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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 (WC) in Ref. [l]. For the record, 

Ref. [l] is included as Appendix A. The tests discussed in this document 

are designated as T0208-l and T0209-l. 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 signif~cant 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 WC 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 
Suiaary of Aerosol Test Data 

Test 

Nominal Temperature 

Reaction Propagation Velocity 

Aerosol Particulate Collected 

1-1 

T0208-l 

60°C 

12.6 cm/min 

366.15 mg 

T0209-1 

120°c 

20.4 cm/min 

595.7 mg 
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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 is similar to that illustrated in Ref. [l], 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 is 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). 

2-1 
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(18.5 11
, 3 11

) 

Aerosol 
Filter 

Housing 
) {Orifice 

(8 11
, 311

) 

5 

I 4 
··- --- --<I:JI 

l I! . : 

Fig. 2-2 40 liter containment vessel. 

12" ID x 0.375" wall x 26½" long 
with 150 lb. flanged ends as shown 
with l" 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 

--f 
Sample Holder Tube 

Heater 
0.060 ·inch Dia. x 16 Turns 

32 n 

o.se· 

e e 
(Q 

.-
0 

Base Heater 
0.060 inch Dia. x 5 Turns 

14 n 

Igniter. 

2.36. (60mm) 

TC No.s: 1,2,3 & 4 
Type K, 0.020 inch Sheath, 
Ungrounded __.....,.._._ 

11CIIU111 I 

Fig. 2-3 

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

25 mm diameter sample holder used in burn velocity 
tests. Sample inventory~ 45 to 50 gm. 

2-4 
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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: I 

25 mm Sample Holder Base 152.6 gm 

25 mm Sample Holder Tube 3.5 gm 

Heater Elements (Two) 52.l 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 TEST MATERIALS 

3.1 Ferrocyanide Sample 

The test materials will be the WC prepared samples of InFarm-1 bottom 

disodium mononickel ferrocyanide (Na2 NiFe(CN) 5 ). These samples contain a 

trace amount of CsNiFe(CN) 5 (= .1 gm Cs in a 50 gm sample per WC estimate). 

The sample was vacuum dried and sieved at 140 mesh. The sample was re

hydrated to 1 wt.I 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 Yestinghouse Hanford Company. One estimate of a balanced 

stoichiometric reaction is given below. 

Assuming CO2 and N2 are the only permanent gaseous species produced, the 

above stoichiometric balance indicates 12 moles of gas to be liberated per 

mole of Na2NiFe (CN) 8 • The formula weight of Na2NiFe(CN) 5 is 316.66 gm/gm 

mole. Therefore, a 25 mm sample holder containing SO gm of dried sample at 

0.26 wgt. fractio~ ferrocyanide will contain (.26 x 50)/316.66 • 0.041 mole 

of Na2 NiFe(CN) 8 and can theoretically produce .041 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. 

3-1 
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3.3 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 

3Ba02 + 
(169.34) 

2Al • 

(26.98) 

3Ba0 

(153.34) 
+ 

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 Ba02 or = 9.5 m.1/kg Ba02 • The estimated reaction temperature 

increase is of the order of 2000°C. This reaction is used to initiate the 

thermite reactions (Fe 2 03 + 2Al • A.2 2 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.2 2 03 has a boiling point of 

2900°C). However, Ba02 is reported to decompose to Ba and 02 at 800°C. 

This could be a source of gas, albeit small, for this ignition method. The 

barium peroxide/Al starting mixture will be separated .from the ferrocyanide 

column 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 TEST PROCEDURF.S 

4.1 Test Protocol 

The objective of the designated aerosol tests is toprovide 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 

I 

sample will contain= 0.1 gm of cesium in the form of CsNiFe(CN) 8 • ::.--

are: 

4.2 

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

(a) Sample holder 

(b) Sample charge 

(c) Particle size 

(d) Moisture content 

(e) Sample temperature prior 

to ignition 

(f) Containment volume atmosphere 

(g) Containment volume pressure 

Gravimetric Analysis 

25 mm dia. 

= 50 gm@ 1.2 sg. 

