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1.0 INTRODUCTION AND SUMMARY

This report presents the results of two ferrocyanide propagating
reaction generated aerosol tests, conducted as a part of a series of tests
directed by Westinghouse Hanford Company (WHC) in Ref. [l1]. For the record,
Ref. {1l] is included as Appendix A. The tests discussed in this document
are designated as T0208-1 and T0209-1. The tests were carried out in a 49 L
containment volume equipped with an aerosol filter housing. The test setup
is described in Section 2.0. Each test used an = 50 gm. sample of InFarm-1
bottom flow sheet material which was vacuum dried, screened through a 140
mesh sieve, and rehydrated to 1 wgt. % water content prior to testing. The
test sample and reaction ignition method are described in Section 3.0. A
special test protocol was defined and followed for the tests as described in

Section 4.0 and Appendix B.

Test results discussed in Section 5.0 are summarized in Table 1-1.

"Both tests yielded a significant aerosol sample on the filter element.

These filter elements and aerosol - deposits have been sent to WHC for
analysis, and any information as to the content or chemical composition of
the trapped particulate material awaits the results of WHC efforts in this
regard. The reaction propagation tests were conducted at 60°C and 120°C
respectively. The average propagation velocities noted in Table 1-1 are

consistent with other related observations.

Table 1-1
Summsary of Aerosol Test Data
Test T0208-1 T0209-1
Nominal Temperature 60°C 120°¢C
Reaction Propagation Velocity 12.6 cm/min 20.4 cm/min
Aerosol Particulate Collected 366.15 mg 595.7 mg

1-1
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2.0 IEST EQUIPMENT

2.1 Test uipment

The overall test equipment configuration is shown in Fig. 2-1. This
configuration is similar to that illustrated in Ref. [l], but features a 49
L containment vessel. The containment vessel and environment thermoéouple
locations are shown in Fig. 2-2. The flow limiting orifice attached to the
downstream exit from the aerosol filter unit is sized to limit the maximum
flow through the filter unit to 0.5 scfm at 30 psig test pressure.

Pre-test calculations and calibraﬁions with argon gas indicated that a
downstream flow restriction consisting of a 6.4 inch long small bare tube
(id = 0.425 inch) would give the required flow rate at 30 psig. This would
nominally lead to a post-test depressurization and aerosol collection time

of approximately 20 min.

The aerosol source will be derived from a standard burn of (1 wt.§

water) InFarm-1 bottom sample in a 25 mm diameter sample holder.

Fig. 2-3 shows details of the 25 mm diameter sample holder which will
be used for the aerosol test activities. A 0.002 inch thick, 316 stainless
steel sheet 1is rolled onto a 25 mm diameter mold, spot welded to hold a
round tube configuration and trimmed to 4 inches length. This tube
(considered to be disposable) is slipped over the base stand. A sample tube
heater and base stand heater are installed as shown in the figure. Type K
thermocouples, 0.020 inch diameter sheath are located at axial elevations

. shown in Fig. 2-3. Note the bottom thermocouple, No. 4, is inserted through

the base plate. All other thermocouples make side penetrations through the
sample holder between the heater coil wraps and all are positioned at the
center of the tube. Also note that TC #4 will be used to indicate the
completion of a test burn and signal the time for opening the aerosol filter
vent. A split signal from TC #4 will be directed to a chart recorder so as
to provide a visual indication of the event (see Fig. 2-1).
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i :
i / E Agrosol
E L " : “ter
: (18.5", 3°) i| Housing _
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MG931041.COR

Fig. 2-2 40 liter containment vessel.

12" ID x 0.375" wall x 26}" long
with 150 1b. flanged ends as shown
with 1" dia. x 4" long sample
holder shown to scale. (y,r) in-
dicates TC location relative to
bottom (y) and away from wall (r).
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Sample Holder Tube

25mm Dia. 316 SS

(0.002 inch Wall)
Effective Volume 40cc¢

-_—
Sample Holder Tube 0.375"(9.5mm)
Heater —~ 20 5mm
0.060 inch Dia. x 16 Turns L E !
32() € & 1.18"(30mm)
£ o
-2 30mm
o . &g .
- 3 B 2.36" (60mm)
T IS 20.3mm
l ! _3.16"(80.3mm)
0.59° (15mm) 2 \—3.14"(86.6mm)
= = -

Base Heater .
" 0.060 inch Dia. x § Turns TC No.s:1,2,3 & 4

14 ) Type K. 0.020 inch Sheath,
Ungrounded
>—
uwaezeas: ¢ 3/4-10 Hex Nut
(Modified as Shown)
Fig. 2-3 25 mm diameter sample holder used in burn velocity

tests. Sample inventory =~ 45 to 50 gm.

Ref. Elevation 0.00
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Since material balance considerations will be emphasized in the
aerosol test, the following dry weights of the sample holder elements are

noted: /
25 mm Sample Holder Base 152.6 gm
25 mm Sample Holder Tube 3.5 gm
Heater Elements (Two) 52.1 gm
Thermocouples (Four) 23.7 gm
TOTAL | ' 231.9 gm

Finally, a schematic of the aerosol filter housing is shown in Fig. 2-
4. Filter elements were handled by tweezers only so as to avoid contact

with human hands.

2-5
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3.0 IEST MATERIALS

3.1 Ferrocyanide Sample

The test materials will be the WHC prepared samples of InFarm-1 bottom
disodium mononickel ferrocyanide (Na,NiFe(CN),). These samples contain a
trace amount of CsNiFe(CN), (= .1 gm Cs in a 50 gm sample per WHC estimate).
The sample was vacuum dried and sieved at 140 mesh. The sample was re-
hydrated to 1 wt.% water prior to. testing. '

3.2 Oxidation Reaction

The fuel/oxidizer assay for the samples is as yet not known, but will
be supplied by Westinghouse Hanford Company. One estimate of a balanced

stoichiometric reaction is given below.
Na,NiFe(CN)s + 6NaNOg - 4Na,0.+ Ni0 + FeO + 6CO, + 6N,

Assuming CO, and N, are the only permanent gaseous species produced, the
above stoichiometric balance indicates 12 moles of gas to be liberated per
mole of Na,NiFe (CN)4. The formula weight of Na,NiFe(CN), is 316.66 gm/gm
mole. Therefore, a 25 mm sample holder containing 50 gm of dried sample at
0.26 wgt. fractioq ferrocyanide will contain (.26 x 50)/316.66 = 0.041 mole
of Na,NiFe(CN), and can theoretically produce .04l x 12 = 0.492 mole gas.

Other test estimates indicate the gas production to lie in the range
of 12 to 13 moles of gas per mole of ferrocyanide burned. Assuming an
average molecular wgt. of the gas produced as 36 gm/gmol one can further
estimate that a 50 gm test sample will yield between 17.7 gm and 19.2 gm of
gas or that the solid reaction product residue should be between 30.8 gm and
32.3 gm.
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3.3 Reaction ;gg;tion Source ‘

The wuse of a bariqy peroxide and aluminum mixture has proven to be an
effective starter for the ferrocyanide reaction. This starter mixture can

be ignited with a hot wire. The stoichiometric reaction is written as

3Ba0, + 2Af - 3Ba0 + A2,0,
(169.34)  (26.98)  (153.34)  (101.96)

Numbers in ( ) under the above reaction represent the formula weights of the
reactants and products. Thermochemical evaluation of this stoichiometric
relation indicate the liberation of heat of reaction estimated to be -338
kcal/g-mole BaO, or = 9.5 mJ/kg BaO,. The estimated reaction téﬁperature
increase is of the order of 2000°C. This reaction is used to initiate the
thermite reactions (Fe;03 + 2A2 -+ A2,03 + 2Fe). The barium peroxide-
aluminum reaction as written does not appear to be gassy. Barium oxide, mp
2000°C, bp 3100°C, appears to be quite stable (A£,0; has a boiling point of
2900°C). However, BaO, is reported to decompose to Ba and 0, at 800°C.
This could be a source of gas, albeit small, for this igniélon method. The
barium peroxide/Af starting mixture will be separated from the fef}ocyanide
column by a thin aluminum foil. The ignition method has been shown to be

effective in previous propagation rate studies, Ref. [2].

3-2

I




WHC-EP-0661

4.0 TEST PROCEDURES

4.1 Tes rotoco

The objective of the designated aerosol tests is to provide WHC with a
quantitative measure of the possible release of aerosolized cesium following
an.open burn of cesium-nickel ferrocyanide. WHC estimates that a 50 gm test
sample will contain = 0.1 gm of cesium in the form of CsNiFe(CN),.

