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RECOVERY AND PURIFICATION OF
PLUTONIUM BY A VOLATILE FLUORIDE PROCESS

Production demonstration runs are being made with emphasis upon increasing the
duration of the runs. In a recent run, 22 kg of impure PuO2 was processed during a
continuous 3.5-day operating period. (DDS Endeavor No. 34)*

PILOT PLANT

FLUID-BED INCINERATION

A pilot-plant, fluid-bed incinerator, with in situ neutralization of HC1 produced by
decomposing polyvinyl chloride, has been operated using several parameters. Shallow
and deep beds of the sodium carbonate used for HC1 neutralization have been tested,
along with packed bed and fluidized bed oxidation catalyst afterburners. Various off-gas
cleaning methods were tried to remove dust and fly ash from the stream before the final
High Efficiency Particulate Air (HEPA) filters. Tests are being made on a single mixed
catalyst-Na2 CO3 fluid bed. (DDS Endeavor No. 33)

CHEMICAL TECHNOLOGY 8

PREPARATION OF NEPTUNIUM METAL DISKS FOR THE LIQUID
METAL FAST BREEDER REACTOR NEUTRON DOSIMETER PROGRAM

A multiple disk casting technique was used to prepare 30 neptunium metal disks for
use in a Liquid Metal Fast Breeder Reactor neutron dosimeter program. The disks
were 0.5-inch diameter by 0.006 to 0.007-inch thick and were prepared from a batch
of high purity NpOz. Ninety-eight percent of the neptunium material was recovered
from the casting residues as purified oxide. (Special Order)
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A new cation exchange process using dilute oxalic and citric acid elutriants has been

under evaluation for replacing the present multistage ion exchange process. The
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americium recovery efficiency. (DDS Endeavor No. 35)
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R. D. Forest

STAFF PROJECTS
Robert D. Forest

THERMODYNAMIC INVESTIGATION
F. L. Oetting

The high temperature enthalpy of PuN had not

been determined experimentally prior to this

investigation. Consequently, it is impossible to
compare data, but comparison with enthalpy data

reported on UN indicate the two nitrides have

similar behavior.

High Temperature Enthalpy of
Plutonium Mononitride

The high temperature enthalpy of plutonium
mononitride has been determined by using a

copper-block calorimeter of the isoperibol type.
Experimental data cover the temperature range

from 450 to 1560 K. The plutonium nitride was

prepared at Oak Ridge National ]Laboratory by

initially hydriding plutonium metal followed by

a reaction with nitrogen. Final Chemical analysis

indicated this sample to be virtually all PuN with

0.5% of UN and 0.5% AmN contaminating the

sample. The lattice parameter for this sample was

4.909 +0.010 ), which was in agreement with

stoichiometric plutonium mononitride.

Preliminary curve fitting techniques indicate that

the following equation for the enthalpy and heat

capacity of PuN best expresses the 12 experimental
points in the temperature range from 298 to

1600 K.

H-- H98

and

Cp

--8132.3 + 22.5697T
0.009582T2 + 3.676

X 10-6 T3 + 6.4326
X 10s T-1 cal/mole.

22.5697 0.019164T
+ 11.028X 10-6T2

6.4326 X 10sT-2 cal/K mole.

The High Temperature Enthalpy
of Plutonium Sesquicarbide

The high temperature enthalpy of plutonium
sesquicarbide was determined in similar fashion
to that of plutonium mononitride. Experimental
data cover the temperature range from 400 to
1500 K. The sample was prepared at Los Alamos
Scientific Laboratory by arc melting proper
amounts of the elements to form the sesquicarbide.
Chemical analysis indicated the sample to be pure

Pu C3. Microstructural analysis indicated the
material to be single phase with no detectable
second phase.

Preliminary curve fitting techniques indicated the
following equation for the enthalpy and heat
capacity of Puz C3 best expresses the 13 experi-
mental points in the temperature range 298 to
1500 K.

H1. H98 --12934 + 36.0266T
0.005515T + 3.5557 10-6T

+ 7.718 X 10ST-1 cal/mole.

and

36.0266 0.01103T + 10.6671
X 10-6T2 --7.718 X 10ST-cal/K mole.

^n,,nn mmam,, ,^tnL,t,
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As with PuN, there has been no previous data on
the high temperature enthalpy of Pu2 Ca, but by
comparison with enthalpy data on the uranium
counterpart, U2 C3 ,z the behavior is similar.

potentially more attractive for commercial synthesis
of nitride for reactor fuel use.

References
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LOW TEMPERATURE PREPARATION OF
PLUTONIUM AND URANIUM NITRIDES

J. M. Cleveland and R. J. Sironen

Work has continued on the low-temperature
precipitation of PuN and/or UN by reaction of
liquid anhydrous ammonia solutions of PuI3 (or
UI4) and sodium. Most runs were in the 200 to
500 mg range, but one experiment produced over
2.5 grams of product. Analysis of a number of
preparations indicates the presence of about 10
percent of an unidentified impurity. It should be
feasible to identify and avoid this impurity, but
to do so would require more control over condi-
tions than present equipment allows.

Perhaps the most significant accomplishment is in
the method of preparing the PuI3 starting com-
pound. Originally, it was prepared by reaction of
HgI2 with plutonium hydride (which in turn was
made by the reaction of hydrogen with plutonium
at room temperature), but this procedure suffers
from the requirement of plutonium metal and
relatively expensive and toxic HgIz. An improved
preparation has been developed involving a reaction
of PuO2 with CC14 to produce PuCla, which is then
reacted with NHq I to produce PuIa. With this

preparative method, which does not require
plutonium metal, the overall process should be

PLUTONIUM BEHAVIOR IN THE
SOIL/WATER ENVIRONMENT

F. J. Miner and P. A. Glover

Work relating to the measurement of plutonium
sorption by soils has been continued. Quantitative
information about the equilibrium sorption of
plutonium was reported in the previous Semiannual
Progress Report. An additional objective of the
work has been to determine if there are any

specific chemical or physical characteristics of the
soils that significantly influence the sorption of
plutonium. To determine this, those chemical

and physical characteristics of the soils that
could reasonably be expected to influence
plutonium sorption were measured. Those
characteristics and the sorption data were then
evaluated statistically to determine if there were

any significant relationships between sorption and
those characteristics.

Using multiple and stepwise regression procedures,
no statistically significant relationships could be
found between any of the individual physical and
chemical characteristics of the soil, per se, and the
sorption of plutonium. It was possible to identify

some statistically significant relationships by
grouping these individual characteristics to form
new, independent variables.

Grouping of independent variables was done by a

technique called principal component analysis, z

The new, independent variables that resulted
consist of a linear combination of the original

variables and have the form

for
Z al X + a X2 + + a9 X9

through 3

It was possible to form three new variables from the

original data, which were statistically significant.

In these new variables, X1 through X9 represent
original, independent variables as follows:
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XI cation exchange capacity, meq/100 g

X salts, mmhos/cm

X3 soluble carbonate, meq/l

X4 inorganic carbon, % CaCO3

Xs organic carbon, %

X6 pH

X7 sand, %

Xs silt, %

)(9 clay,%

The "a" coefficients for three new variables, ZI,
Z2, and Z3 have the following values:

X X X X Xs

ZI --0.482 ---0.109 --0.138 -0.190 0.137

Z2 -0.134 -0.368 -0.059 0.463 -0.547

Z3 -0.116 -0.588 -0.719 -0.053 0.119

X X7 X8 X9

Zl 0.018 0.528 -0.426 -0.470

Z2 0.555 -0.087 0.113 0.034

Z3 -0.297 -0.068 0.008 0.121

The relative absolute magnitude of the coefficients
indicates the relative importance of the original

variable (Xn) in the definition of the new variable Z.

Although it is premature to assign exact physical
definitions to the new variables (additional soils

need to be investigated), inspection indicates

certain patterns. In Z, for instance, the co-

efficients with the largest values (X, XT, Xs, and

X9 ) are associated with those physical and chemical
characteristics that can be related either directly or

indirectly to the ion exchange capability of the
soil. For Z2, the coefficients with the largest
values (X4, Xs, and X6 ) are associated with those
characteristics that can influence pH. For Z3,
the relationship is not so obvious, but the largest

coefficients (X2 and X3 ) appear related to co-

efficients that can influence plutonium species in

the soil/water system by complex ion formation
or polymerization.

Stepwise regression analysis was performed on the
new variables. A set of predictive equations was

obtained, one for each of the three plutonium
concentrations investigated.

Initial Pu
Concentration,

d/rain Equation

9,600 % Pu Sorbed 97.7 0.048 Z

Kd(m) 685 19.9 Zt

103,000 % Pu Sorbed 98.3 --0.032 Z
Kd(m) 1284 + 201.4 Z

972,000 % Pu Sorbed 96.5 0.076 Z
Kd(m) 2309 + 271.8 Za

Two measures of significance were applied to the
data. First was the t-test, which showed that the
equations and the relationships they represent are
statistically significant. The second involved calcu-
lated coefficients of determination (R2 ). These
coefficients indicate what part of the total variance

is explained by the equation. The closer the R
values are to 100%, the more certain it is that all
significant variables and all cause-effect relation-

ships have been identified. In practice, R: values
of 100% are never reached. Instead, values
usually fall in the 60 to 80% range. The values
of R calculated for the above equations are
summarized as follows.

Initial Pu
Concentration,

d/min Equation R

9,600 % Pu Sorbed 33%

Kd(m) 44%

103,000 % Pu Sorbed 23%

Kd(m) 29%

972,000 % Pu Sorbed 17%

Kd(m) 18%

Although the relationships expressed by the pre-
dictive equations are statistically significant, it is
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apparent from the Rz values that cause-effect
relationships and]or variables likely exist that
have not been identified. This points to the need
for additional experimental work based on results
that have been obtained thus far.

Of all three variables, only Zx (ion exchange
capability of the soil) had a significant effect on
the % Pu sorbed at all three levels of initial plu-
tonium concentration. This was not the case
with the Kd(m), however, where ZI, Z2, and Z3,
each in turn, was the significant variable at
increasing plutonium concentrations. The explana-
tion for this difference in the variables between %
Pu sorbed and Kd(m) is not understood at the
present time.
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PROCESS CHEMISTRY

J. D. Moseley

A sequence panel for remote operation of the tilt-
pour furnace in molten salt extraction and electro-
refining has been ordered. This sequence panel was
designed for the remote operation of the tilt-pour
furnace in the new Plutonium Recovery Facility,
Building 3 71.

