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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. [l]. For the record,
Ref. [1] 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 1l-1 are

consistent with other related observatioms.

Table 1-1
Summary 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 TEST EQUIPMENT

2.1 Test Equipment

The overall test equipment configuration is shown in Fig. 2-1. This
configuration 1is similar to that illustrated in Ref. [1], but features a 49
L containment vessel. The containment vessel and environment thermocouple
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 calibrations 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 1length. 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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Fig. 2-2 40 liter containment vessel.

12" ID x 0.375" wall x 263" 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 Wail)
Ettective Volume 40cc¢

Ref. Elevation 0.00

—— 2 ==
Sampie Holder Tube 0.375"(9.5mm)
Heater L -
0.060 inch Dia. x 16 Turns L E 20.5m
320} E o L 1.18" (30mm)
£ o
-3 30mm
9 »
>~ ;. L 2.36"(60mm)
v 9 20.3mm

L3.16' (80.3mm)
\—3.14"(86.6mm)

)
i
P 5o
> :
—~ Zin
152 — s
’ el e

0.59° (15mm)I_

——
‘ Base Heater ——— .
0.060 inch Dia. x 5 Turns TC No.s:1,2,3 &4
14 () Type K. 0.020 inch Sheath,
AT Ungrounded
> —
wasieder ¢ 3/4-10 Hex Nut
(Moditied as Shown)
Fig. 2-3 25 mm diameter sample holder used in burn velocity

tests. Sample inventory =~ 45 to 50 gm.
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Since material balance considerations will be emphasized 1in 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 &m
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)4). These samples contain a
trace amount of CsNiFe(CN)6 (= .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 dation Reactio

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), + 6NaNOg - 4Na,0 + NiO + 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. fraction 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 tio ou

The wuse of a barigy 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, + 2A2 -+ 3Ba0 + A2,0,4
(169.34)  (26.98)  (153.34) (101.96)

Numbers in ( ) under the above reaction represent the formula wéights 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 temperature
increase is of the order of 2000°C. This reaction is used to initiate the
thermite reactions (Fe,0, + 2A2 -+ Af,0;3 + 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 (A2,0, has a boiling point of
2900°C). However, BaO, is reported to decompose to Ba and 0O, at 800°C.
This could be a source of gas, albeit small, for this ignition method. The
barium peroxide/Af starting mixture will be separated from the ferrocyanide
columm by a thin aluminum foil. The ignition method has been shown to be
effective in previous propagation rate studies, Ref. [2].

3-2
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4.0 TIEST PROCEDURES

4.1 Test Protocol

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 gm @1.2 sg.
(e) 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 Grav ¢ Ana

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 0-ring to four significant figures. A calibration record for the scale
is included as Appendix B.



WHC-EP-0661

ed Ve

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 e ut

The following procedure steps were followed in the execution of the

aerosol tests. Completed test data sheets are included as Appendix C.

Preliminary: Test ID # 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]

4-2



WHC-EP-0661

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
e insulation

Record assembled weight.

7. Prepare a two to four gram charge of
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).

Eilter Preparation

8a. Weigh clean unused filter element.

8b. 1Install in filter housing per Fig. 2-4
taking care to use only tweezers.

Vesse epara
9. Containment vessel fittings and seals
have been previously checked for leak-
tightness.
10. Containment vessel is open and cleaned

of all prior test residue.

4-3
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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 internal connections.

Install igniter mix and igniter.

Take photograph of sample holder.

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

Filter element

0-Ring

Filter Element
+ O-Ring

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

Cycle Vacuum “Fill
1 — e
2 —_— .
3 —_— —_—
4 —_—

Test
Pressure
5

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

Record pressure.

Hold test pressure during instrument
checkout.

4-

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

allignment. O

Check proper calibration setup. [___l

Notes
16. Verify containment is holding pressure. D

Sequence

17. Verifyr 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°c

TC #2 ___°c ___°c

TC #3 °C -—cc

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. D
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.
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Step Activity Record or Check
25. When containment pressure has fallen to
0 psig close filter vent. D
26. Stop data taking. E]
ogt- t

27a. Weigh filter paper and O-Ring and

quickly....
27b. 1Insert in filter paper holder for

shipment and label with test ID #. E]
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. E]
31. Clean test apparatus and prepare for

follow-on test. E]

4-6
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5.0 TIEST RESULIS

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

lest Temperature  ___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 Qverall Containment 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)
Location* Time Reaction Propagation Réfe
mm sec
TCl 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

*Result discounted due to faulty TCL.

5-4
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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
TO727-1 IF1B 1 26 1.23 10
*T0127-1 IF1B 10 60 1.26 16
TO819-1 ww 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.

5-5




WHC-EP-0661

dNd L
0s1

J.