Two aerosol tests have been defined by WHC. The base test parameters

are:
(a) Sample holder -- 25 mm dia.
(b) Sample charge | -- =50 gmn @ 1.2 sg.
(c) Particle size -- Screened through 140 mesh sieve
(d) Moisture content == 1 ws (= .5 gm)
(e) Sample temperature prior
to ignition -=- 60°C for Test No. 1 (T0208-1)
120°C for Test No. 2 (T0209-1)
(£) Containment volume atmosphere -- Argon
(g) Containment volume pressure -- 3 atm abs. (28 to 30 psig)
4.2 avimetric Analysi

WHC has requested a complete material balance on the test reactants
and products. In order to facilitate this, the inside walls of the 49 L
vessel was lined with aluminum foil all foil elements in addition to the
reaction sample holder will be weighed before and after testing so as to
account for the disposition of the unreacted sample charge.

In addition to the overall mass balance, a special scale has been
procured so as to record the pre- and post-test weight of the filter paper
and O-ring to four significant figures. A calibration record for the scale
is included as Appendix B.

4-1
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4.3 Filtered Venting

The post reaction venting of the containment atmosphere was initiated
on completion of the reaction. This was signaled by the response of the
lowest level thermocouple which was made visible by a recording on a strip
chart recorder, (see Fig. 2-1). The flow control orifice was tested so as

to achieve a venting rate of = 0.5 cfm at 30 psig.

4.4 Test Execution

The following procedure steps were followed in the execution of the
aerosol tests. Completed test data sheets are included as Appendix C.

Sample Preparation

Preliminary: Test ID # _ A Date
Step Activity Record or Check
1. Measure 50 gm of vacuum dried and sieved
In-Farm-1 bottom sample into clean glass
beaker. E]

Glass beaker tare weight

2. Add .5 gm distilled and demineralized

water, Mix thoroughly. E]
3. Record total weight of container and

sample. E]

4a. Record weight of empty sample holder.

4b. Add sample to sample holder packing
with clean glass rod. E]
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Step Activity Record or Check
5. After loading is complete (Step 4)
record:
Weight of source beaker and residue.
Weight of loaded test sample holder.
Depth of charge in sample holder.
6. Finish sample holder assembly and
dressing -
* heaters
+ thermocouples
¢ insulation
Record assembled weight.
7. Prepafe a two to four gram charge of

8a.

8b.

10.

barium peroxide/aluminum starter mix
in an 25 mm dia. aluminum foil cup
and record total weight.

Hold for adding to test sample later
(step 11).

Filter Preparation

Weigh clean unused filter element.

Install in filter housing per Fig. 2-4
taking care to use only tweezers.

Containment Vessel Preparation

Containment vessel fittings and seals
have been previously checked for leak-
tightness.

Containment vessel is open and cleaned
of all prior test residue.

4-3
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Step

Activity

Record or Check

11.

12a.

12b.

12¢.

13.

14.

Line all inside surfaces of containment
vessel with aluminum foil and record
weight of foil used.

Install assembled test sample holder on
bottom flange of containment vessel and
secure all intermal connections.

Install igniter mix and igniter.

Take photograph of sample holder.

Pre-Test Post-Test
(mg) (mg)

Filter eleﬁenf

/

0-Ring

Filter Element
+ 0-Ring

Seal containment vessel and purge five
times between full vacuum and 0 psig
with Argon gas.

1 E
IN:

Test
Pressure

At end of 5th cycle Argon pressure
should be set to test pressure.

Record pressure.

- Hold test pressure during instrument

checkout.

4-
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Step Activity Record or Check
15. Set up instruments and check proper

allignment. D

Check proper calibration setup. [:l '

Notes
16. Verify containment is holding pressure. D

Test Sequence

17. Verify heater circuit continuity. D
18. Verify igniter circuit continuity. D
19. Begin heating sample up to test

temperature. When TC #3 is at test

temperature, record temperatures.

TC #1 °C - "c

TC #2 -0 - cc

TC #3 °C  _____°C

TC #4 °C °C
20. Verify TC #4 is being recorded on strip

chart recorder. D
21. Verify data acquisition system is ready. D
22, Verify igniter system is ready. G
23. Start data acquisition system and on

operator signal close igniter circuit, D
24. On response of TC #4 to burn open filter D

vent. ‘

4-5
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Step - Activity Record or Check
25. When containment pressure has fallen to
0 psig close filter vent.
26. Stop data taking.
Post-Test Activities
27a. Weigh filter paper and O-Ring and
quickly....
27b. Insert in filter paper holder for
shipment and label with test ID #.
28. Open containment vessel and take
photographs.
29a. Weigh test sample holder.
29b. Weigh loose solid metal.
29c. Weigh all foil material.
29d. Total weight of material in containment
vessel,
30. Reduce test data.
31. Clean test apparatus and prepare for

follow-on test.

4-6
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5.0 TEST RESULTS

5.1 Propagation Rate Data

The thermocouple data which indicate the linear reaction velocity are
shown in Figs. 5-1 and 5-2 for tests T0208-1 and T0209-1 respectively.
Tables 5-1 and 5-2 indicate the respective reduced speed measurements which
can be obtained from these data.

The representative average velocity for these tests can be summarized

as

Test Temperxature Reaction Velocity
T0208-1 60°C nom. 2.1 mm/sec (12.6 cm/min)

T0209-1 120°C nom. 3.4 mm/sec (20.4 cm/min)

For comparison, the average reaction velocity observed in comparible dry
InFarm bottom ferrocyanide tests is shown in Table 5-3. All observed reac-
tion velocities appear to be consistent for the test material. Note that
the response of TCl in both tests was somewhat erratic and was discounted in
T0209-1 as a reliable reaction speed indicator. This behavior is often
caused by the igniter but the severe difficulty in T0209-1 appears to be a

random fault.
5.2 Qvera ontainment Environment Response

Figs. 5-3, 5-4, 5-5, and 5-6 show the containment environment response
on short and long time scales. The start of the filtered venting process is
indicated for each test to occur at peak pressure. This was concurrent with
the completion of the reaction as indicated by the lowest thermocouple TC4.
The containment environment pressure response appears to be derived from two
sources. An initial rapid pressure increase of = 10 psig is due to the
igniter and because of the corresponding concurrent rapid response of the

5-1
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Table 5-1

Reaction Speed Data for Test T0208-1 (60°C)

. /
Reaction Propagation Rate

TC# Location* Time
mm sec
TC1 9.53 21.25 TCl - TC2
2.10 mm/sec
TC2 30.16 31.09 TC2 -+ TC3
’ 2.26 mm/sec
TC3 59.53 44,09 TC3 -+ TC4
1.84 mm/sec
TC4 81.06 55.78 TCl - TC4
2.07 mm/sec
*From top of sample holder.
Table 5-2

Reaction Speed Data for Test T0209-1 (120°C)

TC# Location* Time Reaction Propagation Rate
mm sec
TCl 9.53 20.98 TCl - TC2
7.58 mm/sec
TC2 30.16 23.70 TC2 - TC3
3.16 mm/sec
TC3 59.93 33.11 TC3 + TC4
3.82 mm/sec
TC4 83.44 39.27 TCl - TC4
3.42 mm/sec

P

*Result discounted due to faulty TCl.
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Table 5-3

Comparison of Related Propagation Rate Tests

Reaction
Initial Specific Propagation
Test Material Pressure Temperature Gravity Rate
atm °C cm/min
T0727-1 IF1B 1 26 1.23. 10
*T0127-1 IF1B 10 60 1.26 16
TO819-1 VWW 50 60 1.25 132
**T0128-1 IF1B 53 60 1.33 32

*Ref. [4]
**Subject of this report.

IF1B - In-Farm 1 bottom flow sheet material.

VWW - Vendor supplied material.
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two environment thermocouples, it iIs concluded that this is predominantly a
thermal effect. The second stage pressure increase of = 15 psig in test
T0208-1 and = 25 psig in test T0209-1 is a result of the reaction itself and

is a combined thermal and gas production effect.