Screened through 140 mesh sieve 

1 WI (= . 5 gm) 

60°C for Test No. l (!0208-1) 

120°C for Test No. 2 (T0209-l) 

Argon 

3 atm abs. (28 to 30 psig) 

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. 

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 

Preliainary: Test m # _______ _ 

Step 

1. 

2. 

3. 

Activity 

Measure 50 gm of vacuum dried and sieved 
In-Farm-1 bottom sample into clean glass 
beaker. 

Glass beaker tare weight 

Add .5 gm distilled and demineralized 
water. Mix thoroughly. 

Record total weight of container and 
sample. 

4a. Record weight of empty sample holder. 

4b. Add sample to sample holder packing 
with clean glass rod. 

4-2 

Date _______ _ 

ltecord or Check 

• 

• 

• 

• 
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Step Activity 

I 

S; 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. 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). 

Filter Preparation 

Sa. Weigh clean unused filter element. 

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

9. 

10. 

ContaiD111enC 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 

Record or Check 
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Step Activity 

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

' . 
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. 

Pre-Test 
(mg) 

Filter element _____ _ 

0-Ring 

Filter Element 
+ 0-Ring 

Post-Test 
(mg) 

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

14. 

Cycle 

1 
2 
3 
4 

5 

Vacuum Fill 

Te-st 
Pressure 

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

Record pressure. 

Hold test pressure during instrument 
checkout. 

4-4 

Record or Check 

• 
• 
• 

•· 



r Step 

15. 

16. 

17. 

18. 
19. 

20. 

21. 

22. 

23. 

24. 

WHC-EP-0661 

Activity 

Set up instruments and check proper 
allignment. 

Check proper calibration setup. 

Notes 

Verify containment is holding pressure. 

Test Sequence 

Verify heater circuit continuity. 

Verify igniter circuit continuity. 
Begin heating sample up to test 
temperature. When TC #3 is at test 
temperature, record temperatures. 

TC #l 
TC #2 
TC #3 
TC #4 

___ oc 
___ oc 

---oc 
oc ---

___ oc 
___ oc 
___ oc 
___ oc 

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. 

4-5 
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26. 
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Activity 

! 

~en containment pressure has fallen to 
0 psig close filter vent. 

Stop data taking. 

Post-Test Activities 

27a. Weigh filter paper and 0-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. 

31. 

Reduce test data. 

Clean test apparatus and prepare for 
follow-on test. 

4-6 
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S. 0 TEST RESULTS 

5.1 Propagation Rate Data 
I 

The thermocouple data which indicate the linear reaction velocity are 

shown in Figs. 5-1 and· 5-2 for tests T0208-1 and T0209-l respectively. 

Tables 5-1 and 5-2 indicate the respective reduced speed measurements which 

can be obtained from these data. 

as 

The representative average velocity for these tests can be summarized 

Test 
T0208-1 

T0209-l 

Temperature 

60°C nom. 

120"C nom. 

Reaction Velocity 

2.1 ~/sec (12.6 cm/min) 

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-l as a reliable reaction speed indicator. This behavior is often 

caused by the igniter but the severe difficulty in T0209-l appears to be a 

random fault. 

5.2 Overall 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 



CJ 
0 

~ 

~ 
'1,l 

U1 
E,-4 

I 
N 

C) 

C) 

N -
C) 

C) 

C) -
C> 
C) 

00 

C) 

C) 

\0 

C) 

C) 

-.,;t-

C) 

C) 

N 

C) 

0 

Fig. 5-l 

10 20 

... .. 
.,: , .. _ 

., 

HANFORD T0208-l 
TCI 
TC2 --------
TC3 0 
TC4 0 

0 
0 

0 

0 

0 

0 

.. 

0 

" 

0 

" 

0 

0 

0 

40 so 30 

TIME (SBC) 

. 
I ,'"1 

a 
a 
a 

a 
a 

a 

a 

a 

a 

a 

a 

D 

a 

a 

a 

60 

TIME VS T,Cl, TC2, TC3, TC4 

70 80 

Thermocouple response to reaction propagation for test T0208-l, 3 atm abs., 
60°C, 25 mm sample ~ol~er diameter, 1 wgt.% tt

2
o InFarm-1 bottom sample. 