AMERICIUM EXTRACTION

J. B. Knighton,.R. G. Auge,
J. W. Berry, and R. C. Franchini

At Rocky Flats, americium is removed from
plutonium by extraction into a molten salt. A two-
stage batch counter-current mode of extraction is
used.

Research and development work has been directed
to optimization of the extraction process. The
objective of this study is to use the minimum
amount of salt in separating americium from
plutonium. The interrelationship between the
salt-to-metal ratio and the MgC12 content of the
salt for specific removals of americium has been
determined.

Other Research and Development personnel are
working on recovery processes for the americium
and plutonium contained in the extraction salt.
After the recovery processes are defined, a pro-
duction demonstration will be made.

TILT-POUR FURNACE

J. B. Knighton, R. G. Auge,
J. W. Berry, and R. C. Franchini

A tilt-pour furnace especially adapted to the pro-
duction needs at Rocky Flats has been installed in

the Building 776 Chemical Operations molten salt
extraction area. The systems check out, and modifi-
cations are nearly completed.

NITROGEN OXIDE EMISSIONS

G. D. Lehmkuhl

Concern for maintaining good quality breathing air
prompted a study of nitrogen oxides (NOx) emis-
sions. Even though 90% of the NOx is produced by
natural biological sources, the 10% produced by
man-made sources causes pollution problems

I I#P Akin
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because man-made sources tend to concentrate
emissions in urban areas.

Rocky Flats sources were considered and com-

pared in a study by G. D. Lehmkuhl. Power and

steam generating boilers, vehicular traffic, and

processes using nitric acid are major NOx
emitters. No pollution problems from these

sources are anticipated.

RECOVERY AND PURIFICATION OF
PLUTONIUM BY A VOLATILE

FLUORIDE PROCESS

R. L. Standifer, R. O. Wing,

J. R. Sheets, and F. G. Meyer

The evaluation of a volatile fluoride production
prototype system for purification and recovery of

plutonium has continued. The prototype unit was

designed to convert impure plutonium oxide (PuO2)
and plutonium tetrafluoride (PuF4) to purified

PuF4.

PLUTONIUM PEROXIDE PRECIPITATION
AND CALCINATION STUDIES FOR THE

NEW PLUTONIUM RECOVERY
AND WASTE TREATMENT FACILITY

P. G. Hagan and F. J. Miner

Studies for the new Plutonium Recovery and Waste

Treatment Facility have led to a better understand-
ing of chemical and physical meclhanisms involved

in the plutonium peroxide precipitation process.

These studies included investigations of (1) initial

precipitate formation, (2) precipitate agglomeration,

(3) structural integrity through precipitate washing,

and (4) a comparative analysis of calcined precipi-

tate as a function of wash solution acidity. An
internal report is currently being prepared that

will include particle size distributions, precipitate

structure formation and degradation, and related

topics such as product filterability and plutonium

losses to the filtrate.

Results of these studies support existing parameters
for process operations in the new chemical recovery

facility being built at Rocky Flats. A recommenda-
tion that the precipitate be washed in 3N HNO3
has been added. Washing in acid solution prevents

precipitate degradation, and when the precipitate

is calcined, a more desirable fine crystalline

plutonium oxide is formed.

During the previous report periods, the major

effort had been directed toward solving problems

that prevented operation of this system on a

sustained production basis. During the current

period, the problems that occurred were relatively

minor, and emphasis was shifted to demonstration

runs of gradually increasing duration, with approxi-

mately 50 kg of impure PuO2 being processed.
During the final, most extensive run, 22 kg of

impure PuO was processed during a 3.5-day,

continuous operating period. Table summar-

izes the reduction yields attained and the major

TABLE 1. Reduction Yields and Impurities in Plu-

tonium Produced from Plutonium Tetrafluoride.

Impurities (ppm)

Button Reduction Total

No. Yield (%) Fe Ni AI Cu Si Zr Ta C Fe&Ni

37158 99.1 34 138 35 26 14 45 20 162 172

37159 99.1 26 108 25 15 30 45 10 244 134

37160 99.3 23 72 27 11 9 30 35 119 95

37161 99.1 33 95 50 12 15 30 40 138 128

37162 99.6 22 68 37 11 15 60 80 137 90

37163 99.4 22 67 45 11 10 15 50 98 89

Average 99.3 27 91 36 14 15 27 39 150 118
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cation impurities present in the plutonium metal
produced from PuF4 that was generated during
this run. With the exception of carbon, these
results compare favorably with plutonium pro-
duced from the aqueous process during the same
period. The carbon levels for both processes were
about the same. It is doubtful that the levels of
carbon contamination shown were present in the
product PuF4.

It is anticipated that operation of the prototype
will be further expanded, ultimately processing
most of the impure PuO2 and PuF4 normally puri-
fied in the aqueous production process. The
objectives for the volatile fluoride prototype for
the next report period are as follows:

Continue and expand demonstration runs
to demonstrate fluoride volatility as a
practical production process.

Provide a comparison of the process with
the present aqueous process in the following
areas:

(a) product quality

(b) operating cost

(c) radiation exposure

(d) waste generation

(e) internal recycle

Prepare operating procedures and provide
operator training to permit transfer of the
unit to the production group.
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PILOT PLANT

D. L. Ziegler

FLUID-BED INCINERATION
D. L. Ziegler, A. J. Johnson, L. J. Meile,

A. L. Johnston, E. L. Shamhart, and J. G. Avery

The pilot-plant, fluid-bed incinerator has been
operated with a noncontaminated waste mixture to
obtain process design information. During the
combustion of chloride-containing plastics, hydro-
gen chloride (HC1) is evolved. In this process,
combustion takes place in a bed of sodium
carbonate that is fluidized by a mixture of air-
nitrogen gas passing through the bed. The
efficiency of the HC1 reaction with sodium
carbonate bed material has been evaluated in
tests with a single, shallow (14-in. fluidized) bed,
a single, deep (50-in. fluidized) bed, and two
shallow beds in series. The flue gas is mixed with
additional air and is burned in a catalytic after-
burner. A packed bed and fluidized bed of
oxidiation catalyst have been tested for
afterburning. A system using a mixture of
oxidation catalyst and sodium carbonate in a
single, deep bed has also been tested. A cyclone
in the system provides the primary particulate
removal from the flue gas. Residential type,
electrostatic precipitators and sintered metal
filters have been evaluated for secondary dust
removal. Other dust collection devices have been
tested at the manufacturers’ facilities.

Incinerator Capacity

The capacity of the incinerator is normally about
15 lb/hr of mixed waste consisting of 45% polyvinyl
chloride, 27.5% polythylene, and 27.5% paper.
Most of the tests have been made using 16 to 32
mesh (Tyler series) size Na2 COa. A lower capacity
is obtained when finer bed material is used because

’r bU
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of decreased fluidizing velocity, thereby limiting

the heat removal capability.

Carbonate Utilization

The efficiency of chloride removal or reaction as a

function of the efficiency of sodium carbonate

usage has been evaluated in experiments on the

pilot plant equipment. Figure shows the results

of neutralization efficiency for experiments con-

ducted with continuous waste feed to a single bed

of Na=CO3. For these tests, fresh 16 to 32 mesh

size Na2 CO3 was continuously fed, and bed

material continuously discharged from the fluidized

bed. Essentially 100% efficiency of HC1 reaction

was obtained up to a level of about 26% Na2 CO3
utilization. Beyond this point of Naz CO3 utiliza-

tion, significant quantities of HC1 are released with

the flue gas.

Analysis, by X-ray microscopy, of the used bed

material indicates the particles are composed of a

dense shell of NaC1 surrounding a core of unreacted

Na= COa. This result led to experiments with

smaller mesh size Naz COa and the in situ grinding

of bed material. Preliminary results from these

tests indicate close to 100% HC1 reaction up to a

level of about 75% Na= COa utilization.
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FIGURE 1. HC1 Reaction Efficiency

for Continuously Operated Fluid Bed.
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Experiments with two beds of Na2 CO3 in series

did not improve the neutralization efficiency

compared to a single bed operation. Tests with

a deep bed of Na= CO3 did not show any significant

improvement in the HC1 reaction efficiency. This

result suggests rapid reaction of the HC1 after the

waste is introduced into the bed.

Flue Gas Afterburning

Tests have been made using a packed bed of oxida-

tion catalyst and a fluidized bed of oxidation

catalyst for afterburning of the flue gas. Effective

operation of the packed bed would require removal

of all fly ash from the flue gas prior to afterburning.

If the fly ash is not removed, dust collects in the

packed bed and causes channeling of the flue gas,

resulting in localized overheating and restriction of

the total gas flow. Sintered metal filters were

installed upstream of the afterburner to remove

the fly ash. The filters became plugged with con-

densing hydrocarbons or tars after about 8 hours

of operation.

Several tests have been made using 9 to 48 mesh
Grace 909 catalyst in a fluidized bed upstream of
the filters. This has eliminated any significant
concentration of unburned hydrocarbons that
have to pass through the filters. About 150 hours
of operation have been completed without any

evidence of filter plugging. The filters are cleaned
of dust by an air reverse flow system. After
removal of the dust, the pressure drop across the
filters returns to about 12-inch water gauge.

Presented in Table 2 are typical flue-gas composi-

tions for the fluidized bed and packed bed
afterburners.

Particulate Removal

The ash generated and the NaC1 produced from
reaction of HCI with Na2 CO will be removed
from the incinerator with the flue gas stream. A
cyclone collects about 70 to 90% of the dust. For
secondary collection, electrostatic precipitators
and sintered metal filters have been tested on the
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TABEE 2. Flue-Gas Compositions.

Packed Bed Fluidized Bed

Oxygen (%) 10.5 7.8

Carbon Dioxide (%) 8.3 8.3

Carbon Monoxide (ppm) 800 770

Total Hydrocarbons (ppm) 800 640

pilot plant. Preliminary results with the low
voltage, residential type precipitators indicate a

collection efficiency between 40 and 85%. The
sintered metal filters as described above have
performed satisfactorily. Impinger type collectors
and cleanable HEPA filters were tested at manu-
facturers’ facilities and found unsatisfactory for
this application.