0¢

00T

067 007

00¢

*(PWEl 3aoys) [-60Z01L 15931 03 3suodsaa juswuieluo) £€-6 314

901 ‘SOl ‘d ‘SA FNIL

(0dS) dANIL

08 oL 09 0¢ ot 0o¢ 0t 01 0
I L L L L I LA L R RO LS BN B BRI

- . Moutos muh .LJ
B / _
[ N
L —
B ONILNAA ~
L ¥aL14 » . -~ |

40 1uVig o 931

........ §01

1-8070L GYOANVH

ov 0¢ 0?
DISd SHdd

0¢

09

5-6




WHC-EP-0661

dNdl

J.

g-¢ *9§d JO 2[EIS BWI] 110ys uo 23S g°gll 01 Spuodsai10d 2andy}
STyl uo awyl () 910N ‘(21edos aupl Suol) [-§0Z0L ISI 031 asuodsal JusWUTEIUOY v-G 314

931 ‘SOL ‘d ‘SA FNWIL

(0ds) dNIL
.,cooﬂ 0
o[ T T T 1 ! e
o _
o | ]
/r.l' A ]
- — o
[ _
o [ . ]
[ d foo |
w [ ....I pig
o 1 e
b ‘-ll..
T hl
o [ =y
o [ L
- ] w
» - o
L F 2
o |[— _
o0 B o
o — : 1d e
O 901
........ §01
1-80701 AYOINVH

DISd Sddd

5-7




*(awT1 310YS) [-60Z0L IS91 031 3asuodsal Juswuieluo) ¢-¢ 314

901 °‘SO1 °‘d "SA dNIL

(0dS) aANIL
0L 09 0s 13 4 0¢ 0¢ 01 0.
o F_ L _ I _ T 1T 11 _ T 1T1 _ ' T 11 uﬂ e s _ 1 ..l o
- ; .
- [ .” i
3| i i
S
- ) 'S
— | = . T o
2 - i _
9 © |— ) i
W (=1 O . \...« g v [ o]
-3 - > ¢ — .
%) : b~ T.]
x m — ! es)
= - N -—
el w @
v o | — &
- - o
. B | w
o o - - P _ Q
o |— et
S :ot.o-,mu.— ]
|— — N
| o
o _
w L
o | —
N ONILNIA A
| doy 931 LETRPE
| 40 Luvi 7]
o . 1d o
O 931
........ £o1
1-60701 GQUO4NVH




WHC-EP-0661

dNE L

J.

SIYl uo awyl ( IION

ot

oF

0¢

09

0L

*G-G 814 JO 9TeOS QW) J10YS U0 IIS §°7zZ1 03 Spuodsairiod aan3i}

1-60701L GQUYOJNVH

*(@1eds awf) Buoyl) [-6070L 3523 03 3suodsai Juawuiejuvo) 9-¢ 3714
931 ‘SJO1L °‘d 'SA HNIL
(0d8s) ANIL
00¢t 0
T — T 1°
L —_ W
- — o
| N, |
- ek
[ ]
- R
- .| ©
- o
| I.H o
— « nf bt
- ~ w
rll —_—)
. 1d e
O 931
........ £J1

DISd S3YUd

5-9



WHC-EP-0661

two environment thermocouples, it is 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 gés 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 0 e o

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 sample 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 Querall Material Balance

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

sample weighings are summarized in Table 5-4 below.
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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 1008 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.
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Letter; R. J. Cash to H. K. Fauske, "Subject: Aerosol Propagation
Tests and Parametric Pressure Propagation Test®™, January 12, 1993,

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

FAI/92-81, "Adiabatic Calorimetry and Reaction Propagation Rate Tests
with Synthetic Ferrocyanide Materials Including UPlant-1, UPlant-2,
In-Farm 1, In-Farm 2, and Vendor-Procured Sodium Nickel Ferrocyanide",
July, 1992.

FAI/93-12, "Summary Report on Parametric Pressure Propagation Test
TO0127-1", Jan., 1993.

Letter; H. K. Fauske to R. J. Cash, Subject: "Status Report on

Reaction Propagation Rate Tests with Synthetic Sodium Nickel
Ferrocyanide Material”, September 21, 1993. .
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Westinghouse
Hanford Company

P 0. 80z 1970 Rchiang, WA 39352

January 12, 1993 / 93501359

Or. H. K. Fauske, President
Fauske and Associates, Inc.
16W070 West 83rd Street

Surr Ridge, [1linois 60521

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

Please conduct two aerosol tests and one parametric propagation test for the
Ferrocyanide Safety Program at Hanford. The aerosol tests are expected to
give a reasonable release fraction of aerosol particles from reaction of the
most concentrated ferrocyanide waste simulant, [n-Farm-1. The parametric

pressure propagation test will give a prapagation rate measurement for an
intermediate pressure.