Average propagation·velocity 12:6 cm/min. 

.•I 

E 
:c :.a-
("") .,,; 

I 
l'T1 
""C 
I 

0 
O'I 
O'I .... 



u 
• 

~ 

~ 
~ 

u, 
E--t I 

w 

C> 
C) 

C"'I -
C) 

C) 

0 -
0 
C> 
00 

C) 

0 

'° 
C) 

0 
'q' 

0 
0 
C"'I 

C) 

HANPORD T0209-l 
TCi 
TC2 -------

. TC3 0 
_,.....,r-,~--r...,.-,--r--,--r-"T""","1'"'1"1, TC4· • 

0 10 20 

' .. 
' ' 

0 

0 

0 

30 

TIME 

D 

"' 

" 

.. 

40 

(SEC) 

50 

TIMB VS TCI. TC2 9 TC3, TC4 

60 70 

Fig. 5-2 Thermocouple response to reaction propagation for test T0209-l. 3 atm abs,, 
120°C, 25 mm sample holder diameter, I wgt.% 11

2
0 InFann-l bottom sample. 

Average propagation velocity 20.4 cm/min. 

:!E: 
::c 
n 
I 

6"T1 
--c 
I 

0 
0\ 
0\ -· 



WHC-EP-0661 

Table 5-1 
Reaction Speed Data for Test T0208-l (6o•c) 

TC# Location* Time 
I 

Reaction Propagation Rate 
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 

*From top of s~ple holder. 

Table 5-2 
Reaction Speed Data for Test T0209-l (120•c) 

TC# Location* Time Reaction Propagation Rate 

TCl 

TC2 

TC3 

TC4 

r 

*Result 

mm sec 

9.53 20.98 TCl • TC2 
7.58 mm/sec 

30.16 23.70 TC2 • TC3 
3.16 mm/sec 

59.93 33.11 

83.44 39.27 

discounted due to faulty TCl. 

5-4 

TC3 • TC4 
3.82 mm/sec 

TCl • TC4 
2.07 mm/sec 

TCl • TC4 
3.42 mm/sec 
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Table 5-3 
Comparison of Related Propagation Rate Tests 

Reaction 
Initial Specific Propagation 

Test Material Pressure Temperature Gravity Rate 
atm oc cm/min 

T0727-l IFlB 1 26" lo23. 10 
*T0127ml IFlB 10 60 lo26 16 

T0819dl WW so 60 L25 132 
**T0128-l IFlB 53 60 1. 33 32 

*Ref. (4) 
**Subject of this report. 

IFlB - In-Farm 1 bottom flow sheet material. 
VWW - Vendor supplied material. 

5-5 
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two environment thermocouples, it is concluded that this is predominantly a 

thermal effect. The second stage pressure increase of= 15 psig in test 

T0208-l and= 25 psig in tes,,t T0209-l 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 !0208-1 

and= 0.9 cfm for test T0209-l. In both tests the containment pressure and 

filter flow rate decay with time over a depressurization period of= 20 min. 

5.3 Aerosol Sample Collection 

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 Overall 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 Kass Balance 

Test 

1. Initial Sample 

2. Recovered Solid Residue 

3. Estimated Gas Products 
(1 - 3) 

Expected solid residue per 
Section 3.2 

T0208el 

50.5 gm 

30.7 g 

19.8 g 

30.8 to 32.3 g 

T0209°l 

50,5 gm 

31. 3 g 

19.2 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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(w\i westingttcuse 
\:±) Hanfara comgany 

?. 0. Soa L 970 ~ict,linC. 'NA 99352 

January 12, 1993 

Dr. H. K. Fauske, President 
Fauske and Associates, Inc. 
16W070 West 83rd Street 
Burr Ridge, Illinois 60521 

Dear Dr. Fauske: 

WHC-EP-0661 

/ 

AEROSOL PROPAGATION TESTS ANO PARAMETRIC PRESSURE PROPAGATION TEST 

9350199 

Please conduct two aerosol tests and one parametric propagation test far the 
Ferrocyanida 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, In-Farm-I. The parametric 
pressure propagation test will give a propagation rate measurement for an 
intermediate pressure. 