Note that due to the above mentioned pressure increase the initial
flow rate through the filter is estimated to be = 0.8 cfm for test T0208-1
and = 0.9 cfm for test T0209-1. 1In both tests the containment pressure and

filter flow rate decay with time over a depressurization period of = 20 min.
5.3 Aerosol Sample Collectio

The collected aerosol sample is represented in Table 5-3 below. The
sample was weighed and sealed in the shipping containers within 15 min.
after completion of the test. As can be seen from the table, abundant
particulate material was collected. Other than the sample mass, the .only
other noteworthy aspect of the sample collection procedure was the observa-
tion that the post-test sampie weight could not be represented as a fixed
value. Upon placing the filter element on the scale, a weight loss of = 1
mg/min was observed to continue. No effort was made to see how long this
weight loss would persist since the other concern for moisture uptake was in
mind.

5.4 Qverall Material Balance

The overall material balance as inferred from the pre- and post-test

sample weighings are summarized in Table 5-4 below.

5-10
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Table 5-4
Overall Mass Balance

Test T0208-1 T0209-1
1. Initial Sample 50.5 gm 50.5 gm
2. Recovered Solid Residue 30.7 g 31.3 g

3. Estimated Gas Products
(1 -3) 19.8 g 19.2 g

Expected solid residue per
Section 3.2 30.8 to 32.3 g 30.8 to 32.3 g

As can be seen, the accounted for solid residue is within 6% of the
estimate given in Section 3.2. This also indirectly confirms the gas
production of 12 to 13 mole of gas per mole of ferrocyanide. This is sig-
nificant in that it is impossible to recover 100% of all solid residue.
Minor amounts of un-recoverable residue are lost in the sample insulation
and scale on the heater element. Nevertheless, the mass inventory account-
ing appears satisfactory and consistent with the expected gas generation

rate.

5-11
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Westinghguse
@ Hanferd Company

P O. 8ox 1970 Rrchiang, WA 39352

January 12, 1993 / 9350159

Or. H. K. Fauske, Prasident
Fauske and Assaciates, Inc.
16W070 West 83rd Street

Burr Ridge, [1linois 60521

Qear Or. Fauske:
AEROSOL PROPAGATION TESTS AND PARAMETRIC PRESSURE PROPAGATION TEST

Please conduct two aerosol tests and one parametric propagation test for the
Ferrocyan1de Safety Program at Hanford. The aerosal tests are expectad to
give a reasonable release fraction of aerosol particles from reaction of the
most concentrated ferrocyanide waste simulant, [n-Farm-l. The parametric

praessure propagation test will give a propagation rate measurement far an
intermediate pressure.

Perform the first aeroso] release test using In- Farm-l bottom fraction tast
matarial in a similar configuration as the propagation tests, aexcept the
aerosol tests shall be conducted in the 49 liter chamber. Use vacuum drisd
[n-Farm-1 simulant to which 1 wt% water is added and well mixed in arder to
perm1t possible conversion of the cesium to cesium hydroxide during the
reaction. Include thermocouples in the tast material and within the chamber
atmosphere to measure the propagation rate and containment gas/temperature
responsas. Perform tha first tast at three (3) atmospheres initial absoluts
pressure under argon with delayed exhaust gas venting through a filter to
callect aerosol as shown in Figure 1. OQther parameters should be as
fallows: a 25 mm diametar test material cylinder about 100 mm long, a 60 °C
initial temperature, dried material (reconstituted to 1 wt% watar) screened
thraugh a 140 mesh screen, and a specific gravity of about 1.2 (actual
density measured).

Venting of the chamber gas should begin when the reaction is completed as
determined by the temperature of the lowest thermocouple and first decrease
in chamber pressure aftar the reaction is started (estimated to be about 30
seconds after start of tha reaction). Controlled venting down to
atmospheric pressure, through an orifice upstream of the filter housing,
will protect the filter system and provide favorabie conditions for
qbtaining a good aerosol sample. The orifice should be sized to control 1
maximum flow through the filter of 0.5 c¢fm. [t is important that
Westinghouse Hanford Company (WHC) simulant be used instead of vendor-
producad material becauyse the WHC simulant has traceable cesium in it and
the vendor matarial does not.
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?;gﬁ‘z“““ 3350139
January 12, 1993

Photographs are requested of the deposits inside of the chamber after the
tast. The filter papers and Q rings from the aerosol filtar should be
weighed (to four significant figures) befare and after aergsol loading tg
determine the mass of aerosol collected. (Rental of a Balance is
necessary, 1o make these measurements is approved.) Quartz Fifter papers
will be used and should be handled with tweezers anly, since sodium can %e
picked up from human hands. Filter paper holders have been provided to you
for handling and shipping purpeses.

It is desirable to make a material balance on the cesium and other metallic
elements during this test. The inside of the chamber should be ]ined with
aluminum foil to collect any cesium plate-aut an expased surfices. The
aerosol should be removed from the vent gas by filtaring, and all of the
remaining solid reaction products should be weighed. The gas samples,
loaded filter paper, solid reaction products, and foil liner shauld be

;et:rned to WHC for analysis as soon as possible after compietion of each
est.

Perfaorm the second aerosol test at an initial temperature of 120 °C but with
all other conditions kept the same as the first tast: the same data

. measurements s@ould.be made. [t is expected that the | wt % water added to
the test material will be retained within the sample at 120 °C up to the
point of ignition of the second test reaction.

Please submit the aerosol propagation test procedure for WHC approval prior
to conducting these tests.

[t is requested that you perform one additional propagation test at an
initial pressure of 10 atmospheres absolute using an argon environment. Use
dry (0 wt% water) I[n-Farm-1 bottom fraction material for this test, the

25 mm diameter test bed, an initial temperature of 60 °C, a specific gravity
af about 1.2 (actual density measured), and a particle size as screened
through a3 140 mesh screen. This test can be conducted in tha 49 litar
chamber, if you choose. Qbtain a gas sample of the containment atmosphere
before and after tha reaction. Pleasa provide a datailed gas sampling
pracedure for approval prior to conducting this test. Usa of the WHC-
provided samplers (NUPRQ) with end caps to provide a second seal and to
protact threaded connections is requestad. Pleasa report the resuits of
thesa tasts, including the temperatures of the chamber gas as a function of
time, in a summary report, available for public releasa.

Please provide measursd gas temperatures within the containment atmosonere
(and provide the location of the thermocouples) as a functien of time for
gach propagation test conducted to date with the disodium mononickel
farrocyanide mixtures. The gas temperatures and pressure measuraments
during the resaction time and during cooling time are desired. Temperature
and pressure measursments of the containment gas atmosphera are also neegeq
at the time that the gas samples were/ars abtained. Your prompt response 13
this raequest for tests compieted to date would be appreciated.

A-3
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H. K. Fauske 3350199
Page 3 . -
January 12, 1993

About 1.4 kg of additional [n-Farm-1 bottom friction simulant material was
shipped to you an January 3, 1993. The composition of the I[n-Farm-1 hattam
fraction simulant is still being determined by laboratory analysis and will
be provided to you in the near future so that the final six scraening
propagation tests can be conductad. About one Xg of U-Plant-1 sludge will
be prepared and shipped to you for the bake out tests discussed at the
December 9 and 10, 1992 meeting at Hanford. Additional gas sampler (NUPRQ)
containers are also being shipped to you.

For your information the gas analysis of the containment atmosphere gases
for four propagation tests conducted previously are listed in Table 1. [t
should be noted that analytical results of two of the pretest samples
indicate that there is a concern about the initial condition of the test

chamber atmosphere. Either the gas sampling was not conducted properly or

%hglco?tainment atmosphere was not adequately purged. See footnotes of
able 1.

Please address questions to 0. W. Jeppson at (509) 376-5058 or to me at
(509) 373-3132.

/,,Very-truly yours,

R. J. Cash, Manager
Ferrocyanide Safety Technology
Tank Waste Remediation System

fm
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APPENDIX B
Microbalance Calibration

Calibration Data Sheet for
SARTORTUOS Microbalance Scale

lgt I;ial
Test Wgt, Scale Reading
1l mg 0.00101 gm
10 mg 0.01000 gm
100 mg 0.10007 gm
2nd Trial
Test Wgt, Scale Reading
1 mg 0.00102 gm
10 mg 0.01001 gm
100 gm 0.10004 gm

Date: 2-5-93

Calibration Standards

1 mg Class 1 wgt. H138023191TIU
10 mg Class 1 wgt. H138023191PP
100 mg Class 1 wgt. H318023191KIL

*x% All wgts. are ASTM Tolerance Class 1 #**

B-1
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APPENDIX C

Tegst Data Sheets for Tests T0208-1 and T0209-1
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Record or Check

WHC-EP-0661
Ssmple Preparation
Preliminary: Test 10 #_J 2R04 -/
Step Activicy
1. Measure 50 gm of vacuum dried and sieved

4a.