Mixed Bed Operation

A fluidized bed of a catalyst and Na2 CO3 has been
tested to accomplish complete burning and HC1
reaction in a single bed. Using a mixture of 75%
catalyst and 25% Naz CO3 resulted in complete
combustion of the hydrocarbons and good removal
of the HC1. The unburned hydrocarbon content
of the flue gas was comparable to those presented
in Table 2. Using 40 to 100 mesh size Naz CO3
and jet grinding of the bed material produced
essentially 100% HC1 removal to a level of about

75% reaction of the bed material. The HC1 content
of the flue gas was below analytical detectable
limits. Complete material balance data are not
yet available for these experiments.
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CHEMICAL TECHNOLOGY

E. Ve/voda

PREPARATION OF NEPTUNIUM METAL DISKS
FOR TIIE LIQUID METAL FAST BREEDER

REACTOR NEUTRON DOSIMETER PROGRAM

W. V. Conner and D. L. Baaso

Disk Preparation

A special order was received from Oak Ridge

National Laboratory (ORNL) for preparation of
neptunium metal disks for.the Liquid Metal Fast
Breeder Reactor (LMFBR) neutron dosimeter
program. The order called for thirty 0.5-inch
diameter by 0.006 to 0.007-inch thick disks. The

source material for this project was high purity

NpOz that had been purified previously at Rocky
Flats for the Isotopes Pool at ORNL. A multiple
disk casting techniquez in which 10 metal disks

can be prepared in a single casting was used.

The 95-g batch of NpO2 source material was con-

verted to metal using hydrofluorination and bomb
reduction techniques. The metal button was recast
at 950 C into a feed ingot in preparation for the
disk castings. The disks were cast using the mold
design shown in Figure 2 and the procedure
described below.

Casting Procedure

A 21- to 24-g segment of the feed ingot was placed
in the melting section of the disk mold. The mold
was then placed in the induction coil of an induc-

tion heated vacuum casting furnace. The coil was

tilted at a 45 angle and a tantalum metal rod

placed in the upper portion of the mold’s melting

section. The vacuum chamber was then sealed
and evacuated. The mold was heated to between
820 and 850 C for a 10 to 12 minute period. The

induction coil and mold were then moved to a

vertical position, which allowed the tantalum
metal rod to drop onto the molten metal and
force the metal into the disk cavities. The mold
was allowed to cool under vacuum.
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The first two castings were carried out at 820 to

830 C. This temperature range was not high

enough as these castings produced, only five and

four disks, respectively. The temperature was

increased to an 840 to 850 C range for subsequent

castings, resulting in each casting producing 10

disks. A total of 39 disks were cast of which 30

were selected to fill the order. The average thick-

ness of the selected disks varied fi’om 0.0055 to

0.0067 inch with the thickness spread of individual

disks ranging between 0.0001 to 0.0005 inch.

Weights and dimensions of the individual disks are

presented in Table 3.

An additional requirement for disk preparation
was to maintain the same high purity as the NpO2
feed material. A sample of the central casting

sprue (see Figure 2) was analyzed for impurities
by spark source mass spectroscopy. Results of
this analysis and impurity analysis from the NpO2
feed are reported in Table 4. The feed oxide con-

tained 646 ppm of detectable impurities. The

FIGURE 2. Cross Section of Multiple Disk Mold.

"HERMOCOUPLE
WELL

CYLINDRICAL
MELTING SECTION

METAL
RESERVOIR

DISK
CAVITIES

CENTRAL
SPRUE

VENTS

GATES

rr |%,,,|0,i., ,a,or-. V’, -



RFP-2276-A

metal samples contained 692 ppm of detectable
impurities but if oxygen was excluded, the total
impurity level was reduced to 432 ppm.

The individual disks were placed in aluminum foil
packages in a specially designed shipping container
and shipped to ORNL for encapsulation in special
holders.

Residue Recovery

The neptunium disk preparation generated residues
that collectively contained 50 g of neptunium.
These residues consisted of burned casting skull
and a hydrochloric acid, neptunium leach solution.
Plutonium contamination increased from 0.03 to
21 ppm during the disk fabrication. These residues

TABLE 3. Weights and Dimen-
sions of Neptunium Metal Disks.

Disk Thickness (inch)
Disk No. Disk Weight (g) Min. Max. Average Spread

0.40685 0.0064 0.0068 0.0066 0.0004

2 0.40441 0.0061 0.0063 0.0062 0.0002

3 0.40585 0.0059 0.0061 0.0060 0.0002

4 0.40493 0.0057 0.0063 0.0059 0.0004

5 0.40358 0.0057 0.0060 0.0058 0.0003

6 0.40719 0.0065 0.0068 0.0066 0.0003

7 0.40714 0.0063 0.0067 0.0065 0.0004

8 0.40613 0.0061 0.0062 0.0062 0.0001

9 0.40503 0.0057 0.0060 0.0058 0.0003

10 0.40452 0.0062 0.0064 0.0061 0.0002

11 0.40611 0.0061 0.0063 0.0062 0.0002

12 0.40545 0.0059 0.0062 0.0060 0.0003

13 0.40614 0.0062 0.0063 0.0062 0.0001

14 0.40563 0.0060 0.0062 0.0061 0.0002

15 0.40998 0.0063 0.0067 0.0065 0.0004

16 0.40912 0.0062 0.0066 0.0064 0.0004

17 0.40178 0.0053 0.0057 0.0055 0.0004

18 0.40424 0.0056 0.0061 0.0058 0.0005

19 0.40510 0.0058 0.0061 0.0060 0.0003

20 0.40754 0.0061 0.0064 0.0062 0.0003

21 0.40643 0.0060 0.0064 0.0062 0.0004

22 0.40706 0.0063 0.0067 0.0065 0.0004

23 0.40853 0.0066 0.0068 0.0067 0.0002

24 0.40868 0.0063 0.0067 0.0065 0.0004

25 0.40796 0.0062 0.0067 0.0064 0.0005

26 0.40838 0.0063 0.0068 0.0066 0.0005

27 0.40372 0.0061 0.0063 0.0062 0.0002

28 0.40639 0.0061 0.0063 0.0062 0.0002

29 0.40408 0.0057 0.0063 0.0059 0.0004

30 0.40532 0.0057 0.0060 0.0058 0.0003

10

TABLE 4. Spark Source Mass
Spectrographic Impurity Analysis.

Concentration Concentration
in NpO Feed in Np Metal

Elementa (ppm) (ppm)

A1 16 28

C 300 190

Ca 28 23

C1 130

Cr 14

Cu 4

F 5 12

Fe 4 47

In 13 < 0.2

K 12 < 0.08

Mg 5 < 0.06

Mn < 6

N 7 N.A.b

Na 55 < 0.04

Ni < 70

O N.A.b 260

P 3 9

S < 0.06 2

Se 5 < 0.3

Si 25 21

Ta 15 4

Ti

W 4 <

Zn 0.4

Zr 3 3

TOTAL 649 692

almpurities not listed were not detected.

bN.A. (not analyzed).
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were processed to a purified oxide for return to

ORNL. Purification was accomplished using anion

exchange and oxalate precipitation techniques.

Neptunium was separated as a hydroxide from the

hydrochloric acid leach solution by the addition of

NaOH. The hydroxide precipitate and impure oxide

from the casting skull were dissolved by refluxing

in 15M HNO3 0.1M HF. Aluminum nitrate was

added to the dissolvent to complex the fluoride ion.

The feed solution was made 6.0M HNOa, 0.1M

N2 H4, and 0.1M Fe (NH2 SO3 )2 in: preparation

for anion exchange processing. Anion exchange

purification was accomplished using Dowex l-X2
nitrate-form resin packed in a 4-in. dia. by 12-in.

long glass column. The resin was conditioned with

two column volumes (C.V.) of 6M HNO3 0.5M

N H4 0.1M Fe (NH SO3 )z solution. The

adjusted neptunium feed solution was pumped
through the column at a mass loading rate of 10
mg Np/min/cm2 The neptunium loaded resin was

washed initially with 15 C.V. of the column con-

ditioning solution (2 ml/min/cm2 ) followed by 6
C.V. of 6.3M HNO3 (3 ml/min/cm2). The
neptunium was eluted from the resin with 0.35 M
HNO3 and precipitated from the eluate by the
addition of oxalic acid. The neptunium oxalate
precipitate was calcined at 700 to 750 C for 12
hours to form the final oxide recovery product.

Ninety-eight percent of the neptmqdum was

recovered in the purified oxide. The elemental
impurity content of the recovered oxide was 71
ppm. Concentrations of the actinide impurities
were Th 2 ppm, U 10 ppm, Pu 0.3 ppm
and Am <0. ppm.
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EVALUATION OF DEIONIZED
WATER PURIFICATION SYSTEM

D. L. Baaso and S. G. Proctor

Waste liquid is an increasing problem at Rocky
Flats because of the policy of retaining all liquid

process waste on-site. Part of the liquid process
waste originates from distillation of water for use
in the Analytical and Chemistry R & D Labora-
tories. Two laboratory water stills were checked
for distillation efficiency to determine the quantity
of waste liquid being generated. The waste cooling

and overflow water from these stills were found
to be 26 times greater than the volume of distilled

water produced, thereby gnerating an estimated
42,000 liters of liquid waste per year. To eliminate

this waste, deionization cartridges were evaluated
as an alternate method of producing pure water.
This method does not generate liquid waste. The

deionizing technique utilizes only the water passed
through the two mixed bed ion exchange cartridges.

When the resin beds are depleted, they are discarded

as solid waste. Two types of deionization cartridges,

Universal Model II and Research Model II, manu-
factured by the Illinois Water Treatment Company
were evaluated.

The Universal cartridge reportedly produces water
equivalent to single distilled water and the Research
cartridge produces water equivalent to triply dis-
tilled water. Both cartridges were filled with cation

and anion exchange resin with the resin beads being
dye marked to indicate when the resin was

depleted. The cartridge test apparatus consisted
of an Universal cartridge connected in series
ahead of a Research cartridge. Installation of
the cartridges in this manner achieves maximum
cartridge efficiency and longevity.

The cartridge test apparatus was connected to a

plant potable water supply with a pressure reducing
valve installed ahead of the ion exchange cartridges.
The water flow rate through the system was 38
liters per hour. Effluent water samples were taken
at the beginning of the test and after the cartridges

were 30%, 65%, and 100% depleted. All samples
were taken at the secondary research cartridge out-
let. A cartridge was considered 100% depleted when
the resin color-change reached a premarked line 3

11
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TABLE 5. Water Sample Results

Specific
Conductance

(micromho/cm)

Plant Potable Water 161

Deionized Water Start of Test 0.83

Deionized Water Resin 30% Depleted 0.61

Deionized Water Resin 65% Depleted 0.62

Deionized Water Resin 100% Depleted 0.67

Distilled Water, Chemistry R & D Laboratory 1.4

Distilled Water, Chemical Processing Area 0.95

Distilled Water, Plutonium Analytical Laboratory 1.0

Distilled Water, General Analytical Laboratory 1.9

inches from the bottom of the cartridge. The
plant’s incoming potable water plus water distilled
from other sources in the plant were sampled for
the purpose of comparison.