Perform the first aerosol release test using· In-Farm-l bottom fraction test 
material in a similar configuration as the propagation tests, except the 
aerosol tests shall be conducted in the 49 liter chamber. Use vacuum dried 
In-Farm-l simulant to which 1 wt~ water is added and well mixed in order to 
permit possible conversion of the cesium ta cesium hydroxide during the 
reaction. Include thermocouples in the test miterial and within the chamber 
atmosphere ta measure the propagation rate and containment gas/temperature 
responses. Perform the first test it three (3) atmospheres initial abso1uta 
pressure under argon with delayed exhaust gas venting through a filter to 
collect aerosol as sho~n in F;gure 1. Other parameters should be as 
follows: a 25 11111 diameter test material cylinder about 100 11111 long, a 60 ·c 
initial temperature, dried miterial (reconstituted to 1 wti water) screened 
through a 140 mesh screen, and a specific ·gravity of about l.Z (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 ta be about JO 
seconds after start of the reaction). Controlled venting down ta 
atmospheric pressure, through an orifice upstream of the filter housing, 
will protect the filter system and provide favorable conditions for 
obtaining a good aerosol sample. The orifice should be sized to contrai a 
maximum f1ow through the filter of a.S cfm. It is important that 
Westinghouse Hanford Company (~HC) simulant be used instead of vendor
produced material because the WHC simulant has traceable cesium in it and 
the vendor material does not. 

A-2 
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Photographs are requested of the deposits inside of the chamber after rhe 
tast. The filter papers and 0 rings from the aerosol filter should be 0 

weighed (to four significant figures) before and after aerosol loading to 
determine the nass of aerosol collected. (Rental of a balance, as 
n~cessary, to make these measurement~ is approved.) Quartz filter papers 
will be used and should be handled with t~eezers only, since sodium can ~e 
picked up from human hands. Filter paper holders have been provided to Jou 
for handling and shipping purposes. 

rt is desirable to make a material balance on the cesium and other metallic 
elements during this test. The inside ~f 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 
remainin~ solid reaction_product~ should be weighed. The gas samples, 
loaded f1lter paper, solid reaction products, and foil liner should be 
returned to WHC for analysis as soon as possible after completion of each 
test. 

Perform the second aerosol test at an initial temperature of 120 2 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 i water added to 
the test material will be retained within the sample at 120 •cup to the 
point of ign;t1on 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 wti water) In-Farm-1 bottom fraction material for this test, the 
25 m aiameter test bed, an initial temi,erature of SO ·c, a specific gravity 
of about l.Z (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 sam.,lars (NUPRO) with end caps to provide a second seal and to 
protect threada<J connections is reQuested. Please report the results of 
these tests, including th• tem~eratures of the chamber gas as a function of 
time, in a su11111ary report, available for public release. 

Please provide measured gas temperatures within the contai~ment at~as~here 
(and provide the location of the thermcco~ples) as a f~nct1on o~ time for 
each propagation test conducte<t to data with the disodium monon1ckel 
ferrocyanide mixtures. The gas temperatures and pressure measurements 
during the reaction time and during cooling time are desired. Temperature 
a.nd pressure measurements of the containment gas atmosphere are also neeae1 
at the time that the gas samples were/are obtained. Your prompt response :J 
this request for tests completed to date would be appreciated. 
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9350199 

About 1.4 kg of additional !n-Farm-1 bottom fraction simulant material was 
shipped to you on January 5, 1993. The composition of the !n-Farm-1 bott~m 
fraction simulant is still being determined by laboratory analysis and ·~ill 
be provided to you in the near future so that the final six screening 
propagation tests can be conducted. About one Kg of U-?lant-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 l. rt 
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 
the containment atmosphere was not adequately purged. See footnotes of 
Table l. 

