. (Note
that the 242-B and 242-T tank farm evaporators were placed in operation in
1951 to also reduce stored waste volumes.)

The objective of the ferrocyanide scavenging process was to remove the soluble
long-lived Cs-137 from the UR waste as a precipitate. The principal other
long-lived (approximate 28.5 year half life) fission product, Sr-90, was
already essentially insoluble in the neutralized UR waste. The process
consisted of adding Fe(CN)éw ion to the acid waste, adjusting the waste pH

to 9 +1 and then adding an equal molar amount of Ni*e
Cs,NiFe(CN), precipitate and/or carry the cesium down along with other nickel
ferrocyanide precipitates such as Ni,Fe(CN),. It was not, and still is not

ion to produce a
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known, what the major ferrocyanide precipitate was. Since the major metal ion
in the waste was sodium, the 1ikely major precipitate is Na,NiFe(CN),.

The ferrocyanide scavenging flowsheet was tested in U Plant in October 1953.
Both ferrocyanide (as K,Fe(CN),) and nickel (as NiSO,) were added to 0.005 M
in the treated waste. The treated waste (530,000 gallons) was routed to tank
T-101 for settling. Control of pH during the first half of the plant test was !
poor, so only approximately 1/2 (255,000 gallons) of the settled supernate was

cribbed in December 1953.¢V

Production scavenging of the UR recovery wastes began in late September 1954,
By this time there was a total of approximately 21.2 millon gallons of
unscavenged UR waste in the tank farms. (Approximately 13.1 million gallons
in 200E Area and approximately 7.9 million gallons in 200W Area.)®

The initial production flowsheet consisted of adding 0.005 M K, Fe(CN), to

the acid waste and 0.005 M NiSO, to the waste after pH adjustment to 9 tl.

In some campaigns the pH adjusted waste was partially concentrated before
adding the NiSO,.

Flowsheet changes made to the scavenging operation included:‘"

1. Replacing K,Fe(CN), with Na,Fe(CN), (April 18, 1955).

2. Testing and routine addition of Ca(NO;), (0.016M) to improve Sr
decontamination (April 21, 1955).

3. Testing and addition of Sr(NOy), (0.004M) to replace Ca(NOy), for Sr
decontamination as the Sr(NO,), was available (August 1955).

4. Testing and routine use of 0.0025 M Fe(CN),™ and Ni*? instead of
0.005 M (August 1955 test, November 1955 routine). «

5.  Added Na,HPO, to wastes that were low in PO,"? concentration to .
improve Sr-90 retention in soil (January 1956).

M.2
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The scavenged UR waste was routed to a receiver tank .in the BY Tank Farm in
200E Area (usually BY-106, 107, 108, or 110) al @ rate up to approximately
50,000 gallons per day. When the tank was Fu1?;”tgé waste stream was switched
to another receiver tank. The filled tank was allowed to setile for a minimum
of one week and was then sampled at several incremental depths and analyzed
for pH, Cs, Sr, total B, total « and PO,. If the Cs and Sr were within
limits, the tank was then pumped to a crib/trench via a floating suction pump.
Grab samples were taken frem the discharge line to the crib/trench for every
50,000 gallons cribbed (100,000 gallons after 6/55), composited and analyzed
for the above components plus several others. The pump discharge Jine had a
continuous gamma monitor mounted on it. The pump was to be shut off when a
sudden increase in the monitor signal indicated the tank sludge level had been
reached. The accumulated sludge in the receiver tanks was periodically
transferred to tanks BY-104 or 105. The expected sludge volume was 7-10% of
the treated supernate volume.

The UR wastes were scavenged throughout the remainder of the Metal Waste
Recovery program. The last scavenged waste from U Plant was received in the
200 East Area in June 1957.

Unscavenged UR waste already stored in 200E Area tanks before scavenging began
in U Plant were routed (beginning in May 1955) to the 244-CR vault for
scavenging. There the pH was adjusted with HNO; and/or NaOH to pH 9 tl and
Fe(CN);“ and Ni*® ion added (generally to 0.005 M each). If laboratory
analysis of the feed tank indicated additional Sr-90 deccntamination was
necessary, calcium nitrate was also added. The scavenged waste was then
routed to another tank for settling, sampling and decantation to a crib. Note
that this procedure probably left much of the original, alkaline-insoluble
solids (e.g., Fe(OH);) produced from neutralizing the UR waste in the original
UR waste storage tanks. The primary receiver tanks for this "in-farm
scavenged" waste were C-108, 109, 111, 112. The expected sludge volume from
the in-farm scavenging was 10% of the treated supernate volume. In-farm
scavenging was completed in December 1957.