Water from the deionization cartridges was of
comparable quality to the plant distilled water but
was produced at a lower unit cost and without any
liquid waste. Water quality was measured by
specific conductance and reported in micromho/cm.
A specific conductance of one micromho/cm is
produced by about 0.5 ppm of a dissolved salt. In
all cases, the deionized water had a lower specific
conductance, thus higher purity, than the plant
distilled water. These data are reported in Table 5.
The depletion rate study showed both cartridges
depleted simultaneously with 1,230 liters of pure
water being produced before depletion occurred.
Elimination of the need to process waste liquid
resulted in a cost of $0.03 per liter for deionized
water compared to $1.32 per liter for distilled
water.

AMERICIUM PROCESS DEVELOPMENT
S. G. Proctor

Rocky Flats’ present americium (241 An]) recovery
and purification process is a multistage ion exchange

process utilizing ammonium thiocynate as a com-
plexing agent for americium. This process, while
effectively purifying americium, generates large
volumes of waste solutions (77 /g of Am) and has
a marginal americium recovery efficiency (62%). A
new process is being developed to improve the
americium recovery rate and reduce waste solution
generation.

Feed to the americium line was initially character-
ized to evaluate impurity content. The evaluation
was accomplished by evaporating americium-rich
ion column effluent and analyzing the evaporated
solution for impurities. The major impurities were
calcium, iron, lead, magnesium, potassium, silica,
and plutonium. Successive oxalate precipitations
using oxalic acid were then performed to determine
the rare earth concentrations in the feed material.
No rare earth elements were detected in the result-
ing Am02, which precluded their consideration
in formulating potential americium purification
schemes.

The processing scheme being developed utilizes a

cation exchange technique in which cations in the
feed stream are absorbed onto cation exchange
resin. Lab scale studies have shown that iron,
nickel, cobalt, and plutonium can be effectively
(>99%) removed from the cation resin with a
0.1M oxalic acid wash with minimal americium
losses (<0.1%). Aluminum is partially separated
with the oxalic acid wash (60% removed). The
americium is then eluted using a 0.2M citric acid
(pH 3) wash. The americium is precipitated
directly from this solution using oxalic acid.
Americium oxalate is then calcined to an AmO2
product. The americium content of the oxide
product has averaged 0.85 g 24 Am per gram of
oxide. Decontamination factors for the major
impurities are shown in Table 6. The alkali and
alkaline earth elements (Na, K, Mg, and Ca)
remain absorbed on the cation resin during the
citric acid elution and are subsequently removed
with the resin reconditioning step. Preliminary
data indicate a 60% reduction in liquid wastes and
a 97% americium recovery efficiency.

Additional evaluation runs are planned toward
optimizing the process and obtaining necessary data
to plan and carry out large-scale demonstration

12
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TABLE 6. Impurity Decontamination Factors.

Concentration Concentratic,n

in feed in AmO Product Decontamination

Impurity (g[g Am)* (g/g Am)* Factor

Pu 0.082 0.000630 131

Mg 3.53 0.000500 7058

Fe 0.975 0.000100 9750

AI 1.29 0.001000 1294

K 8.25 0.001000 8250

Na 3.25 0.001000 3250

*Concentrations shown are grams of impurity per gram of
americium.

TABLE 7. Experimental Column

Parameters and Breakthrough Results.

Resin Bed Pu Conc. Comparison of

diameter by length Flow Rate in Feed Computed to Observed

(cm) (1/hr) (m) Breakthrougha

15 64 180 0.039 20% low

15 64 48 0.064 10% low

15 64 15 0.020 20%1ow

15 64 10 0.064 5% high

2.3 80 0.6 0.044 10% low

aBreakthrough defined as the pointwhere plutonium concentration

in the ion column effluent is ~80% of the plutonium concentration

in the feed.

runs. Experimental tests are also in progress to
determine the compatibility of new process chemi-

cals with existing waste treatment procedures.

COMPUTERIZED MODEL OF ION
EXCHANGE COLUMN PERFORMANCE

J. D. Navratil, L. Kirkby,
S. G. Proctor, and R. G. Leebl

Theoretical approaches for anion exchange
processing of plutonium are being explored via a
computerized mathematical model. The model is

designed to investigate column performance and
predict breakthrough capacities for given plutonium
solutions using various performance-determining
parameters such as column dimensions, flow rate,
nitric acid concentrations, and temperature.

The computer program, designed for an IBM-360
computer, is an adaptation of a code written by
Cooper and James for processing plutonium with
Dowex l-X4 resin. The code uses the following

assumptions: a quadratic diffusion approximation,
plutonium and impurity diffusion coefficients vary
with plutonium concentration, film diffusion may
be corrected for by calculating a film thickness

based on Glueckauf’s empirical relation,2 and
impurity distribution coefficients are independent
of plutonium concentration. Calculations are on

an incremental basis.

A column is divided into many segments, and

calculations proceed from segment to segment

with the effluent from one segment being the

influent to the next, and so forth. Calculations

are also "time-staged" so column-loading curves

may be generated. Results include the material

balance versus time (column volumes fed) for

the plutonium and up to four impurities, in

addition to concentration versus time data for

plutonium and impurities in the column (liquid

and resin) and in the column effluent stream.

Quantitative verification of the computerized model

has been carried out experimentally. Breakthrough

curves have been constructed from five column

experiments and have been compared to computed
curves. Preliminary results, shown in Table 7,
indicate the James-Cooper model is satisfactory for

prediction of column breakthrough.

Refinement of experimental data is planned to

include determination of resin capacity for anions

and the rate of plutonium uptake. Prediction of
impurity removal during loading and washing cycles
will also be investigated.

13
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system will be installed and evaluated when the
equipment is received.
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REUSE OF ANION EXCHANGE RESIN FOR
PLUTONIUM RECOVERY OPERATIONS

W. V. Conner

A study, initiated to determine if spent Dowex
l-X4 nitrate form anion exchange resin can be
rejuvenated, has continued. Recent work has
involved the design of a production prototype
resin cleaning system and verifying the results of
previous resin cleaning tests.

Resin cleaning tests have been conducted using
samples of resin from the Chemical Operations
residue recovery ion column system. This resin had
been in use for six to eight months in the third
column of a three-column system. Solutions gener-
ated by leaching various plutonium-beating residues
are passed through the first two columns in the
system before they reach the third column, which
acts as a backup.

This resin did not contain as much foreign material
as samples previously processed. The new spent
resin samples contained to 3 10-4 g of Pu/g of
resin as compared to 10-z g of Pu/g of resin in
previous samples. In addition, the total foreign
material in the new samples has varied from 0.1 to

g/l of resin compared to 30 to 40 g/1 of resin in
previous samples. The resin cleaning runs that have
been made using the new resin samples have yielded
resin recoveries of 94 to 96 percent.

A production prototype of the resin cleaning system
has been designed using standard glass pipe. This

DETERMINATION OF PLUTONIUM
SPECIES IN SPENT LATHE COOLANT OIL

J. D. Navratil

A research program has continued to determine the
chemical and physical nature of plutonium in lathe
coolant oil and to develop appropriate methods to
remove plutonium from the oil. The plutonium-
contaminated lathe coolant oil, with its carbon
tetrachloride diluent, is generated by plutonium
machining areas. Each month, spent lathe coolant
oil is filtered (3#m) and stored in two tanks. After
appropriate analyses have been obtained, the oil
is shipped to the Waste Treatment Facility for
disposal.

Oil samples have been taken over a period of several
months from the storage tanks and characterized
by chemical analysis. Plutonium decontamination
experiments have also been carried out to determine
whether plutonium in the lathe coolant oil is
present as a suspension or as an oil-or-water soluble
species.

Characterization and decontamination results are
shown in Table 8. The samples were analyzed
radiometrically for plutonium. In most cases, the
plutonium concentration did not decrease signifi-
cantly by filtering with 0.1- or 0.01-/am Millipore(R)
filters when compared relatively to 0.8-/am filtering.

After storage over anhydrous calcium sulfate for
six days and subsequent filtering through 0.01-/am

14
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filters, the alpha count was near the background
of our radiometric counting equipraent.

These results agree with earlier observations and

assumptions that particulate and soluble plutonium

species are present in oil-CC14 mixtures. The per-

cent of nonfilterable plutonium sh,3wn in Table 8

varies over a wide range and no correlation was

found with the chemical analyses performed. No
method for determining water content below

1,000 ppm was available. Treatment of the April

V-30 oil sample with dehydrating agents (2,2-

dimethoxypropane and triethylorthoformate)
reduced the plutonium concentrations to 9.0
X 10-s and 13 X 10-s g/l, respectively. Use of
these agents to remove water present in the oil

is apparently not sufficient to remove all soluble
species as compared to the calcium sulfate
dehydrating treatment.

Characterization of the spent oil will continue

toward developing appropriate plutonium removal

and cleanup systems that may permit reuse of the

oil.

TABLE 8. Characterization of Lathe Coolant Oil and Results of Decontamination Experiments.

Description Results of Analysis

Sample Date & Tank Number: Sept. V-30 Sept. V-31 Oct. V-30 Oct. V-31 Jan. V-30 Jan. V-31 Apr. V-30 Apr. V-31

Untreated Oil Sample 886 116 157 143 57 31 60 46

(10 g/l):

Filtered 0.8-um Millipore(R) 164 35 71 63 1.2 3.6 31 12

(10 g/l):

Filtered 0.1-tm Millipore 144 23 78 62 1.8 3 40 11

(10 g/l):

Filtered 0.01-m Millipore 144 22 81 81 1.2 2.4 32 8.4

(10 g/l):

Stored over CaSO4, filtered 0.5 0.3 0.3 0.2 0.1 0.2 0.1 0.1

0.01-m (10 g/l):

Nonfilterable Pu (%)a:

Carbon Tetrachloride (%):

pH

Chloride (10 M):

Relative Oxidation
b

Observed Degradation
c

15 20 50 45 2 6

45 37 45 63 54 55

2.6 3.0 2.9 2.9 3.0 3.0

8.2 2.3 3.3 8.4 2.2 4.1

0.094 0.077 0.041 0.10 0.040 0.061

major major major major minor major

aConcentration of Pu after filtering divided by amount in original sample (approx.) multiplied by 100.

bMeasured as percent dibutyl sebacate by infrared spectroscopy.

CDetermined by relative changes in infrared spectra as compared to fresh oil.