Perform the first aerosol release test using In-Farm-l bottom fraction tast
material in a similar configuration as the propagation tests, except the
aerosol taests shall be conducted in the 49 liter chamber. Use vacuum dried
[n-Farm=1 simulant to which 1 wt% watar is added and well mixed in arder to
permit possible conversion of the cesium to casium hydroxide during the
reaction. [nclude thermocouples in the tast material and within the champer
atmosphere to measure the propagation rate ind containment gas/temperature
responsas. Perform the first tast at three (3) atmospheres initial absoluta
pressure under argon with delayed exhaust gas venting through a filter to
collect aerasol as shown in Figure 1. Other parameters should be as
follows: a 25 mm diameter test material cylinder about 100 mm long, a 60 °C
initial temperature, dried material (reconstituted to 1 wtX water) screened
through 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 decreasa
in chamber pressure aftar the reaction is started (estimated to be about 30
saconds after start of the reaction). Controlled venting down to
atmospheric pressure, through an orifice upstream of the filter housing,
will protact the filter system and provide favorable conditions for
obtaining a good aerosol sample. The arifice should be sized to controi 1
maximum flow through the filter of 0.5 c¢fm. [t is important that
Westinghousae Hanford Company (WHC) simulant be usad instead of vendor-
produced material because the WHC simulant has traceable cesium in it ind
the vendor material does not.
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gégz.zFauske 3350199
January 12, 1993

Photagrapns are requested of the deposits inside of the chamoer after the
rast. The filter papers and Q rings from the aerosol filter should be
weighed (to four significant figures) befare and after aerosal loading to
detarmine the mass of aerosal collectaed. (Rental of a balance, as
necessary, t0 make these measurements is approved.) Quartz filter pagers
will be used and should be handled with tweezers only, since sodium can ve

picked up from human hands. Filtar paper holders have been provided to you
for handling and shipping purposes.

It is desirable to make a material balanca on the cesium and other metallic
alements during this test. The inside of the chamber should be Tined 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

returned to WHC for analysis as soon as possible after completion of each
test.

Parform 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. [t is expected that the 1 wt X water added to
the tast matarial 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 tast procedure for WHC appraval pricr
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. Usa
dry (0 wt% water) I[n-Farm-1 Dottom 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 tast can be conducted in the 49 liter
champer, if you choose. Obtain a gas sample of the containment atmosphere
before and after the reaction. Pleasa provide a detailed gas sampling
procedure for approval prior to conducting this tast. Usa of the WHC-
grovided samplers (NUPRO) with end caps to provide a second seal and to
protect threaded connections is requested. Please report the results of
thesa tasts, including the temperatures of the chamber gas as a function of
time, in a summary report, available for public releasa.

Pleasa provide measured gas temperatures within the containment atmosonere
(and provide the lacation of the thermocouples) as a function of time for
each propagation test conductad to data with the disodium mononickel
farracyanide mixtures. The gas temperatures and pressure measurements
during the reaction time and during cooling time are desired. Temperature
and pressuyre measurements of the containment gJas atmosphere are also neeqgeqd
at the time that the gas samples were/are obtained. Your prompt responsg -3
this request for tasts completed to date would be appreciatad.

A-3
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H. K. Fauske 3150199
Page 3
January 12, 1993

About 1.4 kg of additional [n-Farm-l bottom fraction simulant material was
shipped to you on January 3, 1393. The composition of the In-Farm-1 Hottam
fraction simulant is still being determined by laboratory analysis and will
be provided to you in the near future so that the final six screening
propagation tasts can be conducted. About one Xg of U-Plant-1 sludge will
be prepared and shipped to you for the bake out tasts 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 pretast samples
indicate that there is a concern about the initial condition of the tast

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

%hg]co?tainment atmosphere was not adequately purged. See footnotes of
able 1.

Please address questions to D. W. Jeppson at (509) 376-58058 or to me at
(509) 373-3132.

//,Very-tru1y yours,

G

R. J. Cash, Manager
Farrocyanide Safety Technology
Tank Waste Remediation Systam

fm
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APPENDIX B

Calibration Data Sheet for
SARTORIUOS Microbalance Scale

lst Trial
Test Wgt, ead
1 mg 0.00101 gm
10 mg 0.01000 gm
100 mg 0.10007 gm
2nd Trial
Iest 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

*k* All wgts. are ASTM Tolerance Class 1 *¥*
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Sample Preparation
Preliminary: Test Ip 8_J 2207 -/ pate S Felo 73
Step Activity Record or Check
1. Measure 50 gm of vacuum dried and sieved

b4a.

4b.

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

Glass beaker tare weight

Add .5 gm distilled and demineralized
water. m™mix thovov 3'“1/

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 chawgo, §50-47 4

Depth of charge in sample holder.

»

Finish sample holder assembly and
dressing -

+ heaters ¢2)
+ thermocouples (¢¥)
« insulation ce/#4& fo, /

avell L 14 umite~ lesdy +1gnl*‘(/
Record assembled weight.