M.3
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The original plans called for cribbing the scavenged supernate. However in
1956 it was found that Co-60 in the supernate would go to the groundwater and
exceed allowable limits. Considerable effort was expended trying to develop a
cobalt scavenging procedure while disposal to ground was held up. Eventually
it was decided to dispose the high Co-60 wastes to ground on a specific
retention basis (10/56). A Co-60 scavenging flowsheet was used on some in-
farm scavenging campaigns. This procedure involved adding Na,§ to 0.003M in
the waste after adjusting the pH to 8.5-9.2, and then proceeding with NiSQ,
and Na,Fe(CN), additions.

There were plans to do in-farm scavenging of the 200W Area UR waste also. A
project for chemical addition facilities at the 242-T evaporator and
laboratory studies were completed. However no in-farm scavenging in 200 West
area was performed. The reason may have been that conditions for cribbing
and/or specific retention disposal in the 200 West areas were not very
favorable. The height of the soil column (surface to groundwater) at the BC
crib site was approximately 340 feet which was much greater than under the 200
West or East areas. Examination of records for waste disposed to ground for
both 200E and 200W Areas do not snow ground disposal in 200W Area of scavenged
wastes other than those noted below.

The records for scavenged waste in 200W Area include the U Plant test in late
1953 where the treated supernate was routed to T-101, and in-plant scavenging
of first cycle T Plant supernates which were subsequently routed to TY tanks
101, 103, and 104. (A total of 6 batches, with a total of 2.93 million
gallons disposed to TY cribs.)

The T Plant test used 0.005 M K,Fe(CN), added to the acid waste, pH adjustment
to 9 t1, addition of NiSO, to 0.005 M. Coating waste was to be combined with
the scavenged waste either in the T Plant or underground waste tank. It was
planned to scavenge 750,000 gallons of first cycle wastes in the initial plant
test. Later information indicates that incorporation of the coating waste
into the IC scavenged waste gave poor decontamination so the two waste types
were segregated. Routine scavenging of T Plant IC wastes started on

December 31, 1954 and continued until T Plant was shut down in August 1956.

M.4
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The effective reduction in waste volume, as discharged from the building was

| approximately 88%. Note that the first cycle waste would contain Tess than

' . 10% of the fission product Cs-137 and Sr-90 that would be in the original
charge. The metal waste contained 90+% of the fission products.
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Recent plant-scales ascavenging and cribbing teats have conf'irmed

. ladoratory data which indicated that the cesium and strontium in TBP

wastes could be reduced by nickel rerrocyanido scavenging to coacentra-

s vhich permit discharge of the scavenged supernatant to cribs.

dosument & chemical flowsheet ia presented for usa as a design basls

fo¥ facilities which will permit scavanging of unconcentratod neutralized
956waste for tha TBP Plant.

BOO ARE QISCUSSION
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Waite Volume. Tha ccmbined wasts volume shown om the attached flov-
sheat hag besn calculated from the HW No. 6 TBP Flowaheet.

tha waite volume which might be azxpacted Lf flovaheef
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processe% 1 ene plant. Since the TBP Plant feed composition varies ¢on-
giderably from batch to batch the volume of waste produced from the plant
hag besen greater than the flowsheat velue. Past plant experience indlcates
that oribs and aludge storage facilities should be sized to handle volumes )
as much as 20% greater than the volumes shown on Figure L. If the B
facilities for vaste scavenging are available by April, 1954, approximately 5
3000 toms of uranium will remain to be processed in the TBP Plant. Con- .
sequently, 25 to 35 million gallona of nentralized-scavenged waste will be
discharged from the TBP Plant to the settling tanks. The bulk of this
wveste will be discharged to oribs. Approximately 2.5 to 3 milliom gallonu
of sludgs would be permanently stored.