4b,

In-Farm-1 bottom sample into clean glass
beaker.

Glass beaker tare weight

Add .5 gm distilled and demineralized
water. wmaix +thowvov s}tb/

Record total weight of container and
sample.

Record weight of empty sample holder.

Add sample to sample holder packing
with clean glass rod.

After loading is complete (Step 4)
record:

Weight of source beaker and residue.

Weight of loaded test sample holder.
net chavgo, §50-47
Depth of charge in sample holder.

»w

Finish sample holder assembly and
dressing -

 heaters ¢2)
o thermocouples (%)
e insulation «/#4 fo,
avell 2, :%w.fv leady M;(M//'V
Record assembled weight.

/99.0 4
/49,0
i~
& .50 g
<
2 72.§ 4
-
/6/,77 4
U~
/44,23

9

v
RIZ-26 4

=

'%32“ {VOM +%£

336.?’3.
[74

g

=g

Cg

&

/
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Step  Activity Record or Check

two B fous 2,23 q__ l.i_vu‘!'e«u
7.  Prepare a two gram charge of barium

peroxide/aluminum starter mix in an
25 mm dia. aluminum foil cup and record .

total weight. . 4. 2-3;_ rotd

Hold for adding to test sample later

(step 11). g

Ellter Preparation
8a. Weigh clean unused filter element. See, ke low)
8b. Install in filter housing per Fig. 2-4 '
taking care to use only tweezers. [3/

mmw
9. Containment vessel fittings and se:als

have been previously checked for leak-
tightness. _ B/

10. Containment Qessel 13 open and cleaned
of all prior test residue. @/

11. Line all inside surfaces of containment :
vessel with aluminum foil and record - ,
weight of foil used. Sae Do SL“’e-

12a. Install assembled test sample holder on :
bottom flange of containment vessel and
securs all internal connections. @/

12b. 1Install igniter mix and igniter. | . B/
12¢. Take photograph of sample holder. @/
Pye 4-e..y+(ma) Post+ Test (mg) o
fillev clement 1S4, 7/ SRO * — t:f:;;:fg 7
O—)e:na 244575 Ll g SciL note
Pltev element 2095 j¢ 3 24¢4.0/ § e

A D=V aer
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Step

Activity

Escord or Check

13.

14.

15.

16.

17.

18.

Seal containment vessel and purge five
times between full vacuum and 0 psig
with Argon gas.

Cycle Vacuup Eill
1 27 _L0L8%
g i ¥ — /lz ol :‘I/g:
4 2/’ (2128 /#
Test
” Pressure
5 27 22 2&?

At end of 5th cycle Argon pressure
should be set to test pressurs.

Record pressure.

Hold test pressure during instrument
checkout.

Set up instruments and check proper
allignment.

Check proper calibration sectup.

Notes __J° > 16 wg}//m/f
T C A2 oK

Verify containment is holding pressure.
Test Sequence
Verify heater circuit comtinuity.

Verify igniter circuit comntinuicy.
C-4
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S/ £ e

Step Activity Racord or Check
Y,
Start 1C‘zf‘f' defa. oO.0082<

19. Begin heating sample up to test Stoy fzi F date. BFTFot/Fsec

temperature. When TC #3 is at test dok

temperature, record temperatures. §tavtslow 22 i

TG #1 °C Y¥ ¢

TC #2 —_rC é% °C

TC #3 —_°C e4_°C

TC #& _ _"°C L3 °c

JC KS 20 oC

el /7 “C
20, Verify TC #4 is being recorded on strip

chart recorder. E/
21. . Verify data acquisition system is ready. E’

: a,{’ 7‘0!7‘—

22. Verify igniter system is ready. | ;iwzéf, - 70 /,,0,,_ [3’
23. Start data acquisition system and on

operator signal close igniter circuit. E/
24. On response of TC #4 to burn open filter

vent. &
25. When containment pressure has fallen to

0 psig close filter vent. G’
26. Stop data taking. E’

Pogt-Test Activities

27a. Weigh filter paper. wnd O-ﬂb'tg See data

a.ni fv/l&ka)y-e-o m/v'%/:}la
27b. Insert in filter paper holder for

shipment and label with test ID #. G/
28, Open containment vessel and take

photographs. L~
29a. Weigh test sample holder. /%g/f, b 3/?.. /2'\7‘7

C45




WHC-EP-0661

ToRo§=)

Step Activity

Recerd or Check

LWy 4}-3£a~¢4$e4:a¥'sz~4ﬂ4=_k,;4@,
29b.

core g3l /e fo /fév;u S
| 29¢. Weigh all foil material.

}i 29d. Total weight of material in containment
vessel.

30. Reduce test data.

31. Clean test apparatus and prepare for
follow-on test.

4.4 Data Reporting

/97 6 2

Coe fote L Loc

As customary, FAI will advise WHC of individual test results by phone
and advise or discuss any variations from the expected operating procedure.

After the second aerosol test, a detailed report of the test data

including all temperatures and pressures will be provided. Special sections
will detail the gravimetric analysis and note the filter paper weight gain.
Test photographs will be submitted to WHC under separate transmittal.

Post-test debris and filters will be sent to WHC for further evalua-

tions of the test data.
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3/9.2 3

eré g

ey o2t RZ & ¢

./}e.nlw_,m.&;/ 2'{4
)—af'a/ reicolos zieocddr?20.36

Fer

W@/WW 7,69 R
W?&‘-’M /7 5—//;




WHC-EP-0661

Fed TOROE -/
e é oo 7 Jand Lier #vi/ w%’

Efer et

407‘%‘9’%
Ae-a-cj w225

CO WV EnV
seb }'07L2[ botton

§ide

To y

Total

Ve Ject
wggf

& E7 &
r.eS g
). 30 ¢

/902 b

'S“C,fl- 1

?:é 7\

s I Jant

20,3 ;,‘

s$7./ 2

.7
Fe? o9

IS e d 7

C-7

7./

Z,li‘ ;

Joo0F =/




WHC-EP-0661

LATLE: & Fel 73
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Sample Preparation
Preliminary: Test 10 #_TOAOT -1 pate 7 Fels 73
Step Actlvity Record or Check
1. Measure 50 gm of vacuum dried and sieved

' 4a.

4b.

In-Farm-1 bottom sample into clean glass
beaker. ( Used §tmaless Steel cup)

Glass beaker tare weight

Add .5 gm distilled and demineralized
water. w»ux thovev akb/

Record total weight of container and
sample.

Record weight of empty sample holder.
with, TC Y awdino heaters

Add sample to sample holder packing
with clean glass rod.

After loading is complete (Step 4)
record:

Weight of source beaker and residue.

Weight of loaded test sample holder.
net cha, SO, Yo g
Depth of charge in sample holder.

Finish sample holder assembly and
dressing -

o heaters ( 2)

o thermocouples ()

« insulation wiFh fo.l
2 leads atigniten

Record assembled weight.

and

C-10

/77.© g

7
/s

/572 »
7

/79.S g Eg
J&/-F3 2

3
/£7. 0 4.
212.29 ,
> 7<

5716 Fvam_ 1'::9&
T¥S5. 6 o
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Step Activity Record or Check
y
two & 1co|)v‘
7. Prepare a &we gram charge of barium C ,/5‘3; pan Wg.+-)

peroxide/aluminum starter mix in an

25 mm dia. aluminum foil cup and record
total weight.

Hold for adding to test sample later

(step 11).

Fllter Preparatioy

8a. Weigh clean unused filter element.

¢ Yo lS g sgn wyt)

HeR7 4
S

See below)

8b. Install in filter housing per Fig. 2-4
taking care to use only tweezers.

" Contaipment Vessel Preparation

9. Containment vessel fittings and seals -
have been previously checked for leak-
tightness. [3/
10. - Containment vessel is open and cleaned
of all prior test residue. Ca
11. Line all inside surfaces of containment
vessel with aluminum foil and record
weight of foil used. See dats Shat
12a. 1Install assembled test sampls holder on
bottom flange of containment vessel and @/
secure all internal connections.
12b. 1Install igniter mix and igniter. @/
12c. Take photograph of sample holder. @/
Pye -J-c,.g{-(ma) Pos+ T&H"ng)
O—)elwi 14‘!‘5’,/2. 2LYto.06
g"”‘;f,l;j'::# 2000.09  C-11 3/96-40
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Fozeq-|

Step

Activity

Record or Check

13.