50 15

59 68

3.4 2.7

4.8 6.3

0.020 0.042

minor major
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RECOVERY OF PLUTONIUM AND AMERICIUM
FROM PYROCHEMICAL ALLOYS

R. G. Leebl and T. B. Patterson

Rocky Flats has been routinely using a molten salt
extraction process to remove americium (241 Am)
from site-return plutonium metal. The extraction
process is based on extracting americium into a
molten chloride-based salt mixture. The salt
mixture is then processed by aqueous chemistry
to recover the plutonium and americium. To
eliminate the aqueous chemistry processing,
pyrochemical methods are under development
whereby the plutonium and americium are
removed by scrubbing the salt mixture with a
Mg-90 wt % Zn alloy or by reducing the plutonium
and americium to metals with calcium. Procedures
for recovering plutonium and americium from
the scrub alloy and the reduced metal button are
under evaluation.

Scrub Alloy Processing

The scrub alloy received for recovery had a nominal
composition of 70 wt % Zn, 7 wt % Mg, 20 wt %
Pu and 3 wt % Am. The objective of the processing
was to dissolve the scrub alloy to provide a com-
patible nitric acid feed solution to the plutonium-
americium recovery line. A special dissolving
system was designed and installed to carry out the
dissolution. The equipment layout is shown in
Figure 3.

For corrosion protection, the 5-inch diameter
vessels were fabricated from Teflon(R) while associ-
ated piping was constructed from Kynal. Hydro-
gen detectors were also incorporated into the
system to monitor the hydrogen evolution during
dissolution. The scrub alloy buttons have been
dissolved using 4M HNO3 0.2M HF at a dis-
solution rate of 1.5 kg per eight hour shift.

FIGURE 3. Magnesium-Zinc Alloy Dissolution.
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Dissolution of the alloy was practically complete

as only a negligible heel remained.

Reduced Metal Button Processing

The metal buttons were burned to an oxide form

prior to processing for plutonium-americium
recovery. Again, the objective of the processing

was to provide a compatible nitric acid feed solution

to the plutonium-americium recovery line. Mag-
nesium and calcium concentrations of the oxide

ranged from 0.6 wt % to 5.0 wt % and 0.6 wt % to

10 wt %, respectively. The plutonium and amer-

icium content of the oxide material averaged 56.2
wt % and 2.4 wt %, respectively.

Thirty-eight batches of oxide were processed using

8M HNO3 0.05M HF as the dissolvent. A four-

liter stainless steel dissolver vessel fitted with a

stirrer and reflux condenser was employed for the

dissolution operation. The total oxide charge

weight was 7,804 g with a plutonium content of

4,389 g and an americium content of 184 g. The

dissolution efficiency averaged 80 percent for a

solid-to-liquid ratio of 125 g of oxide to one

liter of dissolvent. Process heels were dissolved in

12.5M HNO3 0.05M HF with a dissolution

efficiency of 87 percent. The lower acidity dis-

solvent was used with the virgin oxide to control

vigorous dissolving reaction and to provide a

nitrate feed solution with an acidity (7M H+)
acceptable for anion exchange processing.

eluting parameters for removing plutonium from

ion exchange resins used for secondary plutonium

recovery. The feasibility of using solvent extraction

systems for reducing americium-241 and plutonium

in process waste streams is also under study.

Evaluation of Dowex MSA-1 Anion Resin

A new anion resin has been evaluated for use in the

secondary plutonium recovery system. The new

resin, Dowex MSA-1, is a high porosity anion resin

with a 6% divinylbenzene crosslinkage and is used
extensively by Savannah River Laboratory (SRL).
Test results show the distribution coefficient of

MSA-1 resin is similar to Dowex l-X4 (i.e. 3000)
and the elution characteristics to be better. The
overall performance of the Dowex MSA-I resin

was not sufficiently superior to Dowex l-X4 to
justify further investigation or employment.

Resin Recycle in the Secondary Recovery System

One problem with the secondary recovery of
plutonium using anion exchange resin is reuse of
the resin after it has been completely loaded with
plutonium. An experiment was conducted to
determine if the Dowex l-X4 resin, currently being

evaluated for the secondary plutonium recovery

system in the new plutonium recovery facility, can

be reused following standard plutonium elution

procedures.

SECONDARY PLUTONIUM
RECOVERY DEVELOPMENT

S. G. Proctor and J. D. Navratil

Secondary recovery of plutonium from acid waste
solutions is being pursued in an effort to reduce
the loss of plutonium to the Waste Treatment
Facility. Present efforts involve the testing of new
ion exchange resins for use in the Secondary
Recovery lon Exchange (SRIE) program. Experi-
mental work is also being carried out to evaluate

A column (2-cm dia. by 80-cm high) containing

Dowex l-X4 resin was loaded with plutonium to

breakthrough conditions and was subsequently
eluted using 0.35M HNO3. The ion column was

then reconditioned with 7.2M HNO3 in prepara-
tion for loading the next batch of plutonium feed.

The plutonium concentration in this feed solution
was 0.084 g/l, which has consistently been reduced
to 6 X 10-s g/1 Pu using the SRIE process. In this

situation, where the resin had been previously
saturated with plutonium, the ion column effluent
was reduced to only 3.6 X 10-3 g/1 Pu. This level
of plutonium decontamination is insufficient to
meet the minimum requirements of the new

plutonium recovery facility. New methods of
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elution and new anion resins are under study for
improving plutonium decontamination to permit
reuse of the anion exchange resin in the SRIE
process.

Solvent Extraction System

The use of dibutyl phosphate (HDBP) as an
extractant has been under study. Removal of
plutonium and americium from evaporated ion
column effluent (EICE) has been under investiga-
tion. The EICE was treated with ferrous sulfamate
and sodium nitrite for valence adjustment and an
excess of aluminum nitrate for anion complexing.
EICE (100 ml) was contacted three times with
fresh 50-ml batches of HDBP. The experiment
was repeated, and the average Pu and Am concen-
tration in the EICE was 2.7 10-s and 7.7 10-6

g/l, respectively. The untreated EICE contained 2.3
10 .4 g/1 Pu and 2.4 10-a g/1 Am in 7M HNOa.

The unique property of HDBP is that it extracts
ionic plutonium, plutonium polymer, and amer-
icium whereas anion exchange resin sorbs only
ionic plutonium. The drawback of HDBP was
solid formation during the first and second
organic contacts with the EICE. Metal salts of
DBP were formed with the major impurities in
the EICE. The white precipitate filtered from
the organic phase was analyzed. The major impuri-
ties were A1, Ca, Fe, and Zn wtfile the plutonium
concentration was 8.5 10-6 g/g before washing
the precipitate. Further exmination of this system
as a combination procedure for removing plutonium,
americium, and some of the major solutes will
continue.

HYDRIDING OF
MASSIVE PLUTONIUM METAL

J. Benallo and R. E. Giebel

Impure plutonium metal in the form of electro-
refining feed billets (2,600 to 2,900 g) were

scheduled to be returned to the aqueous plutonium
recovery stream for purification. The normal feed
to the recovery stream is oxide material. Burning

of the massive plutonium billets to an acceptable
oxide feed would be time consuming and would
tax the burning equipment. Controlled hydriding
of the plutonium metal followed by oxidation of
the plutonium hydride to an oxide was investigated
as an alternate method to direct burning of the
metal.

A billet weighing 2,700 g was hydrided under
controlled conditions using the Prototype Hydride
Processing System. The hydriding reaction was
terminated part way through the hydriding opera-
tion to remove excess hydride that was obstructing
the reaction from the metal surface. The resulting
plutonium hydride was converted to an oxide by
burning in a stream of air within a specially designed
oxidation vessel. The plutonium hydride was oxi-
dized in two equal batches and reburned to ensure
complete oxide conversion. The complete hydriding-
oxidizing-reburning cycle was accomplished in 19
hours. The hydriding, oxidizing, and reburning
operations were carried out in 4.5 hours, 11.5 hours
and 3.0 hours, respectively. This operational time
is about the same as required for a direct burning

operation at Rocky Flats.

DEVELOPMENT OF PNEUMATIC TRANSFER
SYSTEMS FOR NEW

PLUTONIUM RECOVERY FACILITY

D. A. Burton

Movement of materials in the new plutonium
recovery facility at Rocky Flats will be accom-
plished using pneumatic transfer systems. Since
there was a lack of meaningful engineering data
on the materials to be transferred, a study was
initiated to obtain required data. Information
obtained on the physical properties of these
materials, such as bulk density and angle of repose,
has been reported previously.’ The work currently
in progress concerns particle size distribution of
ball-milled incinerator ash and determination of
the saltation velocity of materials to be transferred.

Two types of synthetic incinerator ash prepared in
a rotary incinerator have been tested. The tests
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concerned ball-milling time required to reduce the

ash to less than 50 mesh, particle size analysis after

milling, and determination of saltation velocities.

The two ashes were Type I, which was a mixed ash

consisting of burned paper, PVC, arid polyethylene,

and Type II, which involved burned HEPA filters.

The ball mill used to conduct the test was a 10-inch

I.D. ceramic jar utilizing two grinding cylinders
with diameters of 0.375 and 0.750 inch and weigh-

ing 1,468 g and 2,352 g, respectively. An ash

residence time of 15 minutes was determined

sufficient to reduce 85% of the feed material to less

than 50 mesh. The remaining 15% consisted of

plastic char from Type ash and charred wood,

glasslike particles, and nails from Type II ash.

Table 9 shows a material balance fc,r a batch of
Type II ash. Table 10 shows the results of a

sieve analysis made on the two types of ash after

ball milling.

Particle size analyses were also carr!ied out by

chemical light microscopy (CLM) and by scanning

electron microscopy (SEM). The SEM photograph
(Figure 4) illustrates the tendency for the ash to

agglomerate. The CLM photograplq (Figure 5)
shows the degree of agglomeration and defines the

true size and shape of particles to be transferred.

Results of a CLM particle size analysis are reported

in Table 11.

Saltation velocity tests have been performed on

Type II ash to determine the velocities where

material will drop out of the con.veying air stream

in vertical and horizontal positions. The apparatus
used in these tests are illustrated in Figures 6 and 7.

The maximum test velocity for the two test systems

was 4,300 ft/min measured at the inlet (glass tubing

14-ram O.D.) to the system.

TABLE 9. Material Balance for

Grinding Operation Type II Ash.

Weight (g)

Starting material 6075

<50 mesh material 5200

>50 mesh material 839

Material Recovered 6039

Material lost 36

attributed to dusting

Reduction to <50 mesh

Recovety

Percent

85.6

99.4

FIGURE 4. Scanning Electron Microscopy (SEM) Photomicrograph of Mixed Ash. 520X.
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Tyler Sieve
Size (mesh)

TABLE 10. Sieve Analysis.