Storage of Scavenged Waste. Aa is indicated on Figure 1, the sludge - s
from the scavenged waste contains at leaat half of the uranium®* and essentiall*’
all of the Sr and Cs originally present in the TEP wastes. 8ince 1t may . ¥
! be desirable in the futura to recover the uranium and/or the Ca and Sr "~
| from the sludge (preliminary laboratory feeaibility studles are currently in
% progress), tha tankege presently equipped with sludge removal facilities
should be used for the scavenged wastes. In addition, the number of
cascades used for storage should be kept low, so that eny future remcval.
operations would be confined to a few oascades. i

e
s

ety

ot

=

Fission Prouduct Concentrations. Althcugh tha major portion of the
uranium remaining to be processed through the TBP Flant is aged greater
~ than ocne year, this figure has been chosen as the calculation basis for
the flowsheet. In caloulating the fission product concentrations 1t was
assumed that the uranium wvas subjected to an integrated plle exposure of
600 MwD/ton and that the pile pover Level vas 2.2 Magawatta/ton.

g gt
SEisomageiny

Laboratory data have not been obtained which permit prediction of the a :
relative amounts of short-lived fission products in the supernate and .,*;
sludge. Although the concentrations of the short-half-life fission pro- It
ducts in the supernate are unimportant from a cribbing standpoint (these
fission products decay to a tolerable level before reaching the water
table.), they are important in designing the shlelding (surface or
buried lines) for the lines leading to the cribs. For the l-year-aged .y
vaste of the flowsheet, the gross gamma. cosgentiggion of tgg supernate .. %
could be as high as 2 curiea?éal with Rul an@\ﬁb all con- | “¥Gg
tributing apprcximatoly thowgamn amount’ tz{the ‘total.” jﬂng o {,y'wf.“

R TRy o ' '

8ludge Haating. Calculations have been made %o detormine the amount ﬂ

- of heat which will be avolved in the tanks containing the sludge from the .?v‘

scavenging operaticu. From the calculationa it is concluded that a tank '«‘g

full of sludge may be stored vithout boiling as long as the minimum age of !

the wvaste (time since pile dischargs) is two years. When the ags of the ‘

scavenged waste decreases belcw two years, the aludge should nct be

#) At pH 8.5 to 9 the supernate from vaste acavenging contains appromimately
0.15 g.0/1. With a 1% Plant loss, it {8 estimated that half the uranium 7;,
will be precipitated with the sludge. At higher TBP Plant uranium waate
losses a greater portion of the uranium originally present in the com- .
bined waste will be precipitated in the sludge. i




R R R T T N A e

Py

.
Sz bade:

T e "ongom e L R T I R TR T T R N TR [ R T I

i o Ba0d P
,GENEHALQ@ELECTHIC 53 i@tmé EB

alLovedots‘;JEumulatu in the firat tank of a cascada., Insatead, the aludge

and supernate should be discharged together into storage tanks where T
gattling may occur. When the waste has "cooled” sufficiently, the supernatant .
my be decanted and the tanka refilled with other waates, Thes amount of

viiste 0 be stored in this manper will be relatively small. If an avermge

Blamuth Phosphate processing rate of 15 tons/menth is agsumed from R
July 1, 1953, until July 1, 1955, the waste resulting from proceasing o

approximately 360 tons of uranium through the TBP Plant must ba temporarily {Aj
stored. If this wasts were atored as neutralised, umconcentrated scavenged ‘éﬁ’

vaste, approximmtely 3 million gallons of storsge space would be temporarily i

required. Only approximately 300,000 gallons of this space would ne evantuallywpw
required for permanert storage of the irom hydroxide and nicksl ferrocyanlde ﬁm
sludge after decantiing and cribbing the supernate. T

In arriving at the above conclumions regarding aludga heating, certain
safe-slde assumptions were made, as followa:

1. It was assumed that all tlle flssion products presgent in the THP
waste would be precipitated with the ferrocyanide slurry. Actually, ;g;
a good portion (probably greater than 50%) of the short-lived fission ﬂg%:
produots vill bo disehargad to cribn in the supernatant. ,, 1§
' R L

2. It vas assuped’ thu:t tha ulurry woum uettle to a final sludge stor=-
ages volume of appraximntaly 300 gal./ton of uranium processed througn
the TBP Plant,  'This settled volume is approximetely 40% of the
sludge volune nhovn on Figure Lo Althougn the flowsheset volume is

ing calculations to allov for compacting in the tank and to permit .
later flowshest changes which may reduce ths sludge volume (s&.g.,
yaubstitution of axalate fnr ircn in the RA Gclumn ) '
3 . ,lh v

3. It vas auaumod ﬁhat & 550 000 gallon vaata atoraga tank would be
£illed with sludge greatsr than two years old. It was asgumed the
sludge vill bs produced from the available wastes aged as cloas to i
2 yeara as poaaible. In actual plant -practices, preaumnbly wvagtes . ' bMWY