14.

15.

16.

17.

18.

Seal containment vessel and purge five
times between full vacuum and 0 psig
with Argon gas.

Cycle Vacuup Eill
1 2L Lo _p
2 F4 E ” /0 PS¢
3 25" O Sk
4 F¥ 4 L2 A5
Test
“ Pressure
5 25 30 __ 759

At end of 5th cycle Argon pressure
should be set to test pressure.

Record pressure.

Hold test pressure during instrument
checkout.

Set up instruments and check proper

allignment.

Check proper calibration setup.

Notes __ P cal, b 8! /volt
TC 22 oK

| Verify containment is holding pressura.

Test Sequence

Verify heater circuit continuity.

Verify igniter circuit continuity.
C-12
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Step

Activity Record or Check

19.

20.

21.

22.

23.

24,

25.

26,

27a.

27b.

28.

29a.

Start faet data o©.00 sec

Begin heating sample up to test S’_o)‘, bect dzte 65.¥2 22
temperature. When TC #3 is at test

temperature, record temperatures. § Favk s low date. /22.54 e<c

»*
TC #1 -/227 *c °C * 7o hl shows ervatic belzvuir
TC #2 3 °C *‘C iu;-}- at test tengpevzto A4
TC #3 L&7_°C °c d
TC #4 727 ¢ . procec
Teds 3
Tc 6 23

Verify TC #4 is being recorded on strip
chart recorder.

Verify data acquisition system is ready.
Verify igniter system is ready.

Start data acquisition system and on
operator signal close igniter circuit.

On response of TC #4 to burn open filter
vent.

When containment pressure has fallem to
0 psig close filter vent.

LR R R RRR

N % P4 piig e cmfl'alnwta«j_

Stop data taking.

Rost-Test Activities

Weigh filter paper. awd O-ring
and fvlak-)y - - -

S&er pyeviosd /3%/

Insert in filter paper holder for

shipment and label with test ID #. B/
Open containment vessel and take /
photographs.

Weigh tast sample holder. sfer & JREZ -0 4

eigh test sample holder /&)f &

C-13
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Step Activity Record or Check

/

Wk of vndvessed $2rprle holdes

29b. .
compavabie To itene 5 v 7~
29¢c. Weigh all foil material. _Jgea,alaJ2;,4aéin2g
M
29d. Total weight of material in containment
vessel W/&uw Aais b2lzuce 3.3 44
\YJ
ez halows
30. Reduce test data. E/
31. Clean test apparatus and prepare for
follow-on test. Ea”’

4.4 Data Reporting

As customary, FAI will advise WHC of individual test results by phone
and advise or discuss any variations from the expected operating procedure.

After the second aerosol test, a detailed report of the test data
including all temperatures and pressures will be provided. Special sections
will detail the gravimetric analysis and note the filter paper weight gain.
Test photographs will be submitted to WHC under separate transmittal.

Post-test debris and filters will be sent to WHC for further evalua-
tions of the test data.
Lo~ 274 et R,

\S':.m//e- s° g
~ 24f loit z3,6
3456 2/2.21 o - *
- J/Lve 4
- 322,0 - /43,6 L. z
. P eis doce ol o, 7 ¥
Rgl&&' /f/éq Tof:/f‘,’/Jve-

64—("9.:(1-47‘6/#-0‘" 3/:‘? f
Jnifea) mtadl detect /66 £

C"l_4£7 f/rtt 2 e a/;(af /ﬂe/va/r% /7 & //7;,(
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Tad ToROY? —/

Pre ¢ Post Test Liwer fo,l ;,_,}-i- /
E lement Ve test Vect Tect ‘
w @+ wra T

& S~ }

Bottoree 7. 67 ‘

kead T ) /. 2 F - |

COVEN /,J"&ot : |
S b Fotal by ROLSE6 I 22.96 %
Side | | $C.o08 5;742.6 i
3 *
To}a ?'/721_ §. 85O i_

//ef/«;,@wﬁ# . g,fs/Oz
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TE5T VAESSVIE 35/4{13 nov
SHMPLE TEMPEARTIEE _ S ROC e
Samﬂle. Moldew 25wt diza X 10! g .1.3;
(8 )
V‘av‘l 1£7 D.LMG-VLSLOVLS' (5//6)
Oversll Ha.xa_ld" 1 "qT %)
reL 3/ No. & . ‘e g (2%
0
72 )3 No, &/ (e ze 4
27 (/8 )
7C3 2*ey  No. Y J n::a___f
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Contaiumentr $9
TC S sf'imm 3%l N . Lo oo Ay

TCC (LSt 33l WNo. L2S. 2o

Pressuves TW% ge
ﬁw—gz _FO _ pei Lo CalLFac 15 Vo
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Souvee Betr _INFuem LR Y 64 RBotrwn 607% 12-21-42
Ve dyiad %_ {cve.e.,ng__é +LW°U?'&E )iomqé‘

S;M/;/:a Wéd" So.i6 S'Cv. L34

Sample H5+ SHe fwami‘o/:‘
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T es Torod=l

Coalevlathon o4 ‘SW/"“ Sfocked /9e-omr/_7{)/

| 2
] Samyle_,wgf
ya
’ L MG-:. S0, 96 g1

(et > ——

P 23" i

. 4.0 smeh JO0/l. 6 Pt

a 0.J9 el )8~ vt

w /)b )MLLL 7-9 it vt

Lg = A= (a+w) = 78 7 sy

VSE NRIMENSIONS IN (mms)

v, = 7_:_9‘ kg X1077 s 37,63 L3

Pa-r-km—a: Rensity = Ms - Sv. 46 = LI/ gt
Ve 37,63 C.M3
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1.0 JINTRODUCTION AND SUMMARY

This report presents the results of the second test conducted in a
series of tests directed by Westinghouse Hanford Company (WHC) in Ref. [1].
For the record, Ref.[l] is included as Appendix A. The test discussed in
this document, designated as T0128-1, is a ferrocyanide reaction propagation
rate determination test conducted under an inert argon atmosphere of 52 atm.
abs. (745 psig). The test was conducted in a 4 L containment volume
described in Section 2.0. The test sample was dry In-Farm 1 bottom flow
sheet material described in Section 3.0. The test protocol was similar to
that described in Refs. [2 and 3]. However, as requested in Ref.[l] sup-
plemental gas sample taking procedures were prepared and followed as
described in Section 4.0 and Appendix B.

Test results showed an inverse reaction propagation velocity of = 2
sec/cm. This is about two times faster than observed with the same material
under a pressure of 10 atm. abs. and about four times slower than observed
in a prior test at 50 atm. pressure using VWW sample. Pre- and post-test
gas samples were taken and have been forwarded to WHC for further analyses.
Details of these results are presented in Section 5.0 and compﬁrisons with

other similar reaction propagation rate tests are discussed in Section 6.0,

1-1
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2.0 TEST EQUIPMENT

The overall test equipment configuration is shown in Fig. 2-1. This
configuration is similar to the configuration used in earlier tests, Ref.
[2]. The 4 L containment vessel and environment thermocouple locations are
shown in Fig. 2-2. Fig. 2-3 shows details of the 25 mm diameter sample
holder. The sample holder is a 0.002 inch thick, type 316 stainless steel
sheet rolled onto a 25 mm diameter mold, spot welded to hold a round tube
configuration and ¢trimmed to 4 inches in overall 1length. This tube
(considered to be disposable) is slipped over the base stand as shown in
Fig. 2-3. Afﬁer the sample tube is filled with the test sample material, a
spiral heater coil is positioned on the outside of the tube wall and type K
thermocouples of 0.020 inch diameter are located at the indicated axial

elevations.
2.1 eactio on_Source

The use of a barium peroxide and aluminum mixture has proven to be an
effective starter for the ferrocyanide reaction. This starter mixture can

be ignited with a hot wire. The stoichiometric reaction is written as

3880, + 2Af -  3Ba0 + AZ£,04
(169.34) (26.98) (153.34)  (101.96)