Type II Ash Type II
Type Ash (No. 1) (No. 2)
% Retained % Retained % Retained

50 5.9 1.5 2.7

60 14.9 11.9 11.9

80 9.4 6.4 7.7

100 6.0 5.8 7.0

120 16.8 11.0 11.8

170 7.3 4.4 6.7

200 5.5 1.4 2.8

230 11.4 9.5 9.0

325 22.8 48.1 40.4

The following observations were noted as air
velocity was decreased in the horizontal system.

Velocity
(ft/min) Observation

4300 No saltation.

2500 Material begins to coat on tubing walls.

1900 Some particles hesitate at entry point.

1700 Material begins to pile at entry point.

1500 Material starts to drop out and form
small piles downstream from point of
entry. Material will become resuspended
in the air stream if hit with a large
enough mass of moving material.

1300 Material forms large piles that will
not resuspend.

1100 Majority of material salted out.

The tube never completely salted closed but as the
saltation decreased the tube area at a given point
in the system, the air velocity increased. As the
material formed agglomerates and the air velocity
began to increase, the fine moving particles began
to erode the agglomerates. The following observa-
tions were noted as the air velocity was increased.

FIGURE 5. Chemical Light Microscopy (CLM) Photomicrograph of Mixed Ash. 100X.
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Velocity
(ft/min) Observation

900

1100

1500

1600

2000

3500

Some particles on surface of salted-out
material start to entrain.

Initial movement of material and
breaking up of agglomerates.

Next major movement of material.

Erosion of the leading edge of salted-

out material.

Entire mass of salted-out material

starts to re-entrain and move through

the system.

No material left on walls because of

scouring action of the smaller parti-

cles in the air stream.

In the vertical saltation test, air wlocity was

decreased to 500 ft/min before any material

would remain suspended in the air stream.

This material did not remain suspended long

because smaller particles passing by would erode

suspended particles to the point where the
suspended particles would be carried by the low
velocity air stream.

TABLE 11. Particle Size Analysis

by Chemical Light Microscopy.

Range in microns

< 1.45

1.45 2.9

2.9 5.8

5.8 11.6

11.6 29.0

29.0 58.0

58.0 145

>145

Type Asla
% Distribution

Type II Ash
% Distribution

15.4 5.4

14.0 13.2

26.2 25.1

28.5 35.2

13.1 16.8

2.1 3.4

0.6 0.8

0.1 0.1

FIGURE 6. Horizontal Saltation Apparatus.

FEED
HOPPER

CYCLONE

DRAFT
GAUGE RECEIVER

F LTER

NEEDLE VALVE

TTMACUUM
SOURCE

21

llllmnmlAI | nnnm AIll I
1 I1MIm .



RFP-2276-A

TABLE 12. Particle Size Distribution of Cycline Material.

Particle size (m) % Distribution

< 1.45 30.3

1.45 2.9 13.2

2.9 4.5 22.0

4.5 8.7 14.8

8.7 11.6 13.8

11.6 14.5 4.1

>14.5 1.8

Particles collected in the cycline were analyzed
for size distribution by chemical light microscopy.
The particle size distribution results are reported
in Table 2.

References

R. D. Forest. Research and Ecology
Semiannual Progress Report, January-July
1973, Chemistry Research and Development.
Page 19. RFP-2102-A. Rocky Flats Division,
Dow Chemical U.S.A. August 13, 1973.
(DUO)

FIGURE 7. Vertical Saltation Apparatus.
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PREPARATION OF HIGH PURITY
PLUTONIUM DIOXIDE

R. E. Giebel

A novel preparation scheme was employed to
prepare a kilogram of high purity, low 24 Am,
stoichiometric plutonium dioxide for Chemical
Standards. The source material was PuF4 pre-
pared by a volatile fluoride process that was

consequently low in 241 Am content. The PuF4
was reduced to metal with calcium. The metal
was drip cast under vacuum to remove the calcium,
magnesium, and zinc. The resulting cast billet
was hydrided and the hydride oxidized to PuO2.

Analytical results on the final oxide product are
reported in Table 13. The plutonium assay on the
oxide was 0.875 g/g indicating a relatively pure
oxide product. The uranium content (300 ppm)
was attributed partly to contamination during the
hydride operation, which was carried out in a

glovebox where uranium is routinely handled,
and partly to its presence in a 100 to 200 ppm
range in the PuF4 source material.
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TABLE 13. Impurity Analysis of PuO2 Product.

Element Conc. (ppm) Element Conc. (ppm)

Ag <10 Mg 25

A1 14 Mn 3

Am 41 Mo < 3

Au < 5 Nb < 50

As <10 Ni 72

B 5 p <100

Ba < Pb < 3

Be <10 Sb < 3

Bi < 3 Si < 5

C 99 Sn 5

Ca < 3 Sr < 3

Cd < 5 Ta 20

Cr 4 Ti 5

Cu 40 U 300

Fe 6 V < 3

Ge < 3 W < 20

In < 3 Zn 25

K 3 Zr < 15

that time with no major problems. Chemistry

Instrumentation personnel have continued making

modifications to equipment, computer program-
ming, and operating procedures in an effort to
improve the operating performance of the system.

A computer program was written to perform assay

calculations on the Hewlett-Packard 2116-C Com-
puter for the North Drum Counter. Interim assay
calculations have been carried out by Chemistry
Instrumentation personnel to check the validity of
the diagnostics in the computer program. An
updated IBM 360 version of the program is being

prepared for production so assay values can be
obtained from a direct submission of counting
data.
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CHEMISTRY INSTRUMENTATION
D. R. Cartwright

NORTH DRUM COUNTER

R. N. Chanda, H. R. Martin,
R. A. Harlan, and J. L. Lawless

Operation of the North Drum Counter Ge(Li)
detector system was turned over to chemistry

recovery personnel in March 1974. Approxi-
mately 200 waste drums have been assayed since

EXPERIMENTAL GERMANIUM (LITHIUM)
PACKAGE COUNTER

H. R. Martin, J. L. Lawless,
R. A. Harlan, and R. N. Chanda

A Ge(Li) detector package counter was set up
for use in gallon-size package waste-standard
simulation studies and for evaluation prior to
installation of a production package counter.
The operating characteristics of this system were
also used to obtain additional information about
the North Drum Counter Ge(Li) system.

The system consisted of a 3% efficient Ge(Li)
detector positioned 24 inches from the edge of
the waste package and shielded by a 0.045-in.

thick Cd absorber. Calibration was accomplished
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by a least-squares fit of the 413 keV gamma-ray
intensity versus the 129/413 and 208/413 gamma-
ray ratios observed from Can and Helix package
standards. Data from several low matrices were
combined; however, the calibration curves are
based on a particular matrix environment.

Five different waste categories with a total of
35 waste packages were assayed using this system.
Calorimetric assay results from Mound Laboratory
and radiographs were available for all of the waste
packages. The radiographs revealed a number of
the packages contained chunks of high Z material.

Comparison of assay results revealed a consistently
low bias of about 12% in the Ge(Li) system, exclud-
ing four packages containing high Z material.
Similar results were also observed in the North Drum
Counter from five waste drums with package con-
tents that had been individually analyzed. A
correction was added to both assay systems pending
a satisfactory solution to this bias.

A discussion of one possible explanation for this
bias is included elsewhere in this report under the
heading ".Standardization of Ge(Li) Assay
Systems." Assay results with bias corrections
applied were compared with Helix counter results
on nine additional ash heel waste packages and
agreed within 2.2%.

Use of the 375 keV 239pu gamma ray in the
calculations was also investigated. Results
obtained using this gamma ray are similar to
those obtained using the 413 keV gamma ray,
and the use of both gamma rays essentially
doubles the counting statistics.

The Ge(Li) package system will continue being
evaluated and used for waste-standard studies. The
"best" calibration for the present system is based
on calorimetrically assayed waste packages.
Eventually all package counter calibrations will
be verified on a continual basis using the Rocky
Flats one-gallon Safeguards Calorimeter described
elsewhere in this report.

STANDARDIZATION OF GERMANIUM
(LITHIUM) ASSAY SYSTEMS
H. R. Martin, J. R. Geoffrey,

R. A. Harlan, and J. L. Lawless

Standardization of the Ge(Li) assay systems is
presently based on a least squares fit of the 413
keV gamma-ray intensity (gamma/sec/gram) versus
the 129/413 and 208/413 gamma-ray ratios.
Because of the random error in the intensity
ratios, the least squares model does not constitute
a rigorous statistical analysis.

To obtain more realistic estimates of limit of
error associated with the calibration curves, a
computer program was written for the statistical
analysis of the data. The program provides regres-
sion equations for the normal least squares case,
for least squares with error in both variables, and
for nonparametric statistics.

For standards data analyzed to date, assay values
calculated with the nonparametric equation differed
by less than 5% from those obtained using the
normal least squares equation. Confidence limits
obtained from the nonparametric case are about
twice as large as those from the normal least
squares analysis and appear more realistic.

Cylindrical source calculations simulating the
North Drum Counter have been carried out for
low Z (polyethylene), glass, light metal (iron),
and leaded glove matrices. Matrix weights were
varied from 0 to 70 kg for the first two categories
and from 40 to 110 kg for the second two cate-
gories. Plutonium values were varied from zero to
200 grams at each matrix weight. These calcula-
tions are being used as a guide in evaluating the
standard’s data.

Differences in plutonium self-absorption is one of
the factors causing larger variations in the standard’s
data. At 15 and 100 grams of plutonium, and at a
constant low Z matrix weight, cylindrical source
calculations reveal a difference of about 7% in the
effective 413 keV intensity based on the 129/413
ratio. Smaller differences are observed as the
atomic number of the matrix increases and for the
208/413 ratio.
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Some reduction in the variation of the standard’s
data for the 129/413 ratio has been achieved by

using an empirical correction. This correction is

derived from a comparison of the (129 + 208)/413
ratio in each individual standard 1o that in the
least absorbing standard available.

Study of techniques to account figr these plutonium
absorption differences is continuing.

STANDARDS AND WASTE COMPARISONS

H. R: Martin, R. A. Harlan,
J. L. Lawless, and R. N. Chanda

The success of nondestructive assay is dependent
on accurate simulation of the waste by calibration

standards. Data from four techniques have been
collected and studied to pinpoint problem areas.

The first method is a continuation of earlier work
on the gamma-ray ratio self indication technique

with Ge(Li) detectors. The second is X-radiography,
the third is supporting theoretical calculations,2

and the fourth is calorimetry by an independent
laboratory.

The first three techniques were applied to one-

gallon packaged standards and waste, and the last
to waste only. Radiographs for 2;5 waste packages
showed lumps of high atomic number material in
two categories of waste; namely,, pulverized
crucible and pulverized slag. These lumps also
resulted in atypical gamma-ray ratios. The lumps
are irregular discs in shape, being generally
<0.125-cm thick and ranging from 0.1 cm to
0.5 cm in diameter.

