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QUARTERLY PROGRESS REPORT

January 1 - March 30, 1979

STUDY OF PLUT0NIUM 0XIDE LEAK RATES FROM SHIPPING CONTAINERS

.

INTRODUCTION

This study was initiated in October 1976, as outlined in the 189 research
proposal submitted previously. Several tasks are to be undertaken in this
study which, when combined, have the end objective of defining the leak rates
of plutonium oxide powder from characterized leaks.

This is the tenth quarterly report of this work. Previous reports were

issued as BNWL-2260-1, -2, -3, -4, -5, -6, -7, -8 and -9. Each task will be
identified and the progress during the reporting period briefly described.

PROGRESS TO DATE

TASK A -- Review literature and theoretical work relatina to transmission
of carticles throuah channels

Task objective has been fulfilled, and two reports issued: Succortina
Information for the Estimation of Plutonium 0xide Leak Rates Throuch Very
Small Acertures, by L. C. Schwendiman, BNWL-2198; and Transoort of Particles

Throuch Gas Leaks -- A Review, by L. C. Schwendiman and S. L. Sutter,
BNWL-2218, January 1977.

TASK B -- Investigate the relationshio of gas flow rates, leak
geometries, pressures and temperatures

Milestone 1. Review literature on tooic.,

Milestone 2. Report on technical literature.

These milestones were raached and a document, Estimation of Gas Leak.

Rates Through Very Small Orifices and Channels, by H. J. Bomelburg, BNWL-2223,
was issued.

Milectone 3. Select method and design apparatus for flow exoeriments.
Milestone 4. Fabricate and assemble apparatus.
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Milestone 5. Test aooaratus.
Milestone 6. Conduct first test.

Milestones i through 6 were completed in FY 1977

Milestone 7. Comolete test series ' orifices',. January 1973.
'lilestone 3. Draf: recort. March 1978.-

,

Milestone 9. Issue reoort.

The document Measured Airflow Rates Through Micro-orifices and Flow

Prediction Capability, NUREG/CR-0065 (PNL-2611), was issued in July 1978.

Milestone 10. Fabricate microcacillaries.
Milestone 11. Complete test series. April 1978.

Milestone 12. Draft recort.

The following document has now entered clearance procedures: Measured

and Predicted Gas Flow Rates Throuah Rouch Cacillaries, by P. C. Owzarski,
S . l. . Sutter, J. Mishima, L. C. Schwendiman and T. J. Bander, NURE3/CR-0745
(PNL-2623), Pacific Northwest Laboratory, Richland, WA 99352. The document

compares experimental flow data through 50 to 250-micrometer-diameter metal

capillaries, 0.76 to 2.54 cm long, with data generated by a compa+er model,
Code CAPIL. This code can predict gas flow in capillaries for adiabatic,
isothermal and maximum heat transfer conditions in the capillaries. As sh'swn

in the document, agreement between measured and predicted flow rates was very
good in most cases.

The document also includes a detailed description of the flow theory that
provides a technical basis for CAPIL. Of noteworthy importance is the
inclusion of entrance and exit pressure losses in the model. These losses are
of paramount importance in the overall flow resistance, which must be
identical to orifice flow resistance for "zero"-length capillaries.

TASK C -- Measure transmission of a well-characterized simulant (U0
2

powder) throuah leaks characterized in Task B

Milestone 1. Pressure vessel for simulating centainer available for
experiments. June 1978.

Milestone 2. Convert airflow apparatus. Completed January 1973.
Milestone 3. First experiment completed.
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Experiments to measure the transmission of depleted UO when the
2

leakpath is above (APLA) or below (UPL) the powder level continued in the
second quarter FY 1979. Experiments with orifices were completed and any
further tests will involve capillaries when they have been satisf actorily

fabricated.

Leakpaths Above the Static Powder Level With Powder Aaitation (APLA).
,

Uranium measurements from 164 APLA experiments were received during this

. reporting period, and results are shown in Table A-1 (see Appendix). The

quantity of decleted uranium dioxide (herein signified as DUO) measured is
reported as total ug DUO transmitted, ug DUO / min and ug DUO /cc aidlow.

-- APLA Statistical Analysis

The results of the APLA statistical matrix were received and are now
being analvzed. A preliminary study of the initial APLA orifice data

indicates that the natural logarithm (in) (DUO ug/ min) provided the best
insight into the significance of the data. Four variables, and the

natural logarithm of ecch, were investigated:

1) DUO, total ug transmitted

2) DUO / min, DUO per unit time

3) DUO /m?, DUO per unit cross-sectional area
2

4) DUO / min /m , DU0 per unit time per area.

The results of single, multiple-time constant and multiple-time varying
runs are plotted in Figure 1. The time-constant value is the average of
all the orifices tested in ene run. Since there was no assurance that
shutting off the flow control downstream of the sampler shut off

traqsmission to the sampler, the impact of the time of shutoff on the

time-varying runs is questionable. Therefore, for the time-varying runs,
'

TV = ln [EDUO/ max time] was selected as the best value to compare with

the single- and time-constant averages.
.

The data are plotted as a function of DU0 in ug/ min against the in
of the characterized airflow rate. The relationships among the five
orifices with single, multiple and time-varying treatments are shown in
the figure. It appears that a piece. vise linear model (for the in data)
might be appropriate for relating the data.
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FIGURE 1. Comparison of APLA Treatments Indicating Diameter Relationships

-- Extended Time Runs

The nominal 110-um orifice at 100 psig upstream pressure was used in
runs to evaluate APLA powder transmission for extended time periods. One

experiment (and a replicate) were made at extended times of 24 and 6 nr.