/99.0 o g

/99.2

7

& . 52{4;L Ea/

)79, §”
4 Eg

U~

/44,23 g

I 206 9

"
'l/Q_Z fvomf%e

v
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Step Activity Record or Check
two & four 2,23 f‘__ 1.7_Hx+w
7. Prepare a two gram charge of barium

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

total weight. 4, 2.3%_ rotull

Hold for adding to test sample later

(step 11). B/

Eilter 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. B/

Contairment Vessel Preparation

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

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

11. Line all inside surfaces of containment
vessel with aluminum foil and record ,
weight of foll used. Sae Dot ;L"é_

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

12b. Install igniter mix and igniter. ‘ B/
12c. Take photograph of sample holder. @
Pya +cs+(ma) Pos+ Test+ (mg) ‘ ) |
fillev element /84. 7/ SRO * — Stavted 37 JTIOt+

o - ’g:"; 3495‘,/3" </ ——-;L/M:n. note

. /rvoce.d
L',H.c':_é,l@‘,.:‘f“* 2579.7¢ C-3 A9¢6.0/ ‘{
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TFo2o0§-)

Step

Activity

Record or Check

13.

14.

} 15.

16.

17.

18.

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

Cycle ~Eill

10 31N
Y124 d.d’/g\
/2 ol 157
2.8 /7_

Test
Pressure

5 2r 20 4{/;

<
NE
~

SwrH
%
*
X

N
N IR

Y

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 __J° > )éﬁ//m/f
_TC ol ox

Verify containment is holding pressure.

Test Sequence

Verify heater circuit continuity.

Verify igniter circuit continuicty.
C-4

3l pri4
I 4 d‘

N

T

R
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Step Activity Record or Check
y
Stavt fait data. o©.0082<

19. Begin heating sample up to test Stop for+ datae SFTT./F55ec

temperature. When TC #3 is at test s

temperature, record temperatures. §Stovtclow d2fa

TC #1 °c 4¥ _<c

TC #2 ‘C é% °C

TC #3 ‘C é °C

TC #4 _ °C 43 _°C

TC MS 20 ot

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

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

et t 7‘c—J'f"

22. Verify igniter system is ready. ;:W;_g/, - 70 /,,a_ E’
23. Start data acquisition system and on

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

vent. g
25. When containment pressure has fallen to

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

Rogt-Test Activities

27a. Weigh filter paper. a.wmd O-Xing See data

“ﬂé fvlch)y - w - - W/VW/%
27b. Insert in filter paper holder for

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

photographs. e
29a. Weigh test sample holder. /% 2 s o b Z/L Z-f

C45
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Step Activity Record or Check
29b. : /776 4
cM/WﬂJI/C— Fo slteme S e
29c. Weigh all foil material. Cae 427z 1&{
29d. Total weight of material in containment
vessel. J3o.36 9
W
30. Reduce test data. e
31. Clean test apparatus and prepare for
follow-on test. =
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 transaittal.

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

tions of the test data.

33¢.51 Sople §0 2

3/4.2 % Pup—y S o RZ 6 g
A6 g 2 ereslice 277 «
ANe s de ator! 2,76
Tota! rercolut aceouwlid?70.36
forr

e @/mo&%wf- LK
W%M 17 G/ x
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Oare: & [Fel 73

WHC WeERoSoL TEST T o0zo0f-/
B PRESSVRE / 30 purg o
SHAMPLE TEMPEARTIEE 60 %L wnomt
Sample Roldew 25 it dia x 10! g ,Q?

V‘GV‘ITC7 D'me-wsxovt.s (H/u) jf:i)
overall He_aa}«.‘)‘ _f_“'::—,r' )
rel 3¢ No., 7% 2 . (2%)
rez 1 Y Ne. &9 (42 .. L
el 2%z No., A7 j )
reY %3 Neo. £0 ahbi

|

Comntaimment 4 L.

TCS 2 hdwn 3 wall A . _124 boF Py
TCo 10 bk 3wsl) Mo, oK Zeos0

Pressuvds Taomanolauea o /6 o)
Rango, —FO _ pel Lfe) CallFac 2 Jar

Sample ; _IN-FRRM 3 Nottom, w lwie HaO

Sovyea Ber_INFARMm 41 Eev LR Roftowns 60 ¥n /2-2/-7Z
Ve Svied § Seveened th«n;LIL 1Y0 wmech
Sample Wyr L2414n  Se. LIZ
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Foaod =/

Sample Preparation
Preliminary: Test D #_J OAOY - Date. 9 Felo 73
Step Activicty Record or Check
1. Measure 50 gm of vacuum dried and sieved

ba.

4b.

In-Farm-1 bottom sample into clean glass
beaker. ( Usad stnaless Steel cup)

Glass beaker tare weight

Add .5 gm distilled and demineralized

water, muix +thovov 3"‘1/

Record total weight of container and
sample.

Record weight of empty sample holder.

with, TCY ardino 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.
nef chay $O., Y6 g.
Depth of charfe in sample holder.

Finish sample holder assembly and
dressing -

+ heaters ( 2)

o thermocouples (‘)

« insulation w:th Fo.l and
2 Leads a—a&-zzn;éw

Record assembled weight.