Biases in the counters because of this problem
were confirmed by calorimetry results. Work to
date on the intensity ratios for 129,208,375,
393, and 413 keV gamma rays slows promise as

a way to detect and correct for this problem in
the future. For packages, a program is underway
to collect sufficient data to apply bias corrections
in present counters.

The work has shown that some categories such as

virgin ash are well represented by standards.
Unfortunately, standards cannot always be made
to exactly simulate waste. As an example, it is

forbidden, for safety reasons, to put plutonium
metal in the counting standards. Thus, certain

standards used for measurement control may be

assigned effective values to account for these
unavoidable differences in construction.

The problem of standards in drum counters was

also studied. Certain classes of standards have
the plutonium packed in vials for safety or

economic reasons. In this case, calculations and
Ge(Li) data indicate that self-absorption in the
vials is of the order of 25% compared to

dispersed standards.

Appropriate action was taken in certain calibration
curves; e.g., leaded gloves, and consideration is

being given to stating an effective value for some
measurement control standards.

Data from waste counted in the North Drum
Counter are being compiled. These data will be
used to make final adjustments in the calibration
curves, which are known to be approximately
correct at this time for most waste. The efforts
described herein for calculations and Ge(Li)
counting began long before the current reporting

period. Rocky Flats will continue applying the
above techniques and any others needed to
continually improve the accuracy of assay results,
and match the standards as closely as possible to
the waste.
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GERMANIUM (LITHIUM)
ISOTOPIC ANALYSIS

H. R. Martin

Calorimetric assay systems at Rocky Flats
currently employ stream-average isotopic data to
determine heat contribution from each isotope
present. A study of eight plutonium metal buttons
was undertaken to compare stream averages,
destructive analyses, and Ge(Li) detector measure-
ments for 238 Pu, 241 Pu, and z4 Am.

Only two Ge(Li) detectors were available at the
time, and neither was well-suited for these isotopic
measurements. In addition, as was later discovered,
the characteristics of the buttons selected for this
study were not representative of the buttons
normally encountered. All buttons were freshly
prepared and half of them had 24 Am concentra-
tions of less than 25 ppm. Also, the data would
indicate the 24 pu_Z37 U equilibrium was altered
during the button preparation; consequently, the
203 and 208 keV lines normally employed could
not be used to determine the 24 Pu concentration.

The spectral data were analyzed using the Gauss 5
computer program, and isotopic concentrations
were calculated based on the gamma-ray branching
intensities reported by Gunnink and Morrow. z The
procedure employed was identical to one presently
used by Mound Laboratory. a

Data for the first four samples were accumulated
with a 3% efficient detector, and the remainder
with a 10% efficient detector. On an individual
basis, the z41 Am laboratory and Ge(Li) results
differed considerably in several cases. The summa-
tion of results from the two determinations were
within 2% for the eight samples. The 4 Am

Ge(Li) results were determined from a combina-
tion of techniques depending on the presence or
absence of the fission products, 137 Cs and/or
95 Zr_9S Nb, and the 24 Am concentration.

The averaged 24 Pu results from mass spectroscopy
and Ge(Li) agreed within 1%; however, this was
probably accidental. Results determined with the
first detector averaged 16.5% low, and from the
second detector, 15.1% high. This is probably an
indication of the inadequacy of the detector
resolution and the peak fitting program for the
144-, 146-, and 148-keV gamma-ray complex.

A combination of detector resolution/counting
statistics prevented a reliable determination of the
aa Pu 153-keV intensity. The Gauss program
would not properly analyze the 153-keV photo-
peak; consequently, this intensity was estimated
from a hand analysis of the data.

The averaged Ge(Li) 238 Pu results were 18% higher
than the averaged results from destructive analyses.

Improvement in the results is anticipated with
higher 241 Am concentrations, the use of 203 and
208 lines for the determination of 24 Pu, and
improved Ge(Li) detectors. Plans are underway
to carry out a second experiment with these
conditions.
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URANIUM-233 WASTE ASSAY

H. R. Martin

Investigation of a passive Ge(Li) gamma-ray
system for the assay of 233 U waste, packages and

drums has continued. The Ge(Li) assay system

and absorption corrections based on the intensity

ratio of 239- and 2614-keV gamma rays from 232 U
daughter activities were described previously.1

The studies have been extended to include 217-

and 245-keV 233 U gamma rays for assay calcula-

tions in addition to 291- and 3 17-keV gamma rays.

Because of the small energy separation between

zaTi 239-keV and 233U 245-keV gamma rays,

absorption effects would be nearb, the same. Thus,

the 245-keV line is preferred for the 233 U assay.

This gamma ray unfortunately has the lowest

intensity of the four 233 U gamma rays under
consideration, and interferences can occasionally

occur at this energy. Consequently, all four or

only the two strongest 291- and 3. 17-keV gamma

rays are used in the assay.

Approximately 20 233 U waste packages and drums

have been analyzed using this technique. Assay
values on two combustible waste packages have
been compared with those obtained by destructive

dissolution and subsequent radiometric analyses.
The results agreed within 8 and 20% at the 25- and

5-gram levels, respectively. Similar agreement was

also obtained with difference values on six salt-
waste packages containing low 23:3 U and higher
232 U daughter activity levels than would normally

be encountered even at equilibirium conditions.

Results on two salt-waste packages were 3 5 to 40%
lower than the difference values. The low results
in these cases were attributed to :233 U metal chunks
in the salt waste. Absorption corrections based
on the 232 U daughter activities in the salt matrix

would be underestimated. The 133 U 164/3 17-keV
gamma-ray intensity ratio was lower in these two
samples than in other samples. This ratio can be

used to identify unusual 233U absorption, and in

these two cases, reasonable results were obtained
by applying an absorption correction based on this

ratio.
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MANUAL DATA-ENTRY DEVICE

G. P. Minges and J. L. Lawless

A manual data-entry device described earlier has

been fabricated in prototype form. It is intended

to replace mark card readers now used for entering

data into the Hewlett-Packard 21 16-B computer,
which controls the radiometric safeguards counters.

The mark card readers have been a source of
problems caused by the environment of the chemi-

cal processing facility.

As the prototype unit was not mechanically

suitable for permanent installation, a fabrication

contract was issued to an outside electronics firm.

The first unit is scheduled for delivery to Rocky
Flats about July 1, 1974.
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SAFEGUARDS CALORIMETER

G. P. Minges

Fabrication of the calorimeter described earlie&
has been completed. The unit is designed to handle
gallon-size containers of process waste/residues
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(Figures 8 and 9), and is now being installed in The
Standards Laboratory for calibration and per-
formance testing.

In the design of the calorimeter, aluminum sense
wells are used and have proved satisfactory. The
more salient features are faster response time
and elimination of sense-wire leakage. The sample
containers, which are black anodized aluminum,
pass heat readily to the sense wells that also are
black anodized.

The constant-temperature water-bath system
performs well, and the direct resistance heated
elements respond fast and give up their heat
readily. The combination pump/propeller stirring
system minimizes thermal gradients and streaming.
In achieving mixing, a heat load Of approximately
1000 BTU is absorbed in the water due to energetic
random motion of the water. As this heat must be
removed along with heat gain from the calorimeters
and heat from the environmental surroundings,
refrigerative cooling was employed. To minimize
the thermal gradients that would normally be
produced by a simple refrigerative system and to

maintain simplicity, special freon was used in
combination with a specially built evaporator heat
exchanger.

The calorimeter readout is a Julie PPM
potentiometer/ratiometer. The Julie instrument
measures resistance ratios as compared to its own
internal resistance standards instead of an electro-
motive force (EMF) across an unbalanced bridge.
The trend in precision measurements is moving
toward ratio measurements instead of EMF
measurements. The added advantage of an auto-
mated digital readout is the compatibility of this
unit to a real-time computer. End point curve
fitting and prediction is readily possible.
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FIGURE 8. Front View of the Safeguards Calorimeter.
18535-1

L
FIGURE 9. Top View of the Safeguards Calorimeter.
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REFERENCE REPORT OF
ROCKY FLATS WASTE CATEGORIES

J. L. Lawless

An internal report has been written that describes

the 40 types or categories of line-generated waste

at Rocky Flats and gives the frequency distribution

of waste samples among the various radiometric

counters used for plutonium assay. This report is

the third in a series and was written to fulfill

the need to have a single-source reference docu-

ment for those concerned with the disposition of

radioactive process residue.

Under each category of waste, identified by a

material status code, a physical description is given

along with the origin, system used. for analysis, dis-

card limit, and recovery procedure. The data
generated by the radiometric counters have been
reduced to extract the following information for
each category: the contained plutonium distribu-
tion, net weight distribution, percent occurrence of
each category, percent of samples below discard,
average plutonium value, average matrix weight,

and percent of the total measured plutonium each
category represents.

The data were derived from 10,000 analyses
performed by five radiometric counters and cover
a 6-month period from October 1973 through

March 1974. Because of the changing nature of
process residues and processing rates, it is planned
that this report will be issued on a 6-month basis

corresponding to plant-wide inventories.

VEHICLE GATE MONITOR

J. L. Martinez and G. J. Cunningham

The feasibility of using a radiometric scanning

device to detect WR plutonium in vehicles passing

through a gate has been demonstrated. A proto-
type vehicle gate monitor was installed on a 24-ft
wide gate, and its performance was evaluated under
simulated operating conditions.

The detectors used were four 1.5-in. diameter by
0.25-in. thick NaI (T 1) scintillators. They were

mounted to the gate supporting posts, two on

each side, facing toward the center of the gate and

oriented at right angles to the traffic flow. The
bottom two detectors were positioned about 1.5
feet from the ground, while the top two were

about 6.5 feet from the ground.

The counting system consisted of standard NIM-
type electronics, which essentially are those used
in the Rocky Flats personnel safeguards monitors.

The heart of the electronics was an updating dif-

ferential discriminator (UDD) that makes the
necessary decisions concerning the count observed
for a vehicle. A block diagram of the system is

given in Figure 10.

The vehicle sensor can be either of two types: a

rubber tube positioned on the pavement surface
and connected to a pressure switch, or a buried
sensing coil.

In operation, the updating differential discrimi-

nator monitors the background count. When a
vehicle triggers the sensor, a signal is sent to the
UDD that then stores the most recent background
count rate and starts a series of 2-second scans of
the vehicle. If the new count rate differs from the
stored background rate by a preselected statistical
amount, an alarm sounds. For the tests performed,
statistics were set at 3 sigma or approximately the
99% confidence level.