The airflow rate during the first 24-hr run showed a gradual
decrease during the first 4 hr, then a slow restoration of flow to 95% of
the original flow rate, as illustrated in the plot in Figure 2. In this
experiment, the crifice apparently plugged and a plug of puwder built up,
lessening flow. The plug subsequently seemed to erode as airflow was
restored. At the minimum flow rate, the calculated ggarent diameter of
the orifice was 85 um. Other runs were started but aborted beca'se
adequate airflow could not be achieved; flows were 5C and 100 cc/Mn

(~700 cc/ min was desired). Chemical analysis of samples from these uns
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yielded 15.2 to 38.7 ug DUO, even with some plugging evident during
microscopic examination of the orifice. However, an adequate flow was
achievad with orifice 6-110, and a second 24-hr run was made. A constant
airflow rate was maintained through the entire run with no evidence of
plugging.

The total DUO transmitted in the extended time runs and shorter time
experiments are compared in the plots in Figure 3, showing the total DUO
transmitted with upper limit values connected (1 hr omitted). The DUO

collected from the run exhibiting plugging and subsequent release of the-

plug showed the highest result for 24 hr, 305 ug. The 105 ug collected
in the second 24-hr run is comparable to the b'ghest collection from
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individual runs for shorte time periods: it appears that the maxirrum
powder leakage occurs early in any run. The average leakage during the
1-min pressurization /r3 pressurization time was 30 ug. If th is leakage

4had persistec for 24 br, 5.5 x 10 ug DU0 would have leaked.

Figure 4 illustrates the maximum leakage occurring early in any run
by plotting leak rate as a furction of time. The maximum flow rate
occurs in the first hour, then seems to stabilize at a lower ra:_ for the

remainder of the time.

-- Slow Pressurization

Since up to 80 min may be required to pressurize the vessel to

1000 psig after an accident,(1) experiments using 1-110 and
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1-200 um orifices investigated slow pressurization (80 min) in contrast
to immediate pressurization. The results are compiled in Table I.

TABLE I

TOTAL DU0 TRANSMITTED AT IMMEDIATE PRESSURIZATION

AND 80-MINUTE PRESSURIZATION
.

Immediate 80-Min
Pressurization Pressurization

Orifice ua/ min ua/ min,

1-110 574 468

1-200 3705 1248
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The results of Table I infer that less powder is transnitted during
slow pressurization; slow-pressurization DUO transmission through the
1-200 crifice is one third that of immediate pressurization. However,

with the snaller diameter orifice there is essentially no difference in
DUO transmitted. The results of Table I seem to indicate that more
powder can be airborne in immediate pressurization than 80-min -

p re ss uriz ation. The 200-Lm orifice diameter is sufficiently large to
allow powder flow. The same DUO transmitted during two runs using tha
smaller 110-um orifice diameter could indicate that this diameter does
not allow free flow and that even with powder flow from an environment
with higher airborne concentrations (immediate cressurization), limitec
DUD can be transmitted.

Leakoath Underneath the Static Powder Level (UPL).

Results from 56 UPL experiments were received during this reporting
parind and are tabulated in Table A-2 in the Appendix.

These experiments looked at pressure and powder depth effects, time
required for pressurization, powder leakage as a function of time, orientation
and slow pressurization effects, and effects of turning the powder reservoir
end for end.

-- Death Effects

The DUO transmitted below the static powder level through leaks
covered with 1.5, 7.4 and 21.8 cm of DU0 powder is shown in Figure 5
(30-min runs; ag/ min as a function of airflow rate). For the lowest
airflow rate at 100 psig, the DUO transmitted was the same for all
depths, and at 1000 psig DU0 transmitted at all depths was comparable.

However, at 500 psig (4500 cc/ min) tne 7.4-cm depth (100 g) had about
five times the leakage of the other two depths. This result is supoorted

by replicate tests that agree by 50%. The lowest of the replicate values
arrived at was 2.3 times the value for the other depths. These high

results are, therefore, considered valid and illustrate the vagaries of
powder flow: the pressure / depth combination apparently minimizes arching
and maximizes fluidization effects.
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Increasing the pressure to 1000 psig (9000 cc/ min) seemed to increase the
powder flow somewhat; although, as noted, 500 psig for the 7.4-cm depth
also optimized flow. Increased death did not contribute to the powder
leak rate.

-- Pressurization Time

Following an accident, time up to 80 min could be required for the
vessel to reach an internal pressure of 1000 psig.(1) Two experiments

evaluated the impact of slow versus imediate pressurization on a leak
below a 21.8-cm deep powder bed. In the slow-pressurization experiments,

.
the DUO compacted half as much as during imediate pressurization. The

slow pressurization-comoacted depth was 15.5 cm as opposed to 10.2 cm
af ter immediate pressurization. The total DU0 transmitted in each of two

'

slow-pressurization runs was 933 and 210 ug contrasted to an average of
224 ug in two imediate Dressurization runs. Whereas more powder can
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pass through an orifice during a longer span of pressurization time, the
powder will not necessarily do so. Only one value is high (933 ug) and
more data would be desirable to make a better assessment. Th is

comoaction phenomenon is crobably associated .. tith the initial packing--
the interstices in one pa: king encouraging freer particle movemant.

-- Leakace For an Extended Time '

The amount of DU0 powder leakage from lecks underneath the powder

level does not increase with time. Replicate experiments using the same
2-110 orifice used for all runs (100 psig pressure) and comalet.ad with
7.4-cm DUO over the orifice show that the amount collected in 24 hr was
less than the 30-min runs. The results are snewn in Tacle !!.

TABLE II

TOTAL DUO COLLECTED FRCM LEAKS UNDERNEATH THE STATIC POWDER

LEVEL FOR DIFFERENT COLLECTION TIMES

30-min 360-min (6 hr) 1440-min (24 hr)
ug 000 Transmitted ug 0U0 Transmitted ua DU3 Transmitted

123 94.5 41.5
72.4 45.5 10.2

One of the replicate 360-min runs had the same powder passage as the
30-min runs; however, the amount collected in 24 hr was less than the
30-min runs. This " slow down" effect wculd indicate that the particles
are first jetted through the leak passage, and then aggregates of small
particles block tho transport of a significant number of other
particles. Therefore, the precise orientation of the particles in the
reservoir could contribute to the lower flow in the 24-hr runs.