Olf X
vnxteu ugad appruximn iyuars_youlq,bqu4xodvv;tn older,sludgeq}‘*ﬁf
WL 2 Tt S ﬁ?ﬁ o Wf.'.«p* O R S I <
he It vas aaaumoa thnt heat” losses to the nd rrcm the 550,000 gal.'
tank would be apprazimatel: hO0,000 Btu . at tha periocd of peak '
- heat ovolutian, 'i:mbf, ‘. o

Bcavenging,or f&evioualx Stored TBP Hhaton The above discussicn applies ¥+
to the ascavenging of wasteas to be produced by the TBP Plant after the re- ‘
quired plant modifications are completed in March or April, 1954. As
storage volums is made &vailable by scavcnging current TBP wastes, the way
wvill be opened for scavenging «f the epproximately 18 miilion gallonas of
unscavenged nautrallzed concentrated waste already produced from LBP process-
ing of 3,300 tomns of uranium. (Of this 18 million gallona, approximately

8 million galloms will have been concentrated %o approximataly % million
gallons in ths lst cycle waste avaporation). A tentative method to bde used

‘-\

; -:' ::'g
A uw»‘ ’w‘)d‘{ %%E

L] ORI wioa le.v”\‘ . W ow e e
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comrany :
for scavenging of thess wastea

mining and waste acidification
Copper Ferrocyanide Scavenging

@;\
\

involving tha ues of the TRP tank farm
facilities wvans presented in HW-28TL5,
of TBP Wastes. 8ince uranium removal

operations will socn be completed in "C" and "U* Farms, dissolution

tacilities in thess farms could be used for treatment of the unacavenged

vestas. .
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FIGURES, FERROCYANIDE STUDY

L. L. Burger
February 8, 1991

S

g, 1 Typical conditions and probable precipitdtes.
ig. 2 Representative Reactions, Products andMmaximum energies.
- ig. 3 Enthalpy of formation, cyanides.

ig. 4 Explosive Data

ig. b5 LANL Tests for PNL.

ig. 6 Typical thermogravimetric analysis of reaction.

ig. 7 DSC, Air oxidation, (composition of sodium salt has not been
confirmed).

ig. 8 DSC, Comparison of oxidation with nitrate salt and with mixed
nitrate-nitrite  (Camnncitinn nf nickel salt has not been
confirmed)

“ig. 9 DSC of nickel salt after contact with diiute waun. v°repared from

i colloidal precipitate).

'ig. 10 Effect of scan rate on DSC. Used for calculation of kinetic

parameters.

“ig. 11 Typical time-to-explosion test.
ig. 12 TTX plots of various mixtures. Dashed line is cesium nickel
ferrocyanide with 50/50 sodium nitrate/sodium nitrite. Line labeled
Cso, 5% EDTA is cesium nickel ferrocyanide with 5% EDTA added to
R nitrate-nitrite mix. Remaining data are for nickel ferrocyanide
(not yet analyzed). P&B is Pfaltz and Bauer commercial NigFe(CN)g.
“ig. 13 Comparison of ferro- and ferri-cyanides. Compounds have not yet
been confirmed. A1l nickel ferrocyanides are probably non-
stoichiometric. \ '
"ig. 14 Results of TTX tests. "'t at 360° is the time to explosion at 360°C.
“Tc'is the estimated critical explosion temperature for the sample
geometry used.
“ig. 15 Kinetic data from Figure 10. Methods of determination of Ey include
1) isothermal rate measurements at different temperatures,
2) From DSC by incremental AH measurements, from DSC runs at
I different scan rates by ASTM method or by Kissinger method. The
! latter was used here.
Y “ig. 16 Typical activation energies {nr explosive reactions.
‘ “ig. 17 Representation of thermal runaway conditions.
| “ig. 18  Experimental temperature in 5 mm tube containing explosive mix. The
time to explosion with the thermocouple in place is much lTonger than
seen from Fig. 14 due to heat loss through the thermocouple.
ig. 19 Log plot of TTX data using arbitrary temperature lag correction.
e« “ig. 20 Calcuiated dilution effects using heat capacity and transition data.
“ig. 21 Calculated energy required to heat 1 g of various substances,
“ig. 22 Dissociation and solubility data.
Fig. 23 Radiolysis showing one potential route to ferrocyanide destruction.
Fig. 24 Radiation yields and the <ffect of high pH on radiolytic products.
Fig. 25  Present PNL program.
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