C-10

/79. 0 cg

v
v
}48.0
2

/89. 5 g =
Je/-}3

f
/ <2 O Ca
212.29

_J¥S 6 4
%
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Step - Activity ‘ Record or Check
/
two & founr
7. Prepare a twe gram charge of barium C-/%g pan uug,‘l‘)
peroxide/aluminum starter mix in an L B lSg sy wegt)
25 mm dia. aluminum foil cup and record
total weight. 4,29 4

[
Hold for adding to test sample later

(step 11). el

Ellter Preparation
8a. Weigh clean unused filter element. See Welowd
8b. Install in filter housing per Fig. 2-4
taking care to use only tweezers.

- Contaioment Vessel Prepsration
9. Containment vessel fittings and seals
have been previously checked for leak-
tightness. E/
10. - Containment vessel is open and cleaned

5

of all prior test residue.

11. Line all inside surfaces of containment
vessel with aluminum foil and record _
weight of foil used. See dats SM

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

12b. Install igniter mix and igniter. @/
12c. Take photograph of sample holder. @/
Pye +¢:+(ma) Post Test (mg)
fFilbev element /S8 te 749 .30
O - Ring 2445./2 244606

o lbev clament
e o—;@.ua

2,00.69 c-11 3/9&-%0
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Fomed-|

Step

Activity

Record or Check

13.

14.

15.

16.

17.

18.

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

Cycle Vacyum Fill
1 27 _10_pig
2 [/4 /O </
3 7 wrall
4 F¥3 (725G
Test
o Pressure
5 ar 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 _ L cal b 1284 /veolt
TC 222 ok

Verify containment is holding pressure.

Test Sequence

Verify heater circuit continuity.

Verify igniter circuit continuicty.
C-12
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Step Activity Record or Check
Start Faet data o©.c00 sec
19. Begin heating sample up to test Srop tatt data.  &§,72 <

20.

21.

22.

23.

24,

25.

26.

27a.

27b.

28.

29a.

temperature. When TC #3 is at test
temperature, record temperatures.

S tawk slowwodata. /22.54cc

*

TC #1 —/227 <c c * TC Al shows ervatic belkavi
TC #2 <£2__°C °C juit at test Femperate ~

TC #4 /X7 _°C °C

7¢C HS 23

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 fallen to
0 psig close filter vent.

W*élﬂ M&«j—

Stop data taking. «f % /5 P54

Post-Test Activities
Weigh filter paper. awnd O-Xivg

LR R R RRR

& pwrovovl /3/,2,

and fv:ob)y - ---

Insert in filter paper holder for
shipment and label with test ID #.

&

Open containment vessel and take

-

photographs.

Weigh test sample holder. E% (fer & JREZ -0 4

C-13
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Step Activity Record or Check
Wo k of vndvessed c2ompie holdes
29b. Ual : (736 g L LF
comppavab/e o itene 5 v 7~
29¢. Weigh all foil material. _Ses date 2k
narcslca:
29d. Total weight of material in containment
vessel wa.{«a A2iS b2/20ce 37, 34 éﬂ
e raloesS

\

30. Reduce test data.

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

X

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 transamittal.

Post-test debris and filters will be sent to WHC for further evalua-
tions of the test data.

Fov~ 27:‘ et

Jam//e. s z

- 240 loit z23.,6
3486 2/2:21 ~ P ’ *

Alsldve g

-_— 32.240 — /73,& 26;?1
2 D E——— /éJ/A«_a»céo:/ 9.17‘

/ /6
3 ¢ &- /€ ? Taf‘z/rcl/c/h’e-

ceccovemted e B/ 8 7
/4/7‘/2/M3Jf detec? /66 £

C-14£7 //Ac 2 te a/;(.af /»"’Juc//% /7 & /4;,(
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1.0 INTRODUCTION 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 comﬁarisons 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 length. This tube
(considered to be disposable) is slipped over the base stand as shown in
Fig. 2-3. After 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 Reaction Ignition 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

3Ba0, + 2A2 - 3Ba0 + A2,04
(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
Ba0O, or = 9.5 mJ/kg BaO,. The estimated reaction temperature increase is of
the order of 2000°C. This reaction is used to initiate the thermite reac-
tions (Fe,04 + 2Af - 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, Ba0O, is
reported to decompose to Ba and 0, at 800°C. This could be a source of gas,
albeit small, for this ignition metheod. The barium peroxide/Af starting

2-1
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K
D
i T ‘
EF = 1) c
AR /.: S at / ! ’:\ "
:33;:}
G
H 6 £+ 127
9” BC
49
7/8-9 UNC-1B-RH 74 ™~ ‘31::::
3-1/2” Deep on N T AN
9”” BC 30 Pitch \ i J ™
2 sides
/
1-9/16"”
2-1/4”
== | TCS 4-1/4”  8-3/8”
Dill through | Y Bt
21/64” Dia., T
Tap 1/8 NPT —f == + ¥
forE& G Dill through
j ey
. ap 1/4
Dill & Tap !
1/2-13-UNC-1B-RH, , TC5 for B,C,D,F.1 & J
1-1/2” Deep | O] }
for AH&K B 3
| i 1-9/16”
TCS5 - Location 1/2" Off Bottom and 1* from Wall.
TC6 - Location 1" from Top and 1" from Wall.
MG932027.CDR
Fig. 2-2 High pressure containment vessel usgd for burn velocity

tests.
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Sample Holder Tube

25mm Dia. 316 SS

(0.002 inch Wall)
Eftective Volume 40cc¢

Igniter,

Sample Holder Tube 0.375"(9.5mm)