-- Reservoir Orientation and Slow Pressurization

In an attempt to find effects that might maximize powder leakage,
the orientation of the powder reservoir was changed. In earlier

experiments the reservoir was in an upright (90 ) position; this position
was changed to horizontal (180 ) and intermediate (45 ) orientations.
Twenty-five grams of DUO powder were placed in the reservoir while it was

274 088
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in the upright position; the reservoir was enen tipped to the desired
angles. In these positions, the DU0 no longer covered the orifice.
Half-hour runs at 1000 osig were made at slow and imediate
pressurization. In a final set of experiments, the reservoir was
equipped with a flexible high-pressure hose. The reservoir (25 g DUO at
1000 psig) was rotated end for end three times per min for 30 min, a 180

* oscillation allowing the powder to drop from one end of the reservoir to
the other.

~

None af these various crientation strategies yielded an increase in
the DUC transmitted through the orifice. The results are displayed in a
bar graph in Figure 6 that incl; des APLA and UPL results (110-um orifice)
from experiments using two reservoirs,(?)-' all at 1000 psig. The AFLA

results are from single orifice (s), time constant (TC), time varying (TV)
and statistical matrix (M) runs. The UPL runs are for Reservoir 1 with
0.5- and 1.5-cm powder coverage, and Reservoir 2 with 1.5-cm coverage in
90 , 180 , 45 , and turning-end-for-end orientations. The runs were for
30 min af ter pressure was reached, and the ug/ min were calculated for
this time period.

The average leak rate from Reservoir 1 (1.5-cm coverage),
115 ag/ min, was the largest leak rate value. The other leak rates were
comparable, with APLA leak rate of 26 ag/ min the closest to the highest
value. No efforts to maximize powder flow were successful.

How valid are these results? Replicate 10-min experiments gave an
average transmission of 1150 ug. The leak rate of powder does not
increase with time (as has been noted); therefore, a better test would be
30-min duration runs. At 30-min with the same powder transmission, the

.

leak rate would be 38 pg/ min, fairly comparable to the 26 pg/ min APLA
rate, but still three times the average of all other UPL experiments and
twice the highest of the other UPL transmission rates. Therefore, it

'

appears that this configuration (1.5-cm powder depth in Reservoir 1) can
give the highest powder leak rates.
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Reservoir 1 appears to have the highest leak rate, as illustrated in
the plot in Figure 7 which compares leaks below the powder level for the
two reservoirs (tests at 1000 psig with 25 g DUO in rese voirs). The

25 g of powder filled Reservoir 1 completely and left about 20 cm of void
space in Reservoir 2. At every pressure the second powder reservoir
transmitted less DUO.
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A question arises from this experiment: does the DUO depth

(completely full) or the shape of the reservoir (or an interaction of
both) promote increased powder flow? Unfortunately, 1.5-cm DUO is the
maximum capacity of Reservoir 1 and, thus, this problem could not be
investigated. However, two experiments with Reservoir 2 comoletely
filled with powder had a leak rate of 10.6 ug/ min (ave), compared to
7.6 ug for the 1.5-cm depth in the same reservoir, values really about
the same indicating that the interior configuration might influence the
leak rate.

There was no correlation of DU0 leakage with airflow rate through
.

the reservoir during these experiments.

In order to investigate the question of reservoir shape, the
,

interior of the reservoirs are sketched in Figure 8. Reservoir 1 has a

bell-shaped expanding section, whereas Reservoir 2 has an abrupt

274 0?!
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expansion. The second reservoir has about 15 times the fetch from air

entry to the crifice, D, in Figure 8. The 1000 psig airflow entering the
chamber would have a jet effect, setting up turbulent flow patterns. In

the distance from the jet to the orifices, these patterns would modify,
and in Reservoir 2, with longer fetch and abrupt expansion, would have
different flow patterns than those in Reservoir 1. Since flow is mixed
with the powder, DUO leakage would not be the same for each reservoir.

Rheolooical Tests.

During this study, replicate results have often been disparate and
difficult to predict. It has been assumed that much of this problem might be
attributed to innate properties of the DU0 powder. The depleted uranium

dioxide used in the experiments is a small (mass median diameter: 1 um),
easily-packed, irregular powder that would tend to flow with difficulty.

In an effort to gain information on the innate "flowability" of the DU0
powder, a rheological test was performed that demonstrated that the 'owder
wou d not flow. A rheological test evaluates the interparticle friction

274 Oc'2
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(angle of internal friction, a) which is important in grwity flow and could
play a role in leaks under the static powder level. The DU0 powder was tested
and compared to tests on sand with a mass median diameter of 6a u m.

A bin-flow test ( ) measures the argle with the horizontal assumd by
the moving core of solids in a vessel provided with a central opening in the
bottom through which the contents can flow in free fall.

.

The vessel is rectangular with a clear front wall, as illustrated in
Figure 9. The angle, a, can be measured at the line of demarcation between
stationary and flowing solids.

CONE OF FLOVilNG

SOLIDS

-s[b \ STATIONARY
SOLIDS

g- v
_.

' ' 55 5==

d W ,$
FIGURE 9. Bin-Flow Test Vessel

A clear, plastic bin 8.5 x 1 x 7 in. was fabricated. A 1/2- x 1-in hole
in the bottom was covered with a sliding plastic cover that could be opened to
allow powder flow. This bin was filled with DUO powder to a depth of
approximately 5 in. As the bottom cover was removed, a marginal amount (<5 g)
of DUO dropped out, as shown in Figure 10.

.

274 093da
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A Q-tip was inserted to manually force the DUO out and a core was formed,
as shown in Figure 11.