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

. . 

t:,),__ 
R. J. Cash, Manager 
Ferrocyanide Safety Technology 
Tank Waste Remediation System 

fm 
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I , 

I . 
I I 

Atmosphara Thar.nocouoie 
(a• from Bottom, J" rnside) 

49 titer Vessel 
lZ" !C ~ O.J75" W'all ~ 26.5'° ler.q~~ 
'-"i:.i. lSO u~ :langed ?nets as Sh.ow~ 

~i~ 2, mm dia ~ 100 :am long Samp~a ~c~~a= 

:'iqurs l 
~•=~sol ~as~ C=n~ai:-.men~ Vessel 

A-6 

• 



WHC-EP-0661 

APPENDIX B 
Kicrobalance Calibration 

Calibration Data Sheet for 
SAllTORIUOS Kicrobalance Scale 

1st Trial 

Test 'W'gt, 

1 mg 
10 mg 

100 mg 

2nd Trial 

Test 'W'gt. 

1 mg 
10 mg 

100 gm 

Date: 2-5-93 

Scale Reading 

0.00101 gm 
0.01000 gm 
0.10007 gm 

Scale Reading 

0.00102 gm 
0.01001 gm 
0.10004 gm 

Calibration Standards 

1 mg Class 1 wgt. 
10 mg Class 1 wgt. 

100 mg Class 1 wgt. 

Hl38023191TIU 
Hl38023191PP 
H318023191KIL 

-lrlrlt All wgts. are ASTM Tolerance Class l -lrlr-lr 

B-1 
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I 

APPERDIX C 

Test Data Sheets for Tests T0208-1 and T0209-l 
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Sgple Preparation 

Pre 1 f • f nu:y: Teat ID• 1"~J'-/ 

Step Activity 

1. Measure SO gm of vacuum dried and sieved 
In-Farm-1 bottom sample into clean glass 
beaker. 

Glass beaker tare weight 

2. Add .5 gm distilled and demineralized 
water. "''U }t +l..ol"'O'-' i"' !t 

3. Record total weight of container and 
sample. 

4a. Record weight of empty sample holder. 

4b. Add sample to sample holder packing 
with clean glass rod. 

5. After loading is complet~ (Step 4) 
record: 

W'eight of source beaker and residue. 

W'eight of loaded test sample holder. 
ne.r e,'J,,,~~ fr!J', ~l ~ 

Depth of charge in sample holder. 
~ 

6. Finish sample holder assembly and 
dressing~ 

• heaters '- ~) 
• thermocouples lo;) 
• insulation ""''-/-~ A:,, I 
-.t. 4- , ~IA.I+.,, 1 e...LJ + ,,,.,,,11-~ 

Record assembled weight. 

C-2 

tt, ? . .,r,-r-1 

/ 

Record or Check 

lf-f,O 1,. ~ 
/ '11, CJ 

i: 

O',, j.O 
-J.. [3-' 

J t?, r- 3- ~ 

/~'/, 7f J.. 

v 
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Step Activity Record or Check 

i:..uo 1;. 4..,..,-
7. Prepare a two gram charge of bariua 

peroxide/aluminum starter mix in an 
·25 1111 dia. aluminum foil cup and record. 
total weight. 

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

filter Preparatiqp 

Sa. Weigh clean unused filter element. 

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

Ccmt':11mmt v,,ui Preparatiop 

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. 

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

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. 

~ , / ~,=,.,;' e. / <=...-J e"" t 
o-f'2.,,,,.~ 

~.Ire."" e. 1,...,,~ ... t 
..,__ e>-,?,.,,.,.,_, 

P'f'e. +e,d··(.Md-) PcP-'~ T&J-1- (INtlJ 
1~'-I- 71 s~o ~ -, 

~i.J'fS'°,,;r-

C-3 

s+~+e.J. ;,. f s Jo .,.. -; 
.K.Ad f- i,,U, f .a-t' ~ "/.. 
~ I -;./-1...t,.. ;,zo/-e 

6 /"'"c.e e.-,;J 
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Step 
/ 

Activity 

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

cycle V§i~YYII 
ff 

1 :z...r 
2 :z.. r If 

3 """C. II 

4 2. I',, 

5 
'ZY~ 

Fill 

/~ /411-
(e? 4"'j... 
,~ I'''~ 
/.?/{l'/-

Test 
Pressure 

JP/fdr 

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

Record pressure. 