Heater : ;
0.060 ‘inch Dia. x 16 Turns 20.5mm
32Q) € o B 1,18 (30mm)
@ :
- - mm
5
TS L 2.36" (60mm)
b = 20.3mm
l [ {3167 (80.3mm)
: T \—3.14"(86.6mm)
0.59 (15mm)1_ e
. —

Base Heater %g 45

0.060 inch Dia. x 5 Turns TC No.s: 1.2,3' &4
14 () Type K. 0.020 inch Sheath,
Ungrounded

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

25 mm diameter sample holder used in burm

Fig. 2-3
velocity tests.

Ref. Elevation C.00
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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



WHC-EP-0661

3.0 IEST MATERIALS

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 u 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
NaNO, 50.0
NaNO, 12.2
Na,PO‘ 5.2
Na,80, 3.8
Nis 2.8
TOTAL 100.0
Fuel/Oxidizer Ratio .418

--Fe(CN), is 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.

J The final as-tested sample parameters are summarized in Table 3-2

'below.
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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 pu
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
e-Te fe] '/ ess
TCS TC6 P
22°C 29°C 745 psig
In addition to the physical test sample parameters, Table

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

burn.

3-2
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4.0 IEST 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.

4-1
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5.0 IEST RESULIS

5.1 Propagation Rate Data

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
TC1l 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 TC1l - 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 TC3 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



*J8s/wd gGg° K31d007aA uoyl
-e8edoad a8eaaay ‘a7duwes woljoq [-wiejuj ALxp ‘aapioy ejdwes iajswelp ww g7
2,09 "wie g¢ ‘1-gZ10L 353l 103 uofiededoad uoyioeaxr o1 asuodsai aydnodowaayg 1-6 8714

WHC-EP-0661

Y01 ‘€21 ‘7Ol ‘101l SA dNIL

(0ds) ANIL
S¢ o¢ 4 07 !
o
SR = e e — __rnll_hl
- : M. G
]
- . o4 4°
- Y ]
. e b P Ve
— 3acs ; \ . e
n N AW L B
- \. : b 1o =
s ] . . -~—] U m
1 ’ e - ©O
: : ] =
[ . * 1~ v
| . : . 1 <
| : -] ©O .
n : s, 1 o
N : 1s
e L ] Ll —t g
| -1 ©
. i<
— -1 ©O
- 1°
I D R | | O Yol N R T 13
O 21 =
........ 11
: 101
1-8710L QUOdNVH

5-2



WHC-EP-0661

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

5.2 Qverall Containment Epnvironment Response

Fig. 5-2 provides the overall containment pressure and temperature
response. The location 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 - e o)

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

dn _dp 4V
n P tv (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

- 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;

v _ .03
v % 0.0125

Therefore, the net relative change in moles of gas is estimated to be
0 _ 0448 + .0125 = 0.0573

The initial reference moles of gas

n = 5%72 x 52 = 9.286 mole

so that the new gas evolved is

An = 9,286 x .0573 = 0.532 mole
One can compare this to the initial inventory of ferrocyanide.

The InFarm-l1 bottom sample is 26 w$ ferrocyanide of which = 94 w% is
Na,NiFe(CN)q, (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

volved _ 0,332 _ 43 5
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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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
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.

6-1




WHC-EP-0661

7.0 REFERENCES

Letter; R. J. Cash to H. K. Fauske, "Subject: Aerosol Propagation
Tests and Parametric Pressure Propagation Test", January 12, 1993.

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

FAI/92-81, "Adiabatic Calorimetry and Reaction Propagation Rate Tests
with Synthetic Ferrocyanide Materials Including UPlant-1, UPlant-2,
In-Farm 1, In-Farm 2, and Vendor-Procured Sodium Nickel Ferrocyanide”,
July, 1992.

FAI/93-12, "Summary Report on Parametric Pressure Propagation Test
T0127-1", Jan., 1993.

Letter; H. K. Fauske to R. J. Cash, Subject: "Status Report on

Reaction Propagation Rate Tests with Synthetic Sodium Nickel
Ferrocyanide Material", September 21, 1993.

7-1




WHC-EP-0661

APPENDIX A



WHC-EP-0661

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 0 rings from the aerosol filter should be
weighed (to four significant figures) before and after aerosol loading to
determine the mass of aerosol collected. (Rental of a balance, as
necessary, to make these measurements is approved.) Quartz filter papers
will be used and should be handled with tweezers only, since sodium can be
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,
Joaded filter paper, solid reaction products, and foil liner should be

ret:rned to WHC for analysis as soon as possible after completion of each
test.