'
i
V-

!
P

i
~

'l
i "

DUO MANUALLY EJECTED

FIGURE 11. Core Formed in Powder to Allow Ejection of DU3

The bin was rapped briskly with a hammer and a flow formed, but continued
only with constant agitation. Since flow was really clumps of powder breaking
off, no measurements of a could be made on the DUO.

In order to compare DUO with powder that could flow, sand to a deoth cf

6 in. (mass median diameter: 64 um) was tested in the same bin. As soon as
the bottom hole was opened, fast flow became apparent, the line of demarcation
between the core of flowing solids and the stationary solids was visible, and
the angle o# internal friction was measured as 30'.

This test is a visual demonstration of the difficulty with which 0U0
flows and could, in turn, account for much of the anomalous behavior in many
of the powder leak tests to date.

TASK D -- Measure Fuel Grade Puo Leaks Throuch a " Standard Leak"2
Incorocrated into a Suitable Container

Milestone 1. Desion of experimental equioment. Completed.

Milestone 2. Assembly of experimental system. Completed.

Milestone 3. Simulant exoeriments. Completed.

Milestone 4. Transfer to alovebox. Completed.

Milestone 5. Conduct " hot" exceriments.

Conduct " Hot" Exceriments (Phase One).

A recurring source of difficulty in the analysis of the Pu0 'aak-rate
2

data has been the extreme variability in the results obtained from replicate
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experiments. The variability does not appear to follow any consistent pattern
and is so large that any effects of parametric interactions are masked. In an
attempt to define more clearly the quantities of Pu0 emitted and to provide

2

insight into the nature of the variance of the data, a series of experiments
was planned to provide a small data base for a given set of experimental
conditions. The conditions chosen were: 1) pressure: 995 psig;

* 2) position: up; 3) vibration: no; and 4) orifice size: 20 um. Fifteen
experiments were conducted under these conditions with collection times of

- 10 min each. Particular care was taken to insure that no controllable
variables were altered between runs.

Inspection of the data (Table III and cigure 12) reveals that
considerable variability remains. The one -5vious parameter that changes
between runs but is not controlled is the helium flow rate. Inspection of the

data reveals no obvious relationship between the helium ' low rates and
quantities of Pu0 emittad, although some relationship may exist since the2

helium leak rates recorded in Table III are determined by the pressure decay
method at the midpoint of the run and do not realistically define the total
helium gas flow in this system where the flow rate is not necessarily
constant. The helium flow rate must be known throughout the course of each
run in order to determine whether any correlation exists between the flow rate

and the quantity of Pu02 emitted.

In order to compare the effects of varying run times on the total
quantity of Pu02 emitted, a series of 15 runs was planned using three
different run times: I hr, 2 hr and "zero time." "Zero time" refers to those
experiments conducted with the minimum feasible run time. For these "zero
time" experiments, the leak tube is pressurized as in all other experi .ents
with longer run times. Once the desired pressure is reached, the pressure is

-

imediately bled off through a needle valve located on the upstream side of
the leak tube. The total elapsed time using this technique is less than 1 min
from the beginning of pressurization to complete depressurization. Helium

.

leak rates have not been recorded for the "zero time" runs since this is
generally done by the pressure decay method at the midpoint of the run and the
short run times do not permit such an operation.
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The data from the varying time runs are presented in Table IV and
Figure 13. A comparison of the average Pu0 emissions and the associated

2

variance for thase three run times, and the 10-min runs of Table II!,
indicatas that there is not readily discernible un-time decendence. However,

the ext-eme variability of the data may oe masking such deoendence and a
definite statement cannot be made at ais time. .

-- In-Line Helium flowmeter

The Mr me variability of the helium flow rate data indicates that
there some f actor influencing the Pu0 emissions that is not,,

2

being considered, One such f actor may be plugging of the orifice during
the course of a run, wnich would result in a decrease of the effective

size of the crifice and decrease of flow. Continuous monitoring of the
flow rate would provide information pertaining to the total flow of
helium during the course of a run and an indication when any plugging or
subsequent unplugging might occur. Although a flow rate is reported for
each run, the rate is determined using the pressure decay method at the
midpoint of the run, which provides no information concerning any #10w
change during the run and consequently is no measure of the total flow.

Therefore, to allow monitoring of tha helium flow, an Omniflow@
turbine flowmeter,(a) an in-line metering device that provides digital
flow information, was installed in the experimental system. Flow rates
obtained from the flowmeter are in terms of actual volumes of gas flowing
through the system; in order to compare data obtained at various
pressures, the volumes must be converted to standard flow rates. The

flowmeter was calibrated in the experimental system using the pressure
decay method to insure that flow rate information could be related to
previous runs. Thirty data points were used in the calibration and were
fitted to a straight line with a linear correlation coefficient of
0.995. The calibration curve reveals that the minimum flow that can be
detected by the flowmeter is approximately 0.1 acc/sec.

(a) Flow Technology Inc., P.O. Box 21346, Phoenix, AZ 85036.
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TABLE IV

SUMMARY OF Pu0p LEAK RATE EXPERIMENTS USING A 20-pm ORIFICE

Detected,pg(a)eak _ _ quantity of pug 2llelium lleliu
b(l Inlet Final NetRun Tube Pressure, Rate

Number Position psig Vibration cc/sec Nozzle Filter Total Total (c)