Numbers in ( ) under the above reaction represent the formula weights of the
reactants and products. Thermochemical evaluation of this stoichiometric
relation indicates the heat of reaction is estimated to be -338 kcal/g-mole
BaO, or = 9.5 mJ/kg Ba0O,. The estimated reaction temperature increase is of
the order of 2000°C. This reaction is used to initiate the thermite reac-
tions (Fe,04 + 24f -+ 2Fe). The barium peroxide-aluminum reaction as written
does not appear to be gassy. Barium oxide, mp 2000°C, bp 3100°C, appears to
be quite stable (A£,04 has a boiling point of 2900°C). However, BaO, 1is
reported to decompose to Ba and O, at 800°C. This could be a source of gas,
albelit small, for this ignition method. The barium peroxide/Af starting

2-1
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7/8-8 UNC-1B-RH
3-1/2” Deep on

WHC-EP-0661

12”7

9” BC 30 Pitch
2 sides
J
' A
—+- -
. 1-9/1 e"|
wm
2-1/4” ‘ ® . | l
== | ___| TC6 4-1/4"  8-3/8”
Dill through | 41
. 21/64” Dia., ¥
Tap 1/8 NPT - + T
forE& G Dill through
| A
Dill & Tap l ap
1/2:13-UNC-1B-RH, . TC5 for B,CD,F1&
1-1/2” Deep ® !
forAH& K 1
| : 1.9/16”]
i
TCS - Location 1/2" Off Bottom and 1" from Wall.
TC6 - Location 1" from Top and 1" from Wail.
MG932027.CDR
Fig. 2-2 High pressure containment vessel usgd for burn velocity

tests.
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Sampie Holder Tube
25mm Dia. 316 SS
(0.002 inch Wall)

Eftective Volume 40cc

Igniter,

Ref. Elevation 0.00

1 TO.375"(9.5mm)
20.5mm

Sample Holder Tube

Heater
0.060 ‘inch Dia. x 16 Turns
3201 E 1.18"(30mm)
.“-" 30mm
=4
~ 2.36"(60mm)
20.3mm

4

t 316" (80.3mm)
\—3.14"(86.6mm)
)]

0.59° (15mm)1—
| TE

Base Heatear —_—— : i
0.060 inch Dia. x 5 Turns TC No.s:1,23 &4
. Type K. 0.020 inch Sheath,

14 Q)
Ungrounded :

3/4-10 Hex Nut
(Modified as Shown)

25 ma diameter sample holder used in burm

Fig. 2-3
velocity tests.
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mixture will be separated from the ferrocyanide column by a thin aluminum
foil. The ignition method has been used as described in previous propaga-
tion rate studies, Ref. [2].

2-5
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3.0 TEST MATERJALS

The test sample used in this test, T0127-1, was In-Farm 1 bottom flow
sheet material received from WHC. The material was vacuum dried and then
sieved through a 140 mesh U.S. standard screen having a 106 p mean particle
size. The test sample assay is estimated to be as stated in Table 3-1 based
on information provided by WHC.

Table 3-1
Material Assay of
In-Farm-1 Bottom Flow Sheet Sample

Material Wt. &
--Fe(CN),4 26.0
NaNOg4 50.0
NaNO, 12.2
NagPO, 5.2
Na,SO, 3.8
NiS —2.8
TOTAL 100.0
Fuel/Oxidizer Ratio .418

--Fe(CN), 1is estimated to be
93.8% Na,NiFe(CN), and 6.1%
NaCsNiFe(CN),.

The test sample charge was 49.8 gm packed in the sample holder to a
packing density of 1.33 gm/cm®. After the ferrocyanide sample was loaded
and packed, 4.4 gm of barium peroxide/aluminum igniter mixture were placed
in the top 13/32 inch of the sample holder in a thin aluminum foil pan.

/ The final as-tested sample parameters are summarized in Table 3-2
below.

3-1
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Table 3-2
Final As-Tested Sample Parameters

Test Sample InFarm-1 Bottom per Table 3-1

Water Content Dry

Particle Size 106 u

Sample Packing Density 1.33 gm/cm?

Containment Pressure 52 atm abs

Sample Holder Diameter 25 mm

Pre-Test Sample Temperature:
TCl TC2 TC3 TC4
46°C 68°C 69°C 50°C

Pre-Test Conta ent Volume Temperature and Pressure:

TCS TC6 P
22°C 29°C 745 psig

In addition to the physical test sample parameters, Table 3.2

lists

the actual pre-ignition test conditions as recorded just prior to the sample

burn.

3-2
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4.0 TEST PROCEDURES

Procedures identified in Ref. [3] and Appendix B were followed in the
conduct of the test. Pre- and post-test containment volume gas samples were

taken, identified and forwarded to WHC for further analysis.
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5.0 TEST RESULTS

5.1 o) tion Rate t

The thermocouple data which indicate the linear reaction velocity are
shown in Fig. 5-1. Table 5-1 indicates the various speed measurements which

can be obtained from these data.

Table 5-1
Reaction Speed Data for Test T0128-1

TC#  Location* Time Reaction Propagation Rate
mm sec
TCl 9.53 16.6 TCl - TC2
6.88 mm/sec
TC2  30.16  19.6 ' TC2 -+ TC3
4.59 mm/sec

TC3 59.53 26.0 TC3 = TC4

5.19 mm/sec
TC4 81.85 30.3 TCl - TC4

5.28 mm/sec

*From top of sample holder.

An overall average reaction velocity in the 25 mm diameter sample holder at
53 atm. abs. is = 0.53 cm/sec. (31.8 cm/min).

Thermocouple TG3 showed a response coincident with TCl. Similar
erratic behavior has been noticed in prior tests due to melting sample or
initiator eruptions. However, a second response of TC3 at 26 sec. (see Fig.
5-1) is taken as the best indication of the reaction front passing. As can
be seen from Table 5-1, this judgement leads to a fairly consistent estimate
of speed between TC locations 2 and 4 (good response locations). The
average reaction speed between TC2 and TC4 is 4.83 mm/sec. The overall

5-1
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average of 5.28 mm/sec is a result of the faster reaction velocity between
locations TCl1 and TC2. This may be a result of an initial "kick" provided
by the hot initiator.

5.2 e Conta e onme esponse

Fig. 5-2 provides the overall containment pressure and temperature
response. The 1location in time for the post-test gas sample is shown in.
Fig. 5-2. Fig. 5-3 shows an expanded scale for the containment ther-

mocouples.

5.3 Post-Test Observations

This sample did not burn as hot as noted in Ref. [4]. The long term
cooldown containment pressure was 779 psig * 2 psig at a temperature of 25°C
+ 3°C. This represents an isothermal containment pressure increase of = 779
psig - 745 psig = 34 psig. Note that a post-test gas sample was also col-
lected representing 50 cc volume at = 937 psig.

5.4 Gas Evolution Assessment

In this test, T0128-1, the containment volume was not vented (except

for the gas sample) until after the temperature cooled down to 25°C. At
this time the containment pressure was recorded as 779 psig. The isothermal

containment volume pressure change was

Post-Test pressure 779 psig

Pre-test pressure 795 psig
AP = 34 psig

One can estimate the gas evolution from the reaction according to an ideal

gas relation such as

&g_%‘z+%¥ (5-1)

5-3
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assuming constant temperature where

n is the number of moles of gas
P is the pressure '

V is the containment volume

The first term on the right-hand side of Eq. (5-1) is evaluated wusing

test pressure data as

e _ 34 )
P~ (745 + 14.7) ~ 0-0448

The second term can be estimated from the 4 L containment.volume and the .05

L gas sample volume as;

av _ .05
v -4 - 0.0125

Theréfore, the net relative change in moles of gas is estimated to be
€0 - 0448 + 0125 = 0.6575
The initial reference moles of gas
n = 527 x 52 = 9.286 mole
so that the new gas evolved is
An = 9,286 x .0573 = Q.532 mole
One can compare this to the initial inventory of ferrocyanide.
The InFarm-1 bottom sample is 26 w$ ferrocyanide of which = 94 ws is
Na,NiFe(CN)qy, (Mw = 316) and = 6 w$ NaCsNiFe(CN),, (Mw = 426). The total

sample charge for test T0128-1 is 49.8 gm. These considerations lead to a
total of 0.0403 mole of ferrocyanide. '

5-6
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The ratio of the estimated moles of new gas (0.532) to moles of fer-
rocyanide (0.0403) is given below as '

moles of gas evolved _ 0,532 _ 13.2
moles of ferrocyanide .0403 ’

This measured ratio compares favorably with theoretical estimates of between
12 and 14 moles of gas for ferrocyanide oxidation reactionms. -

5-7
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6.0 COMPARISON WITH OTHER REIATED TS

Table 6-1 shows a comparison of results from the present test T0127-1
with other In-Farm 1 bottom reaction rate results previously reported in
Refs. [4] and [5]. '

Table 6-1
Comparison of Related Propagation Rate Tests

Reaction
Initial Specific Propagation
Test Material Pressure Temperature Gravity Rate
atm °C cm/min

T0727-1 IF1B 1 26 1.23 10
*T0127-1 IF1B - 10 60 1.26 16
TC819-1 ‘i 50 60 1.25 132
**T0128-1 - ~IF1B 53 60 1.33 32

*Ref. [4]
**Subject of this report.
IF1B - In-Farm 1 bottom flow sheet material.
VWW - Vendor supplied material.