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 wt% water) In-Farm-1 bottom fractionm 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 De 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 tast. 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 results 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
ferrocyanide mixtures. The gas temperatures and pressure measurements
during the reaction time and during cooling 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 (O
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 5, 1993. The composition of the In-Farm-1 bottom
fraction simulant is still being determined by laboratory analysis and will
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 properly or
%he]containment atmosphere was not adequately purged. See footnotes of
able 1.

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

/,,very-tru1y yours,

G

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

fm
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(] (8" from Top, 3 " Inside)

l
l || Atmosphere Thermocouplea
l

Filter Holder

|
|
‘! / ) /Ball Valve
i

l

|

|

| ! .

| S
| Sl

| |

|

!

|

i
| Orifice
|
!

Aerosol Inlet at

}
)
§ centar of Chamber

Atmosphere Tharmocouple

|
\

1 - 4 (8® from Bottom, 3" Inside)
J R
S 1 - b ] : 1. .
A ! |"‘ -

49 Liter Vesssl
12" ID x 0.37S" Wall X 26.5" lengz=h
: with 150 lb Flanged Ends as Shewn
/ with 28 mm dia x 100 mm long Sample Holder

10

Tigurs 1
Aerosol Test Containment Vessel
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SUpP PROC TAKIN -
POST-TEST TEST CELIL CONTAINMENT GAS SAMPLE
(REVISED: 26 Jan 93)

1.0 INTRODUCTION

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 1 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

co er provided by Westin e ord Co
(NUPRO style with specisl end caps) for this purpose. The test cell and gas
sample installation 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).
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In Line
S micron
sss Filter
i Post T
Containment DK ( t Test Sample)
Volume Va V3 Gas Sample Cylinders

WHC Nupro Style

(Pre Test Sample)
Va

HF931023.COR

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.
Lebel 1D PyeTec+ FuI-3 4 7%st Test FHI-C

Date of this verification WJQM_. 73 “

(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.

(2.2) Purge and evacuate with gas sample cylinder con-

figured according to Fig. 2.1-2.

VACUUM HOLD
MIN TIME CYCLE  YACUUM FILL

10 &30 to PO 1 28 8 pie
10 84:52  vo L7I0 2 25 ’.’ Lepse
10 D2:4L vo B0 K 3 28" oM
10 7:4F to 22120 4 277 Louvé
30 BLI to CI3) 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 leak
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

B-4
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Vs
to Argon Supply

— K

Evacuated V,  Compound Ve

Gas Sample Gage or
Cylinder Manometer

to Vacuum Pump

HF931029.COR

Figure 2.1-2 Configuration of gas sample cylinder
for purging and final evacuation.
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possible, the desired argon atmosphere 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. The purge

procedure is as follows:

(1) Attach prepared gas sample cylinders to valve V2 per
Fig. 2.1-3.

(2) Set up for purge per Fig. 2.1-3.

Valve Configuration -

vVl Open

V2 Open

V3 & V4 Closed

V5 & V6 Used for purge cycles
V7 & V8 Open

(3) Purge cycle - record pressure readings.

CYCLE VACUUM FILL
1 28° 10 PSic-
2 24" /0 FSIG-
3 g3 2285/¢
4 L5 Lo B5/6-
5

“
KE — 7501y

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

A
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: 1if leaks are 4

discovered and cannot be fixed at pressure, reduce pressure,

fix leak and repeat purge procedure).

haQ_,c[

e ——————
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Vs
Lo Range v —K—» to Argon Supply
Pressure Transducer 1
M o te &_H—
anomeier
—DK—> to Vacuum Pump
V7 Vg
Filter
HDKH(Ce )
Vs Va V3 Gas Sample Cylinders
WHC Nupro Style
girfg;?: Containment
Transducer Volume Vs ;

HF931021.COR

Figure 2.1-3 Configuration of test apparatus for purging.
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2.2 - G G v
e
J‘HM (1) fontainment vessel is leak tight and at pressure.
Record: Pressure 770 LR g0

/
/«? Temperature _/CJ5_ 20 7C¢ RO °C

77"

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

/{;{“ Record containment vessel.

?[0 /SZ,% Record: Pressure 75) 72 SR
(/ﬂ Temperature Z &S /9 °C JCE /7°C

(4) Close V2 and V3. Adjust containment vessel pressure if
required.

e e afd cap-fgas 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 - v

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

)}ﬁ Pressure

P

B-8
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Temperature

(2) Open V2 and V3 - hold open for 30 sec.
(3) Record containment vessel -

Pressure

Temperature
(4) Close V2 and V3,
(5) Remove and cap gas sample cylinder.
IDENTIFICATION VERIFICATION

Verify pre- and post-test gas sampie identification and trangfer :

data to following summary table.