B64B(d) Sideways -- -- -- 0.00143 0.00040 0.10275 --

* Pul08 Up 995 No 1.7 0.00123 0.10153 0, nPc4 0.00501

*Pul08 A Up 995 tio 16.8 0.00072 0.00613 0.00684 0.00501

*Pul08 B Up 995 No E.6 0.00987 0.00301 0.01288 0.00000

*Pul08 C Up 995 No 2.6 0.00106 0.00000 0.00106 0.00000

*Pul08 D Up 995 No 3.9 0.00095 0.00296 0.00391 0 ^^209

N *Pul09 Up 995 No -- 0.00371 0.00409 0.00779 0.00596

*Pul09 A Up 995 No -- 0.CLJ24 0.00033 0.00127 0.00000 $

] *Pul09 B Up 995 No -- 0.00112 0.00199 0.00311 0.00128

e *Pul09 C Up 995 No -- 0.00049 0.00055 0.00105 0.00000

*Pul09 D Up 995 No -- 0.00156 0.00129 0.00283 0.00100

+Pu110 Up 995 No 1.3 0.00052 0.04501 0.04553 0.04370

+Pu110 A Up 995 No 24.3 0.00167 0.00597 0.00764 0.00581

+Pu110 B Up 995 No 0.9 0.00200 0.00176 0.00375 0.00192

+Pu110 C Up 995 No 1.7 0.00141 0.03563 0.03704 0.03521

+Pu110 D Up 995 No 1.7 0.00214 0.00611 0.00825 0.00642

(a) Based on a specific activity of 0.096 Ci/g for the pug 7 powder.
(b) llelium leak rate determined by pressure decay method at the midpoint of the run.
(c) The net total is the amount above the average containment box background of 0.00183 g.
(d) Containment box background.
x 1-hr collection time.
* "Zero time" runs.
+ 2-hr collection time.
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FIGURE 13. Pu0 Emissions Through a 20-um Orifice
2
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-- 50-tm Orifice

The first experiments conducted after the installation of the

flowmeter were with the 50-tm-dia orifice. After the orifice was
installed in the leak tube, the tube was pressurized to 995 psig and the
flow rate monitored. The initial flow rate was 1.4 acc/sec
(94 scc /sec). After approximately 5 min the flow dropped off to,

1.0 acc/sec (69 sec/ scc). The tube pressure was released and the tube
repressurized, at which time the flow rate was 0.5 acc/sec.
Subsequently, the flow rate dropped off to 0.3 acc/sec af ter 5 min and
slowly decreased to <0.1 acc/sec after 40 min. It was assumad that

PuC2 particles had plugged the orifice and attempts were made to recpen
it, such as rapidly changing the system pressure, vibrating the leak tube
for prolonged periods and taoping on the leak tube with a metal rod.
These attempts were unsuccessful, and the helium flow remained
<0.1 acc/sec, which was below the threshold of the flowmeter.

A series of 16 (8 replicates) experiments were planned using a 50-um
crifice to provide data in establishing a correlation between Battelle,
Columbus Laboratories experiments using Pu0 and Pacific Northwest

2
Laboratory experiments using UO . In actuality, 20 experiments were

2

con;pleted (some with more than two replicates), during each of which the
helium flow was continuously monitored. At nc time did the flow rate
increase above the threshold level of the flowmeter. The conditions for
these experiments and their results are presented in Table V and

Figure 14. The helium leak rates shown in Table V were determiled using
the pressure decay method and are given in standard cc/sec. All but two
of the runs (Pull 2 and Pu114) exhibited very low emissions of Pu0 ; 12

2

of the 20 runs showed no net Pu02 emission. A thorough analysis of
'

these data will be conducted in the near future.

TASK E -- Investiaate Pu0 Leaks Throuah Simulated Defected Containers2.

Milestone 1. Fabricate leaky container. Completed.

2 101Milestone 2. Simulant tests. Completed.

Milestone 3. Pu0 test series. Completed.
2

A statistical analysis of the results of this completed test series is
being performed. More experiments will be identified when this analysis is
accomplished.
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TABLE V

SUMMARY OF Pu0 LEAK RATE EXPERIMENTS USING A 50-um ORIFICE2

He li um Helium (eat Ouantity of Poa, Deteciel a( 3)
Run Tube Pressare, Rate (DJ _ In let Final ht'U.w e Pnsition osin Vibraticr ec/se- Nar21e Filter Tciti Tr:t s 1 IC)

-

NFt5 Si h ays -- -- -- 0.00031 0.00257 9.C31S3 --

Bis (d) Sideways -- -- -- 0.00030 0.00031 0.000el --

*

Pull! Up 995 Yes 3.7 0.00000 0.000s9 0.00953 0.00000
Pulli 4 up 995 Yes 37.2 0.000 % 0.0m 3J 0.N065 0.00000
Pulli B Up 935 Y2s 2.6 0.00033 0.0N29 0.00057 u.000G3
Pulll C Up 995 Yes 3.5 0.00121 0.00192 0.J/1216 0.00042
Pull 2 Wn h5 tes ?.6 0.01217 0.01571 0.017d3 0.01614
Pull 2 7. D J .<1 935 Yes 3.5 0. 0')0TJ 0.06 0.0 65 0.00000
Pt.112 6 Dun 995 Yes 2.6 0.00000 0.0004') 0.00049 0.00:00
Pull 3 Up 4% Yes 1.3 0.00023 0.00114 0.0013/ 0.00000
Pulli A Up 135 Yes 1.3 0.00000 0.00000 0.00000 0.00000
vol!2 0.... M Yes 1.3 0.0019] 0.02323 0.02931 0.02757
Pu114 A Ibn 435 Yes 1.3 0.00013 0.00035 0.00048 0.00000
Pall 4 B Dam 495 (es 1.1 0.00055 0.00056 0.93111 0.u0C03
Pull 5 Up 1250 Yes 4.'8 0.00096 0.00246 0.00342 0.00175
Pull 5 A lip 1250 Yes 4.8 0.00055 0.00003 0.00063 0.00000
Pul!5 Down 1250 Yes 5.4 0.00022 0.00036 0.00053 0.00000
Pull 6 /- Ocwn 1250 Ye; 5.2 0.00050 0.00297 0.00347 0.00173
Pall 7 UD A1b ien t Yes -- 0.00031 0.00046 0.00077 0.00000
Pull? A Up Ait t m t Yes -- 0.00025 0.N167 0.00192 0.0W1S
Pull 3 Doe E bient Yes -- 0.00031 0.00509 0.00590 0.00115
P9113 1 Dnen Amni ent Yes -- 0.00009 0.00214 0.00224 0.00050