6-1
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H. K. Fauske 9350199
Page 2
January 12, 1993

Photographs are requested of the deposits inside of the chamber after the
test. The filter papers and Q rings from the aerosol filter should be
weighed (to four significant figures) before and after aergsol Toading to
determine the ma:s o; aerosol collected. (Rental of a balance, as
necessary, to make these measurements is approved. uartz fil

will be used and should be handled with twegzers o%]y? sinée sogizmp:g:rge
picked up from human hands. Filter paper holders have been provided to you
for handling and shipping purposes.

It is desirable to make a material balance on the cesium and other metallic
elements during this test. The inside of the chamber should be lined with
aluminum foil to collect any cesium plate-out on exposed surfaces. The
aerosol should be removed from the vent gas by filtering, and all of the
remaining solid reaction products should be weighed. The gas samples,
loaded filter paper, solid reaction products, and foil liner should be
:et:rned to WHC for analysis as soon as possible after completion of each
est.

Perform the second aerosol test at an initial temperature of 120 °C but with
all other conditions kept the same as the first test; the same data
measurements should be made. It is expected that the 1 wt % water added to
the test material will be retained within the sample at 120 °*C up to the
point of ignition of the second test reaction. '

Please submit the aerosol propagation test procedure for WHC approval prior
to conducting these tests.

It is requested that you perform one additional propagation test at an
initial pressure of 10 atmospheres absolute using an argon environment. Use
dry (0 wtX water) In-Farm-1 bottom fraction material for this test, the

25 mm diameter test bed, an initial temperature of 60 °C, a specific gravity
of about 1.2 (actual density measured), and a particle size as screened
through a 140 mesh screen. This test can be conducted in the 49 liter
chamber, if you choose. Obtain a gas sample of the containment atmosphere
before and after the reaction. Please provide a detailed gas sampling
procedure for approval prior to conducting this test. Use of the WHC-
provided samplers (NUPRO) with end caps to provide a second seal and to
protect threaded connections is requested. Please report the resuits of
these tests, including the temperatures of the chamber gas as a function of:
time, in a summary report, available for public release.

Please provide measured gas temperatures within the containment atmosphere
(and provide the location of the thermocouples) as a function of time for
each propagation test conducted to date with the disodium mononickel
farrocyanide mixtures. The gas temperatures and pressure measurements
during the reaction time and during cocling time are desired. Temperature
and pressure measurements of the containment gas atmosphere are also needed
at the time that the gas samples were/are obtained. Your prompt response to
this request for tests completed to date would be appreciated.
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About 1.4 kg of additional In-Farm-1 bottom fraction simulant material was
shipped to you on January S5, 1993. The composition of the In-Farm-1 bottom
fraction simulant is still being determined by laboratory analysis and wil]
be provided to you in the near future so that the final six screening
propagation tests can be conducted. About one Kg of U-Plant-1 sludge will
be prepared and shipped to you for the bake out tests discussed at the
December 9 and 10, 1992 meeting at Hanford. Additional gas sampler (NUPRO)
containers are also being shipped to you.

For your information the gas analysis of the containment atmosphere gases
for four propagation tests conducted previously are listed in Table 1. It
should be noted that analytical results of two of the pretest samples
indicate that there is a concern about the initial condition of the test
" chamber atmosphere. Either the gas sampling was not conducted properliy or
%he]containment atmosphere was not adequately purged. See footnotes of
able 1.

Please address questions to 0. W. Jeppson at (509) 376-6058 or to me at
(509) 373-3132.

’;,very—tru1y yours,

R. J. Cash, Manager
Ferrocyanide Safety Technology
Tank Waste Remediation System

fm
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(8" from Top, 3 " Inside)

|

, |

! || Atmosphers Thermocauple
f

I

Filter Holder

|
|
|
l ¢/ /Ball Valve
|

|
| Qrifice
|
!

{ Aerosal Inlet at
| center of Chamber

Atmosphere Tharmocouple
(8" from Sottom, 3" [nside)

; 49 Liter Vessal
i 12" ID x 0.375" Wall x 26.5" leng:h
; with 150 lb Flanged Ends as Shown
/  with 25 mm dia x 100 mm long Sample Holider

Tigure 1
A@rcsol Test Cantainment Vessal
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SUPPLEMENTAL._PROCEDURE FOR TAKING PRE- AND

POST- CEL]. CONTAINMENT GAS SAMPLE
(REVISED: 26 Jan 93)

1.0 ODUCTION

This operating procedure covers the taking of test cell containment gas
samples for ferrocyanide reaction rate propagation tests conducted for
Westinghouse Hanford Company and supplements the general test procedures as
defined in Ref. [1]*. The procedure is designed to provide consistency and
uniformity in the gas sample taking operations and minimize the potential

for unwanted leakage or other sources of loss of data.

2.0 PROCEDURE

This procedure is subdivided into four parts. Part 1l defines the pre-

- test sample cylinder preparations and test cell containment purge. Part 2
define the pre-test gas sample taking activity. Part 3 defines the post-
test sample taking activity. Part 4 covers the gas sample identification

procedures.

2.1 PRE-TEST PREPARATIONS

Use only gas sample container provided by Westinghouse Hanford Company

NUPRO style with special end caps) for this ose. The test cell and gas
sample 1installation will be configured as shown in Fig. 2.1-1. However,
prior to achieving this configuration both the containment volume and the
gas sample cylinder connection lines must be prepared and checked for leak

tightness,

%, FAI/92-66 (Revised), "Test Plans and Procedures for Determination of
Reaction Propagation Velocity in Sodium Nickel Ferrocyanide Compounds”,
(July, 1992).

L | - .-B-2 .
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In Line
5 micron
sss Filter
Post Test Sample
Containment || D@ Ple)
Volume Vs V3 Gas Sample Cylinders

WHC Nupro Style

(Pre Test Sarﬁple)
Vy

HF931023.CDR

~ Figure 2.1-1 1Installed gas sample cylinders.
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2.1.1 GAS SAMPLE CYLINDER

(1) Label gas sample cylinder and valve.

Label 1D PreTegsft FuI-3 // 7557 Tes = FHI-6

Date of this verification ”J?ﬂ;‘_« 73 bl
(2) Prior to test purge two cylinders for each test for five -
cycles and for each cylinder end the last cycle with a 30
min evacuation:
(2.1) Label each gas sample cylinder with test ID number
and designated pre- and post-test sample. el
(2.2) Purge and evacuate with gas sample cylinder con-
figured according to Fig. 2.1-2. -t
VACUUM HOLD
MIN TIME CYCLE  vacuuM  EILL
10 Ch ‘2 to eeo'ro 1 28 12 piie
10 £4/52 w0 L2710 2 287 (o 4516
10 D74l o &2/ 2y 3 2P ’ lopné
10 7.4 to plio 4 2p” Louné
30 2L o BF3Y 5 27" X

(2.3) At end of purge, cap gas sample cylinder until
ready for use.

2.1.2 CONTAINMENT VOLUME

The containment volume fittings and flanges should be checked for 1leak
tightness at some time prior to testing. This section of the procedure

assures a proper argon test atmosphere and verifies the leak tight status.

Prior to the test (propagation reaction rate test) the containment
volume should be 99.9% argon or better and be set at the prescribed test

pressure. Since on-site analysis of the containment environment is not
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{

to Argon Supply

to Vacuum Pump

V
Evacuated V, Compound 8
Gas Sample Gage or
Cylinder Manometer : HF931029.CDR

Figure 2.1-2 Configuration of gas sample cylinder
for purging and final evacuation.
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possible, the desired argon acmbsphere will be established by a five cycle

evacuation and argon fill procedure.