Evaluation of the system performance was made
by placing a 50-g WR plutonium source in differ-
ent types of vehicles and measuring the system
response as the vehicles passed through the gate.

The plutonium source was an oxide placed in a
glass vial with 0.045-in. thick walls. This vial was
inside a plastic vial with 0.050-in. thick walls, and
this assembly was contained in a steel can with
0.020-in. thick walls.

It was determined that the 50-g source could be
reliably detected when placed anywhere inside a
1.5-ton truck or the trunk of a passenger car when
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FIGURE 10. Block Diagram of the Vehicular Gate Monitor.

FIGURE I. The Prototype Vehicle Gate Monitor.
18411-3
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either traveled through the gate at: speeds up to

15 mph. The truck had 0.05-in. thick aluminum

side walls (Figure 11 ), while the passenger car was

constructed of steel measuring about 0.025 in. in

thickness.

Similar tests were run by placing the source inside a

Dempster Dumpster rubbish container with 0.125-

in. thick steel walls. Again, the source was reliably

detected.

A current proposal is to install these vehicle gate

monitors at all four gates to the plutonium

processing areas. Hardware cost per installation

will be less than $6,000.

SAFEGUARDS AND SECURITY

J. L. Martinez and G. J. Cunningham

Approximately 40 safeguards per:onnel monitors

will be installed at doorways leading to the outside
of buildings in the plutonium processing complex.
At present, the complex is protected by monitors

at three guard posts that provide .access to the
complex.

PART CARRIER ELEVATOR CONTROLS

D. E. Hausburg

A new conveyor system for transporting plutonium

parts between adjacent glovebox facilities has been

designed. The elimination of vertical turns in
interconnecting ductwork is the singular feature
of the design. Two monorail tracks, one located
inside and one on the top exterior of the glove-
boxes and ductwork, constitute the system.

Movement of a part carrier, which is constructed of
ferrous metal, inside the gloveboxes is caused by

movement of a magnet along the external track. At
eight locations along the track, the part carrier and
a portion of the track must be lowered to the
glovebox floor so that necessary operations can be

performed on the part. To accomplish this, a

reversible electric motor causes a screw-type
elevator to raise or lower the part carrier and track
section. Controls consisting of limit switches,
mechanical stops, and lockout circuits permit
precise placement of the elevator positions and
prohibit movement of the part carrier when a track
section is missing. Lights on the control panel
indicate to personnel when the system may be
operated.

The monitors will have to be remotely operated,
and details of transmitting monitor alarms to a

central location are being worked out. Increased
deterrency for unauthorized removal of plutonium
will result.

Seven portable instruments manufactured by the
Ludlum Company of Sweetwater, Texas were

purchased and released to plant ,rotection person-
nel for the purpose of monitoring all vehicles

leaving the plutonium processing complex. The
instruments utilize NaI (T1) detectors, which have
the highest sensitivity for plutonium.

After indoctrinations for guards in the use of the
instruments, the monitoring plan went into effect
in April 1974.

PORTABLE INSTRUMENTATION
FOR SUPPLIED AIR

L. H. Faber and F. L. Crawford

The first of two portable instrumentation systems
has been assembled to monitor the quality of
breathing air supplied from portable compressors
to personnel working in protective pressure suits.
Breathing air for routine pressure-suit operations

is supplied to various buildings from a centrally
located compressor. The monitoring instrumenta-

tion for this compressor and supply system was

described earlier.1 For nonroutine operations
requiring pressure suits, breathing air is supplied
by portable compressors. To ensure the quality
of this breathing air, portable monitoring instru-

mentation became necessary.
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FIGURE 12. Portable Instrumen-
tation for Monitoring Breathing Air.

18317-2

The system continuously analyzes breathing

air for oxygen and carbon monoxide content
(Figure 12). It is set to automatically alarm
and provide system shut-down when the oxygen
content of the breathing air falls below 20% or

when carbon monoxide is greater than 20 ppm.
The system has a sensitivity of 0.2% oxygen and
ppm carbon monoxide.

The second unit is now under construction.
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SEWAGE TREATING PLANT
INFLUENT pH METER

F. L. Crawford and C M. Johnson

It has been suspected that the Rock.y Flats sewage
treating plant is subjected to infrequent, short
duration periods of abnormal pH associated with

the influent. Such conditions, now termed upset
conditions, could cause problems with the proper
treatment of sewage.

To verify the existence of the upset conditions, a

Beckman Model 940 pH meter was installed
upstream from the sewage plant. The sensing

electrodes were installed in a splitter box ahead
of the pre-aeration facility.

The pH meter furnishes a continuous recording of
the influent pH and sounds a local alarm when the
pH falls outside the 6.0 to 9.0 range.

The unit immediately verified the existence of

upset conditions and has permitted the responsible
waste management group to take preventive action

against the causes. The unit is now being modified

to automatically sample the upset condition and
transmit a warning signal to a nearby guard post
that is manned continuously.

LOW-LEVEL RADIOMETRIC MONITOR

R. A. Harlan

A low-level radiometric monitor, intended first for

the influent to the Rocky Flats sewage treating

plant, has been developed. The unit is a modifica-
tion of one developed at Lawrence Livermore
Laboratory,1 and will complement existing
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sampling programs by furnishing continuous

data and appropriate alarms if low level radio-

activity gets into the sanitary waste system.

The primary detector is a 5-in. diameter by 0.0625-
in. thick NaI (T1) and 5-in. diameter by 2-in. thick

Cs! (T1) "phoswich." Laboratory tests indicate a

sensitivity approaching 1,667 picocuries per liter of
239 Pu and 241 AITI can be reached providing an up-

dating capability is included in the, system design.

Engineering design for the large shield, sampling

system, containment structure, and alarm system
has been completed, and construction is underway.
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STACK MONITORING OF POWER PLANT
COMBUSTION GASES

L. H. Faber

A fully automatic system has been installed on the
central power plant boiler stacks to analyze the
effluents for oxides of nitrogen (NOx) and sulfur
dioxide (SOz). This system i an addition to
earlier instrumentation installed for particulates
monitoring, and is intended to permit Rocky Flats
to meet the stringent requirements of the proposed
standards for clean air.

The system is called an Envirostation(R) (Figure 13)
and was purchased from Envirometrics Inc., Marina

FIGURE 13. Carbon Panel and Instrumentation for the Envirostation(R).

18533-7
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del Rey, California, to meet specific requirements
at Rocky Flats. It includes elements for sample
acquisition, sample transport, sample conditioning,
and sample analysis. The system monitors three
existing boilers with provisions to monitor another
boiler now under construction.

In operation, stack gas is drawn through a sintered
stainless steel filter probe directly from the stack
flue. Samples from the boilers are transported
sequentially through heat-traced lines to a
refrigerated heat exchanger, and are then sent
to the electrochemical analyzer chambers.

The system is controlled by a sequential programmer
that has push-button access and provides for manual
override of all functions. The programmer selects
the proper sample line for an approximate five-
minute analysis and informs the recording device
of its selection. It also provides for sample-line
flushing with compressed air on a timed basis.

Heat-traced sample lines are necessary to ensure
maintaining the sample gas above its dew-point
temperature, thereby preventing condensation of
water in the lines and resultant loss of water-soluble
gases; i.e., SO2 and NO2.

Consideration is being given to installation of a
data acquisition system to enhance the re’cording
and reporting data from the analysis system.

AMBIENT AIR MONITORING PROGRAM

C. M. Johnson, F. L. Crawford,
and J. L. Lawless

A continuing program of monitoring ambient air

for pollutants was started at the Rocky Flats Plant
about 1.5 years ago. The purpose of the program
is to determine the amount of Rocky Flats’ contri-
bution to the pollutant burden of the Denver Air
Pollution Control Region.

The program consists of two parts: the measure-
ment of pollutants at ambient levels, and the
dispersal or disposition of those pollutants as the
result of meteorological factors. For the ambient
air program, a pilot system has been developed to
test monitoring instrumentation and develop data
acquisition and manipulation methods. The pilot
system is located in the southeastern part of the
plant where the prevailing northwesterly winds
make the location ideal for test purposes. Instru-
mentation is being tested and evaluated for the
determination of total oxidants, sulfur dioxide,
total hydrocarbons, and carbon monoxide, along
with wind direction and velocity.

The state-of-the-art in pollution measuring instru-

ments has advanced at an accelerated rate during
the period of this test, which has led to the
replacement of several instruments in this system
in favor of contemporary models.

Ultimately, the monitoring instrumentation will be
installed in a mobile van that can be moved to
various locations on- and off-site. Delays have
been encountered in the van acquisition, but it

was received recently and is now expected to be
operational in the fall of 1974.

Early in the program, it became obvious that some
form of data handling would be necessary to get
meaningful information from the data. Conse-
quently, a data acquisition system consisting of a

Hewlett-Packard coupler controller and a teletype
were interfaced to the monitoring instrumentation.
Every 10 minutes, data from the instrumentation
are put on punched paper tape and ultimately

transferred to a magnetic tape associated with a

Hewlett-Packard 2116-C computer. Every month
the magnetic tape is processed by the computer,
which automatically gives a summary and plots
of the data.

A plot of wind direction and velocity data is shown
in Figure 14 for the month of January, 1974. In
interpreting the plot, the compass is divided into

octants, and each octant is assigned a number.
Specifically, a is assigned to the octant between
north and northeast (0 and 45), 2 is assigned
from northeast to east (45 to 90), and so forth.
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FIGURE 14. Ambient Air Monitoring Station Wind Velocity and Direction Data.

As an example from Figure 14, on January 10,
1974, the average wind velocity at the ambient
air station was about 2 mph with the highest
velocity being about 12 mph from octant 6,
which is from southwest to west.

Carbon monoxide data for January 1974 are
shown plotted in Figure 15. As an example of
data interpretation from this figure, on January 10,
the average carbon monoxide content in ambient
air was about 4 ppm with a maximum value of 38
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FIGURE 15. Ambient Air Carbon Monoxide Data.

ppm observed when the wind was coming from

octant 6 (southwest to west direction). In this

figure, the present regulatory limits for carbon

monoxide are represented by the upper dashed

line, and the nationally observed background by

the lower dashed line.

A special monthly report is now prepared giving

such plots for carbon monoxide, total hydrocarbons,

sulfur dioxide, total oxidants, and wind direction

and velocity. The data are also printed out by
the computer in run-form in which much addi-

tional information is given, such as the time of
day when a maximum value is observed.

It is anticipated that this information will give

an insight into the origin of pollutants in the air

above Rocky Flats and their dispersal.
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