14. Hold test pressure during instrument 
checkout. 

15. 

16. 

17. 

18. 

Set up instruments and check proper 
allignment. 

Check proper calibration setup. 

Notes _,_P...r.,i&c~zL~_-:.;I '~.@~l"-/2.:;....,,.,:,::;.:/:;..;Y. __ 

-r c. e&L O 1,(_ 

Verify containment is holding pressure. 

Test Sequ.ence 

Verify heater circuit continuity. 

Verify igniter circuit continuity. 
C-4 

Record or Check 

31 /?£'3==-



Step 

19. 

20. 
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Activity 

Begin heating sample up to test 
temperature. When TC #3 is at test 
temperature, record temperatures. 

TC #l __ "C 'f jl 8 C 
TC #2 ___ ° C ~ °C 
TC #3 ___ .. c ~ ·c 
TC #4 ___ °C 'l:J "C 
T'- Ji.~- ;%.,0 o C 

re. j,/,,C, If ""C,, 

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

21. _ Verify data acquisition system is ready. 

22. Verify igniter system is ready. 

23. Start data acquisition system and on 
op•rator signal close igniter circuit. 

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

25. 

26. 

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

Stop data taking. 

Record or Check 
I 

5 + .,,,,,t- ht+ J.-z-fa.... ~,, oo ~.z.c. 

S +-('; )" .P.Z,t 1- J,-a, ~e4-. ~ ?.J _ I..J' ..rec. 

f -f ;J.v,'- r /tr>~ d, '2, /-a_, // r, ,. ~ 

Post-Test Act1yttt11 

21a. Yeigh filter paper. ca-~ d o-rt pt.; 
"'""J ,...,, G, lf..}y - - - -

27b. Insert in filter paper holder for 
shipment and label with test ID#, 

28. Open containment vessel and take 
photographs. 

29a. tleigh test sample holder. /t.L.1f~b -cTs 

-------~ 
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Step Activity 

29b. 

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. 

4.4 Data Reportin& 

Jlecorci or Check 

As customary, FAI will advise WC 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 WC under separate transmittal. 

Pcstmtest debris and filters will be sent to WC for further evalua

tions of the test data. 

J 3 ,, r i. 
J/'-t,2.j. 

~z, b d 

bO 1-

~z. ~ i 

~ 7, --I 7-
;_, 1, 
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T~ TtP;z.,t:J~-1 

I /?rre:... i /4~•/-/~,L,~ hn/u.,;/-

/c5e;,/-f~ i', r1 ~ 

h e.,a..J ;.v..,,,,af"J ,-, ,r i 
a.eve....- /, s-o i 

, •~-:;.. 

s v ;,, ro f .2,. l J,,f-i-~ J ?, 02 1- ;_, I " :J d-

S, d.e.. 5"'C., J""~ :.. ,S-7 .. / 
~ 

Tg Y7 P" 4' (.;, ,._ f', 7 1--

-.iri; 

'" f~ I f''/,/'/ 1- f-7, I 

C-7 
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£~rG" ~- r Ee.~ ~7 
W rt C- 'fl- s YLo .so '- r as T 

I r1=jr y?1t.. css I,) n...G JC),_,.,,~ i,f.,O ~ 

.S >"9 A1 ,, 1- E r E A-1 ,4 t; ~J4 T"' £ ~ '- 0 Ol C, i,.,t. o ......,,_ 

S ~YYT.f le.-· ~o)de-114-' .ZS-..-e-twt.. d.ta x JO/ -e.-_ ~ 
Cl 

VQ.Y, +'l 0,11"1'\.e.~sl 011~ 

Ov e.'f'-a. I I }-J.c.10-\..., t 
re .t. J/r #a,, 7~ 
re. z. I 'IJ • N a • ''I 

( ¥.0) 

L T'- J z '0z.. IY". ~7 ,, 
TC.. '1 732 flo . .ro 

fy4e~,.tvy4!._ T..n.G,,--~~~~ 
~ ~ Y'-- r2-' fO 

~:-v,,1,f ,~ : J-N - r'!!-a.M .1 1',++o...,..,,. 
S~ rJY '-e, '/Ge,f J Iv l=:4t4'11 i.@ ~ c: Y p J'1. 