Purging of the containment volume should be completed just prior to the

test activities. The purge configuration is shown in Fig. 2.1-3.

procedure is as follows:

(1) Attach prepared gas sample cylinders to valve V2 per

Fig. 2.1-3

(2) -Set up for pﬁrge per Fig. 2.1-3.
Valve Configuration -

Vi
v2
V3 & V4
V5 & V6
V7 & V8

(3) Purge cycle - record pressure readings.

Open

Open

Closed

Used for purge cycles .

Open

SICLE VACUUM

1
2
3
4
5

2

RERK

The purge

FILL
20 PSic-
/0 FSI6-

Lo FPS/C
Lo £s5/6-
—_— e 75‘0/1%

(4) At end of purge cycle: Close V2 and V7 remove manometer

or low range pressure transducer and cap valve, V7.

(5) Pressure containment to test pressure and check for leaks -
must hold pressure within 2% for 1 hr (Note: if Yeaks are
discovered and cannot be fixed at pressure, reduce pressure,

fix leak and repeat purge procedure).

[> =)
)

-6

hol
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Vs
Lo Range v to Argon Supply
Pressure Transducer 1
or
Manometer
to Vacuum Pump
Ve
Filter e
r L\ CHD
Vy V3 Gas Sample Cylinders
WHC Nupro Style

HiRange  containment

Pressure
Transducer Volume

HF931021.COR

Figure 2.1-3 Configuration of test apparatus for purging.
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2.2 -TEST G P NG ACTIVI

o'
'WM (@9 ontainment vessel is leak tight and at pressure.

/f Record: Pressure 770 LR 7 —
7p{ /« Temperature _/¢J_ 0% 7C& RO °C

(2) Open V2 and V3 - hold open for 30 sec.

",{3})" Record containment vessel.

Y
g{y /1‘;?;,«« Record: Pressure 7-5';/ IZ /Jlﬂ
{’ﬂ Temperature Z¢&J /7 °C JC6 /7°¢

(4) Close V2 and V3. Adjust containment vessel pressure if
required.
e e aqd cap-gas s e nder~
(6) Attach properly labeled post-test gas sample cylinder
to test apparatus per Fig. 2.1-1.
(7) Run test per established test plan.
2.3 - ACTIVI

(1) After test burn is verified as soon as practical -
Record: Time After Start of Test

3}”& Pressure

P

B-8 .

i



2.4

(2)

(3)

(4)

(5)

Verify pre- and post-test gas sample identification and transfer -

__WHC-EP-0661

Temperature

Open V2 and V3 - hold open for 30 sec.
Record containment vessel -

Pressure

Temperature

Close V2 and V3.
Remove and cap gas sample cylinder.

CATION V CATION

data to following summary table.

B-9
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G AMPLE SUMMARY DATA SHEET

1EsT 10 __J_O/RF~( paTE _ RSS20 7T

PRE-TEST GAS SAMPLE:

(a) Gas Sample Cylinder Identification: =y 7

(b) Cylinder Volume: __S & €C

(¢) Test Label as Shipped: 70/2 8~/ /ﬂ57'¢:—J7— Gots Spprreis
Coxlomerv Fiesne = 750 P
FRT Z¥2/7 L _

4 7 _ 5
(d) Pre-Sample Pressure: VW / #& ﬂrén - }é ’“""[L‘ T
(e) Containment Volume: P‘tessure Tenfperature
Before Sample: ‘ 772 751 ' RO °C
After Sample: - 757 Z:[;_ - '_Z_/ ’.__C. e
POST-TEST GAS SAMPLE:

(a) Gas Sample Cylinder Identification: /:ﬂ &

’ (b) Cylinder Volume: $Pce

(c) Test Label as Shipped: _/_2/RP~/ Fos7 7esr Gﬁ.c_&_z
Lo Foopyrer Sesrove, 2 770,25/

L2 Z 273/4
/4 + |
(d) Pre-Sample Pressure: y‘(_'— / A/g., - 4 I“—C—ZY#
/
(e) Containment Volume: Pressure Temperature
Before Sample: 72%6 rstp re e M’yo’c

After Sample: zé Z ﬂtf\ 7 cs

B-10
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Data Sheaat Form L-001
Reaction Propagation Tast

Date _ _ _ _ _ _ ____ RE o 73
Test ID _ _ _ _ _ _ ___ T ¢ 128~/
Material - Tu Farmn L Potterre
FLll Height _See. oAata cheed
Mass 44./ q
Initial Pressure 7¥¢S 2L
Initial Temperature _40°C prminnd
Final Pressurs 77 L
Final Gas Temperature/Time R3¢ /
Test Configuration H%""z&

Iige, if ves
Gas Sample Yes [X] .No []
Residue Sample Yes [] No []

Test Notas TM'M/"‘:‘J 4 ~o
M M&Q/, ?/M&fzo—v\r

caldac Ty

Sampis Hetder Tude
mm Dis. 310
(0.002 mch W

Gitestive Sampie Voume

ionuer, Samopls Density

Note Any X
Configuration - - B—=1. 18°(30mm)
Changes.

Sase Heater TC, No.s: 1,23 84

Type K. 0.020 mch Sheatn,
ounded

314-10 Hesz Nut
(Moired a8 Shown)

L=<
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Sample Holder Tube

25mm Dia. 316 S8

(0.002 inch Wall)
Eftective Volume 40cc

Sample Holder Tube
Heater
0.060 inch Dia. x 16 Turns

32}

°{101.6mm
3.41° (86.6mm)

0.59° (15Smm)

Base Heater
0.080 inch Dia. x 8 Turns

14 ()

Fig. 2-3

4 . )
:{‘.“4‘. i ‘ V"."A
t‘ % 5 "".’

igniter,

Ref. Elevation 0.00

"1 —r—0.375°(9.5mm)
20.5mm

1.18"(30mm)

30mm

3131~ 2.36° (60mm)

20.3mm
i_3.16°(80.3mm)

\-3.14"(86.6mm)

TG No.s:1,23 & 4

Type K. 0.020 inch Sheath,
2 Ungrounded

& ——

3/4-10 Hex Nut
(Moditied as Shown)

25 dismeter sample holder used im burmn

velocity tests.
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AY dam. 1493

WHC PROPALATION T&a&r7 & Tol2zF-1

TEIT PRESVRE _ _ o o o — — _ _ X?ae

Srmpre TEMIERRTVAE _ . 0 i o e . 60O°C
S:h//c. Aé/&é//-‘ 25wt dia X 101 memn ,La\
/3
( )
sz 1Ly 'clnme.m..nou.'. %02 )1 r
T--;: 225 P
£ 197)
ovwal,( )'LQ.LS'\'\:\. : L '
. &%)
Ted e Moo _3€ (%o Lo
TCZ [ F FRM TP A 29 ' oL
TC3 R '?73 FRoM T3P Mo, /o — __'_q'——}" ﬂ
7Ct  HalRoh Barom Mo IO S Loy -~
: 7S .
Con Fain mend ! 4L, a
- am BoTT ' i
| e s ﬁ'gf'cv;u}@:m wo Me. 124 boto -

TC 6 J"FRuM TeP gnbp WALl No. /68 ‘bo,o

Pve-d‘.ru v vadu&w

| Hté.l«, \ﬂa.«?e- J250e0  psi £ Col Fac 28022 i frolt

Saom le : INFRRM —~L RBottown 0% water
Souvce Zef i INFRRM IR~ REY- LB BoTTom 60°76 1221~

Sample Wat 47.8 o s, 133
Sw/e— hblﬁfdb{‘ /:?/32 gvam‘{'v'o

rﬁm;]"u waj- 4.4 7.&




Da+te —Zf'g/a-vg?j

Caloclaiwn o) Sammipals, Test ToOl!2Z/ =]

BN TN 7
Faohogl ﬁ%gt ;.
e~ p i//
iR
SL00 SN Sample wot.
A L
1/4 ‘
| L My A0V

D 235 wmw

A 4.2 el 1oh b pum
L 259 il /872 o
w_ 1r el 4003 w1 1

he = L = (oatrw) = 763

vse, dimensionts Jvt  ( wming)

V,; = }_Z_Q_z ,L.s J/Q-'g 370'7‘5, g_m‘?
y
Packing Density = s 9.7 = 1,33
Ve 3245 -
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