(a) u nei an a specific activity nf 0.096 C1/g for the pug) oowder.
(b) Wiium leak rate ktarminea by the pressure decay method at the mt.toint of the run.
(c) It.e nct tatsl is the nunt stove the average contain:.ent box back grcun i uf 0.00175 ..].( J) Containment box b a-kground.

e
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TABl.E A.1 (contd)

orifice OR M[ ASURE D CilAMBER
CAPill ARY DI AM[IL R PRESSURL AIRFl 0W IR ANSMllli t)

APLA DE SIGNA 110N pm psig IlME. min (c/ min Dlto. uq 000. pg' min D U O. pq'cc

106

-3
106-1 3-30 33 If0 30 74 1.26 t 0.98 0.11 1.5x10

106-2 1-36 43 l'n 30 77 3.nt + 0. 91 0.10 1.3x10-3

106-3 2-36 33 100 30 t>t 4.62 t l .4 0.15 2.4x10'3

106-4 3-36 33 100 30 100 4.51i1.4 0.15 1.4x10'3

107 3-20 23 1(10 10 22tf 3.18 t o.95 0.32 1.4x10'3

108 3-36 38 Ifyn 10 99h* 3. 7h t l .1 0.38 3.8x10'4

IW 3-20 23 1000 10 3,? 4.02'l.2 0.4r) 1.3x10-2
-2110 3-36 38 10fY) 10 5/* 6.8512.0 0.68 1.2x10

}" 111 3-63.5 65 linn 10 660* 52.7+16 5.27 8.0x10'3

114 3-20 23 500 30 35* 2.88 t 0.8 7 0.10 2.7x10-3g
-4N 115 3-36 38 500 30 270* 4.00 1.2 0.14 5x10

-Z5
116 3-63.5 65 5fD 30 320' 8.3t2.5 0.28 8.6x10'4

117 3-110 Ift) 500 30 2250* 24.2 t 7. 3 0.80 3.ox10'4
~

c3
4

CO 119 3-20 23 IIX) 30 42.5* 1.1310. Lt 0.fM 8.9x10

120 3-36 38 1(0 30 28* 2.7710.83 0.tN 3.3x10'3

121 3-63.' 05 100 30 195* 8.03 t 2.4 0.27 1.4x10'3

-3122 - 3-110 1(X) 11 0 30 415* 14.0t4.1 0.47 1.tx10

123 3-200 200 1(0 30 2260* IfN.0t33 3.60 1.bx10-3

124 1-36 43 1(00 PRESSURE DECAY 1.4510.43

126 3-36 38 30 30 2S* 3.5211.1 3.12 4.2x10-3
-4

127 3-63.5 65 30 30 9S* 2.2210.67 0.07 7.6x10
-. -_- .--

* MEASURED ONI Y



TABLE A.1 (contd)

ORIFICL OR ME ASI RED fil AM BL R

CAPitt ARY DI AM[ll R l'RI SSURI AIRil f t.V 1RANSMllH O
APL A DE SIGNATION pm psig IIMI. min cc % n Dilo, pq D110. pg' min DlJ0. p qlcc

128 3-110 Ifo 30 Fi 120* 29. 8 t 8.9 0. 'W 8.1x10
-2

130 3-20 23 10H 10 15.2* 2.78 '0.8 3 0.28 1.8:10

131 3-36 38 10 0 10 385* #3.2910.19 0. c 3 1.tinto 3

132 3-63.5 61 1000 10 69f.* 31. b t 10 3.40 5.010'I

135 3-30 33 10 0 PRl SSURl tilC/ Y 1.83 t0.55

136 3-20 23 50) S10PPfD PI UGGl D 1 44t0.43

137 3-36 38 500 30 230* ti.56 e 2 0.22 9.5 10

138 3-63.5 05 500 30 1020* 14.3t4.3 0.48 4.7x10'4
~3

139 3-110 Ifn 500 30 t,RO* t2.9119 2.1 3.1x10

y 141 3-20 20 100 STOPPED PillCGl D 1.45 t0.41
e

** 142 3-36 33 1(n 30 19* 1.92'O.58 0.06 3.4x10'3
4

143 3-63.5 65 IfD 30 105' 3.2/ t 0.9M 0.11 6.tix10
~3

144 3-110 100 100 30 37tl* 20. 3 t h.1 0. t:8 1.8410

145 3-200 20) 100 )) 23fC* 80.2121 3.0 1.3x10'3

148 3-36 38 30 30 35* 0.861t0.27 0.03 8.2x10

149 3-110 100 30 30 171* 2.91to.87 0.1r 5.5x10

150 3-63.5 65 30 30 9t* 4.6 +1.5 0.16 1.6x10'3
4

151 3-200 2tn 30 30 87L* 9.1812.8 0.31 3.5x10

152 1-30 43 Ifro Pf?l SSi!RI DI Ct.Y 1.88 t 2.4

N * MEASURE D ONLY
N
4

-

CD
4
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TABLE A.1 (con td)

ORIFICE OR MEASURED CllAMBE R

CAPILLARY DI AME TE R PRESSURE AIRFimV IRANSMllill)
APL A DESIGNATION pm psig I!ML, min cc/ min DUO.pq DUO. pg/ min DUO. pg'cc