Vo(,, J,,., tt:.d, J Se. ~~ .. J 

S;yytp/~ \1--'~t s-o. • '1~.W\ SGr. 
S:.~,4/e ~~+- ll/J't ,, fyf~~ +i:1r 
I~l.-tlt'"~ e.i,~~ Z,Z.3 0 ~-

C-8 

t • 

3 • 

' i1/.1.z.} 
'1 • - - - -

lb eaLF~c.. __ _ P&I -',/1,1/ · 

~ I"" ?o >f.O 

~tf,,""1-, es? o/4 / 2 ~z I =fZ 

t~,.., f {L I ~ o ""1 er ft, 
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;O~ /-c- f' )~1- 'l] 

r~Q-1- ,~~"r-1 

W' - - - -
~ ~-

L 

, 
- - -- a., 

p fl~ 
JM/l'V{ 

I- y,o 
J vr ~ \,,. /~/. b VHlA-'t. 

CL ~-ff i1,1~k iu l;tA,A,'( 

'Al II /J'l.. 
IYJG.~ 

?, 7 JHl';,,f 

Ls - ~ - l£+w) - 7 7, f ¥"11/N( " - -
LIS I: I) lltA FMS'~N.S I #I £."" ... l 

Vs -; rroz. J...SXI0-
3 J ?', ~~ 3 :: '"~ -'+ 

f' a..'" J.c.~~ D e.\;1_~ , tj - )Ifs. ~O,'f7 /, ~7.. i \A.{ - - -- - -
VE. 3 r,l'f C..JA;t 3 
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Sgple Preparatiog 

PreU• f nu:y: Teat ID # TO '7-.. C) 'I - I 

Step Activity 

1. Measure 50 gm of vacuum dried and sieved 
In-Farm•l bottom sample into clean glass 
beaker. L u 1-e.:!. s l-21.,.. le.ss Sfe.e...Q... cr-114) 

2. 

3. 

4a. 

4b. 

Glass beaker tare weight 

Add .5 gm distilled and demineralized 
water. ""'-•JC. +\.i..:11P,...ov3-t..!f 

Record total weight of container and 
sample. · 

Record weight of empty sample holder. 
.....,,+"1-. TC.'f -..JL...,_o~e.;;afe.~s 
Add sample to sample holder packing 
with clean g~ass rod. 

5. After loading is complete (Step 4) 
record: 

Veight of source beaker and residue. 

Weight of loaded test sample holder. 
>1 e. f- c.. it.,_,,,,-«-- ~c:,., if b ,-

Depth of charge in sample holder. 

6. Finish sample holder assembly and 
dressing• 

• heaters (. 2. ) 

• thermocouples v+) 
• insulation ..v 11-"'- F-o. I - "'" 

2. .fe.":Aod..$ ,_,L liH,tc,y,., 
Record assembled weight. 

C-10 

ro~4 -/ 

ll.ecord or Check 

j. 

/ 'rf, 0 
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Step Activity llecord or Check 
/ 

7. 
t:~O 'fo. ~,,II 

Prepare a~ gram charge of barium 
peroxide/aluminum starter mix in an 
25 DIii dia. aluminum foil cup and record 
total weight. 

. ( ,,l'-11,.. )fJ:l"'-- ~3-+) 
l '+•IS-,_ ''1'.i.t """'d-~) 

7', il-9 g 
Hold for adding to test sample later 
(step 11). 

filter Preparation 

Sa. Yeigh clean unused filter element. 

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

CopUfrwrot Ye1ut Preparatiqp 

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. 

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

12a. Install assembled test sample holder on 
bottom flange of containment ve'ssel and 
secure all internal connections. 

12b. Install igniter mix and igniter. 

12c. Take photograph of sample holder. 

~' / ~c:..v' e./e~e""t 

C,- ,e.,.,,.;. 

-"• I re.i,1 e. lcs.~~""'t 
-L o-rt..,.,,,,_e,( 

p.,.._ +e,d·(.Md-) 
I 5"'.S-. cfb 

-;.._ ~ 'fS-.. 1 z. 