B-9
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TEST 10 __J O/R T~/ DATE _ 2P S22 73

ERE-TEST GAS SAMPLE:

(a) Gas Sample Cylinder Identification: /:'-/% l 3

(b) Cylinder Volume: S2 ¢ec

(¢) Test Label as Shipped: 7 0/2F =/ ‘RE7ES] Cots Spanrcs
Co//?f&;fev /Z'c_:.__r‘rwo = 780 AN
hd o~
FRT Z¥2/7

’ +
(d) Pre-Sample Pressure: Vac / /;_ a,&-p _}z/. ey

(e) Containment Volume: Pressure Teﬁperature

Before Sample: 770 74 RO °C

After Sample: AV A = /7 °C
POST-TEST CAS SAMPLE:

(a) Gas Sample Cylinder Identification: /= %Z’ 6

(b) Cylinder Volume: S2Pce

(¢) Test Label as Shipped: _ 7 2/RP =/ Fos7” 7857 Gar Smeipes
Cosr Fosyrer Sressove, 2 7702576

AR L 277/
” +
(d) Pre-Sample Pressure: yl'(_'a / #&_"gﬂ - 4 /“""4‘
/
(e) Containment Volume: Pressure Temperature
Before Sample: 2%6 rs1p TCe ase’c Tyo*c

After Sample: 252 Z ﬁ‘% ’” s
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Data Sheet Form L-001
Reaction Propagation Test

Dace _ _ _ _ _ __.___ R&Sa 73
Test ID _ _ _ _ _ _ _ _ _ T 0 128-/
Macerial Tu Farm L Potterre
Fi1l Height _See. Aata chee?
Mass Y4.7 rd
Initial Pressure ZHSL ol
Initial Temperature 0% C il
Final Pressure 277 L
Final Gas Temperaturs/Time R € /
Test Configuration n %‘tz&

Ins. if ves
Gas Sample Yes w .No D
Residue Sample Yes [ ] No []

Test Notes TJM‘-‘:U 4 ~
MM&Q/, Era—a f(..&_,

imer.  Sampie Density

TC, No.s: 1.23 44
Tyoe K. 0.020 mch Shesin,
Ungroundes
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Sample Hoider Tube

25mm Dia. 316 SS

(0.002 inch Wall)
Eftective Voiume 40c¢cC

Ref. Elevatién 0.00

Sample Holder Tube b 0.375°(9.5mm)
Heater i
0.060 ‘inch Dia. x 16 Turns o 20.5mm
320}

4° (101.6mm

20.3mm
La. 16° (80.3mm)

\—3.14°(86.6mm)

0.59° (15mm)

T s e e ———

Base Heater -
0.080 inch Dia. x § Turns
14 ()

TC No.s:1,23 & 4
Type K. 0.020 inch Sheath,
Ungrounded

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

Fig. 2-3 25 wm dismeter sample holder used in burn
velocity tests.
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AV Janme 14493

WHC PROpPBLHRTION Ter7r R Tol2F-1

TET FPRESVRE _ _ . _ o - — _ — XPme
SrmpLe TEMIERTURG _ — i - . ®O°C

S sz ple.  fo/der 25wt dia X 16! ween ,La\

Ver1 v drimensions: (%2 )j _____ gs-fﬁl‘ )
Ovevall harght yT :——T(/'f”,[; |

. 22
Tel X zew=e® Mo, _3¢ (Y0 y
TCZ [ F2 ERMTOP A 29 ’ '

7C3 R Jos FRom=ep No. Jo _-‘q—i‘
JC¢ %gﬂﬂ%»f No., SO | L (@./7y
S

Con Faimmend ! 4L,

Y ERam 20TT6M
s /éF?L"JN FRoM waiL Ne. 104 bo+o me

TC 6 J"FRyM TP gvo ware  Neo, /8S toro

PVGJJ‘U e Ty-wq]uc.w

Hl&kﬂ%?& 1250e0 Pl s C.l Fac ;(000 Fm/wlt

Sormple: INFRRM ~L Rottowr 0% watenr
Souvee e f~ : /[N FARM-IB~ REY- L8 BoTTsM 6076 J2-21- 97

Samr:le; W{— ‘Zéog %M | S &, /¢33
SW/Ca h‘-l-a,(df{- /:?/32 gvaw\.‘}'vﬁ

r%%lf&l u.)ajh qlé'/ ?m
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Dat+e 2];/3—‘4_?7

/JWA SQM&J Test Tolzl =]l
Faalhcsl Ba»g.z_z‘%
be—p
;"'7/- 'T_F
L Sample wat.
// . L& L 9 r '
| M 49, o st
ZRR
a.
D 25" WA
A 4.0 o veh 10 b
¥ ©.59 el /822 vt A
w o IBv ey /8.3 y

L., = L = (orw) = 763 sy

vse, diwmengions it ( mwint) —
Vg = ZZ_,_O_z A X/L-g 372,98 ™
y
P:C—klldg_ De.nﬁg“f’;/ = /14__5 “M;}/ - /,33
Ve VAN
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