165 1-110 100 30 0 11.113.3

167 l-20a 23 PRESSURE DECAY 3.31t1.0

168 1-20 22 It111 0 1.45 t o.41

169 l 36 43 1000 0 2. f N + 0. 6 3

170 1-63.5 60 If0) 0 10.9'3.3

174 3-110 100 50) 0 40.titl2

175 1-63.5 66 500 0 9.53'? 9

176 1-36 43 50) 0 5.81tl.1

177 1-20 22 101 0 1.81'O.54

178 1-20a 23 30 0 1.XS*0.50
p

$ 179 1-110 !D) 100 0 /o.5t8.0

183 3-200 200 Iful 0 24.9'7.5g
N 181 3-63.5 0 101 0 6.9? '2.1

182 1-36 43 Ift) U 3. 5S ' I .1

183 1-63.5 66 30 0 5.21t1.6~

~

o IM 3-36 3d 30 0 1.17 t 2.2
l 3

185 1-200- 226 1010 0 4. 75x10 +1.1x10

186 1-!!0 111 10f X) 0 574'140

187 1-20 26 10X) 0 4.51'l.4

188 3-20 20 1(D) 0 2.14 t 9.tal

i89 l-110 til 500 y) 10. 2a) (d)2 + 14Y33

19') 2-36 20 1010 30 13f bl 6.8512.1 0.23 1.6x10'4
.____ __ _.._.._____

' LEAK AROUND SEAL
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TABLE AJ (contd)
ORIFl(.l. OR Mi ASURf D Of AMlit R
CAPILLARY lil AMt il R PRI SSilRI AI Ril (MI TRM45Milit D

API A DI SIGflAllOf4 pm psig ilMI, min cc/ min lilH). pg 000, pylmiri 1100, pgic
T19] l -21H 226 '>l t ) il 13. lin 14 )D 330 41.I 3.6x10

192 3-110 b9 lin) 30 1/.401 40.2 t l2 1. 51 1.tx10'4

193 1-110 111 50) 1) /ho 124 t 32 1.1 1.9:10

194 2 36 42 1010 )) WI 8.4 3 t 2.5 0.23 4.3x10
3195 1-2LH 226 5m 30 11.4 11 12601290 41 3.1x10

196 3-110 E9 f f10 31 2/fo 11.3'11 t.1 1.tx10'

191 !-200 220 )) 30 1(1u1 216'51 0.8 6.8x10-3

199 3-30 22 501 30 310 3.911.2 0.13 3.5x10~4

200 3-110 69 500 30 33un 40.7t14 1.56 4.6x10 4

-3> 201 1-110 111 10 0 y) 1101 Niltl40 20.2 2.8x10
* 4202 3-30 22 Its o 30 690 n.t,1'2.0 0.22 3.2x10

-2
203 3-30 22 M) 30 28 9.21'?.8 0. 31 1.1x10

~32m 3 -2m 190 1(4) )) 21.0 0 21/utsal 12.3 3. 3x10

2tb 3 20) 190 531 30 11. O O 696 t Iu) 23.2 2.Iy10'3

206 2-36 32 30 3) 24 4.h8tl.5 0.16 6.Rr10-3
-2201 1 -2m 226 Ifko 30 28m 2X 30 t 650 u t. 3 3.4 x10

20W 3-200 190 30 30 910 99*2/ 3.1 3.5x10'3

~4210 2-35 31 tu) 91 275 4.49'l.3 0.15 5.4 10

211 3-110 89 10 30 /B lb.S i).O 0.55 2.3x10-3

N 212 1-200 224 10 0 11 25.2!0 ) #1'/10 102 4.0x10~3

213 1-110 111 Sm 30 $1N) 10l'2M 3.4 3.3x10 2

214 3 -2m 100 30 30 10 0 10./*9.2 1.02 1.0710'3
-

M

M

e

m

*
4 9
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TABLE A.1 (contd)
ORiflCE OR MEASURED CHAMtst R
CAPILLARY Dl AMIll R PRESSl!RE AIRFt0W IRANSMlillD

APL A OfSIGNAll0N pm psig lif.}E. min cc/ min D00, pg DUO. pgtmin DUO. pg'cc
- 4--215 2 -36 32 5ff) 30 2h5 3.49 t l .0 0.12 4.1x10

216 3-110 h 500 30 31 m 20.416.1 0.68 2.2x10'4

218 l-110 111 30 30 245 105132 3.50 1.4x10'2

219 t-200 226 500 30 12,200 1710 t40 57 4.6x10'3

220 2-36 32 Ifly) 30 550 33.2110 1.11 1.9710'3

221 3-30 22 30 30 2F 2.ntt0.6 0.07 2.4v10'3

222 3 -2f1) 190 500 30 t 1. f y 0 822t1.90 27.4 t.5x!0-3
~3223 1-110 111 1(11) 30 1100 957 t230 31.9 4.5 10

224 3-30 22 Im0 30 695 12.013.6 0.4 5.M10
-2225 1 -2f1) 226 30 50 1f)H 722iI70 24.I 2.4x103

0 227 3 200 19) 1000 30 22m Il90t280 39.7 1.Sul0'

228 2-36 32 30 30 24 1.9310.58 0.06 2.7:10'3N
h 229 3-110 89 Iflul 30 5500 194 t 49 6.5 1.2x10'3

~4230 3-30 22 5m 30 350 6.8212 0.23 6.5 10
02 31 3-110 89 30 30 245 20.2 t h. I 0.67 2.7:10

~

I'\)
232 3-200 190 30 0 1x9 t47

233 3-110 89 1000 0 ?45 tro

2 11 3-30 22 30 0 6.8112.0

235 2-36 60 5m 0 8.18 t2.5

2 36 1 -2m 226 lat) 0 3690tSs0

237 3-200 190 5(O O 276 t 68

!
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TABLE A.2

DEPLETED URANIUM DIOXIDE TRANSMISSI0ft RATES FOR LEAK PA_THS UtlDER THE POWDER LEVEL

MEASURED C!! AMBER (2)
ORIFICE DI AMElE R PRESSURL (1) AlHFI UW IRANSMlIIID

UPL CAPILLARY pm psig AGliAll0N TIME, min cc/ min D UO, 9 DUO, pg/ min DUO, pg/cc

85 2-110 125 100 YE S 30 MS 360187 12 1.9x10'2

87 2-20 20 100 YE S 30 19.5 83.7125 2.79 lx10'I
88 3+3.5 61 100 NO 30 145 31.0t9.3 1.03 Tul0'

94 3-63.5 61 100 YES 30 ND 31.519.4 1.fh
-295 2-110 125 50 NO 60 115 84.012.5 1.4 1.2x10

99 2-20 20 50 NO 60 3. 7 26.5 t 8.0 0.41 1.2x10'I
-2102 2-1 0 125 15 60 23.5 17.215.2 0.29 1.2x10
-2103 2-36 33 50 60 13 43113 3.72 5.5x10

-2109 2-110 125 500 30 2750 8941210 29.4 1.1x10

? 110 2-36 33 1000 10 106 18.5t5.6 1.85 1.7x10
-2

111 1-200 200 1000 10 13.600 4520 tlfXX) 452 3. 3x10'

112 3-63.5 61 1000 10 425 80.6122 8.1 1.9x10'

-3113 1-20 22 1000 10 ND 4.95 tl .5 0.50 1.2x10
N 114 1-200 200 SfX) 30 4[X)0 487011130 162 4.1x10

-2
N
-A 115 3-63.5 61 500 30 4 35 10.4 t 3.1 0.35 8.0x10'4

116 2-36 33 500 30 NO RI ADING 17.115.1 0.57

117 1-20 22 500 30 NO Rf AlllNG 7.4812.2 0.25-

'*
118 3-63.5 65 50 60 3.4 5.22 t 1.6 0.09 2.6x10'2

119 l-20 22 50 60 ND 2.83'0.85 0.05

120 2-36 33 15 60 0.23 6.7412.0 0.11 0.49

121 3-63.5 65 15 60 1.5 39. 7 t l2.0 0.66 0.19

122 1-20 22 15 u) ND 5.20t1.6 0.09

I"AG|TATION DISCONTINUID AFTER RUN 100

(2)THE i15 THE UNCERTAINTY IN THE URANIUM ANALYSIS AT THE 20 CordlDINCI l[Vii



TABLE A.2 (contd)
CilAMBER

ORIFICE OR WIDUO PRLSSilRE AIRfl 0W TRANSMlillD
tlPL CAPittARY g psig 11ME. min cc/ min l)UO.pg DUO.pg DUO.pg

~3123 2-110 100 1000 30 2(kX1 75.1121 2.5 1. 3x10

124 2-110 217 500 30 730 69.7120 2.3 3.2x10'3

125 2-110 25 1m 30 210 157140 7.0 3.3x10'
~2126 2-110 100 100 30 305 123t32 4.1 1.3x10

127 2-110 33) 100 30 147 55.Itl4 1.8 1.2x10'
3128 2-110 300 Im0 30 2090 3()t 174 10.1 4.hx10

129 2-110 25 IDX) 30 5600 196t49 6.5 1.2x10'

130 2-110 100 500 30 2600 289 t 70 9.6 3.7x10'3

131 2 110 25 500 30 1080 37.211.1 1.24 1.2x10'

> 132 2-110 25 1R0 30 4800 258163 8.6 3.3x10'

h 133 2-110 100 500 30 2350 158140 5.3 2.2x10'3

134 2-110 100 100 30 1 35 72.4 t 20 2.4 7.8x10'2
~2135 2-110 281.9 Im 30 345 138136 4.6 1.3x10

-3N 136 2-110 282.8 10m 30 5050 331180 11.0 2.2x10
N ^3131 2-110 27.2 500 30 4 65 17.215.2 0.57 1.2x10-D s

_3138 2-110 275.7 500 30 5 35 48. 7 tl4.0 1.62 3.0x10

[ 1 39 2-110 57.5 Iwo 30 32m 198149 6.6 2.1x10
-3

~3LT1 140 2-110 25 100 30 152 28.718.6 0.96 6.3x10

141 2-110 100 10N 30 4050 373t90 12.4 2.7x10'

142 2 110 281 1(X10 80 + 30 5150 993 t230 31.1 6.0x10

143 2-110 284 ll100 80 + 30 5(f>0 210154 7. 0 1.4x10~3

41 41 2-110 100 100 1440 225 41.5 112.0 0.03 1.1x10
d145 2 110 100 lm 1440 66 10.213.1 0.m7 1.Irl0

146 2-110 1m 100 360 320 94.5 t 26 0.26 8.2x10'3

147 2-110 1m 100 360 3?0 45.5 114 0.12 3.Fx10'4
,

e

e *
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TABLE A.2 (contd)
CHAMBE R

SAMPilR WT DilO PRt SSllRL AIRFL OW IRANSMllIL D
ljPt ORIFICE ORIE NTAT10N

__
_ psig _ IIML j tj g/ min _ Dllo, pq ._ DU_0, pg/ min DUO. pj/ccg

25 1000 30 54rX) 398 t99 13.3 2.5x10'3154 2-110 1800

156 4-110 180 25 10fX) 30 3850 6281160 20.9 5.4x10~

157 4-110 45 25 1000 80+30 5400 476 t l20 15.9 *

-3158 2-110 45 25 1(XX) 30 3200 7M il90 25.5 8.0x10
-4159 4-110 45 25 1000 30 7700 119 t 32 4.0 5.7x10

160 2-110 450 25 1000 80 + 30 7901 tmt99 13.2 *

161 4-110 180 25 llu) 80130 14(X) 215 tSS 7. 2 *

-3162 2-110 TURNED END 25 llXX) 30 2B 552tl40 18.4 7.9x10,

163 4110 FOR END 25 1(XX) 30 8850 492t120 16.4 1.9x10-3
>

h *pg/ min CALCULATED ON 30 MIN TIME ONt Y

N
N
b

~

N
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