P "~ -f- T ~ -l- l,..,. : J 
7'/'I .. JO 

'J...'f'f~ .. e,'6 

•,J, 
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Step Activity 

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

Gycle 

l 
2 
3 
4 

5 

vacuum 

~r'' 

Fill 

/C /113,. 
/0 ~s✓ r.,. 
I C,? /.f; 'I-
I 7 //rI"'I--
Test 

Pressure 
30 /<!/,_ 

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

Record·pressure. 

14. Hold test pressure during instrument 
checkout. 

15. Set up instruments and check proper 
alligrmaent:. 

Check proper calibration setup. 

16. Verify cont:ainment is holding pressure. 

I11t Sequence 

17. Verify heater circuit continuity. 

18. Verify igniter circuit continuity. 

C-12 

Record or Check 
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19. 
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Activity 

Begin heating sample up to test 
temperature. Yhen TC #3 is at test 
temperature, record temperatures. 

* 

Record or Qbeclc 

Sf.a.Yi- F2.if da.+:i. 

S t-c:> p J-~t+ data....-

0,00 Sc:.<:.. 

TC #l -/ Z.2.7 •c 
TC #2 t(3 •c 
TC #3 /Z7 •c 

___ "C 
___ ·c 

·c 

~ TC. #.J. s.J.u..,,_,~ e'/.,,,3f"tc. J?e:..k:zv,"'...-
1- VJ -f ~ f- C~J-t- T'~""'-f' e,.,-z. t-..1 ,#4-

;t' --y' a, e.,. e. e.J. 

20. 

21. 

22. 

23. 

TC #4 /;l.J "C 
re. 1:10 a3 
Tc. ,ii~ ;l..J 

--___ ·c 

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. 

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

25. 

26. 

r.Jhen contaimaent pressure has fallen to 
0 psig close filter vent. 

Stop data taking. etA" ~ ½ ~JJJ_ '""' e,~-/-a,1,,-tlA-f.~. 

Po1t-Test Actiyl.tie• 

2 7 a. Veigh f 11 ter paper. ca- w1 d O .. ,t p1 .. ; 

a.l"\,.:l r""' "lc..lt - - - -
27b. Insert in filter paper holder for 

shipment and label with test ID#. 

28. Open containment vessel and take 
photographs. 

29a. Yeigh test sample holder. 4 ,f~f' 
C-13 
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Step Activity Jlacord or Check 

29b. 

29c. 

29d. 

I 

tP,- f- ,:,,f, ~ ,,,,~e.;~e,J, ~ ~ ;,4-f,_p'le- Ju,/&i~ 
Weigl, loeae:Aelke • etal. 
c.~3,-t,1'3 hi<- i-o J fr=,~ S" 

~eigh all foil material. 

-~••t./"'k,..,-t.,14.: ~,d•, 

Total weight of material in containment 
vessel~ r~ 4e;,.u· J,:zla~c.c-

~~ 

30. Reduce test data. 

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

4.4 Data Reportinc 

A.II 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 teaperacures 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 teat data. 

3 tfS-, ~ 
J 2.2, O 

2.1;.,t.1 

I f3.,, 

/f,69 

s .:i.~/lc:.. 
;H .2 tJ' /1>/,f 

.,1tt:.~·,~ve 

T,:,,'~ I ..-e..J1.:ive. 

"-'C."'"""~fe~ +--

,S-/; 1 

Z.3,'-1-

,ZC,,, ,.; 1-

'f .. ~ f 

6/, J 't 

1"'1,1f,2 I n-t ~Jf ele.-kcf //; 66 1-

c-14.f" -:x l-1,Af, ~ /,::;.ti ;<.a.J' ~>"Odvc.A-.., 17 r; /-P ;r... 
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I 

c Je.&,,"'1,e1.1.,·t- P-,,,,e. t-c.s t- Y1-rl- Te..ff-
~{/-+- I.L> O" t-

I • 

! 

Y3~-H-o ~ 7, e--r 1--
J...e~J. i.u...,.-a.flS // I> I~ 
C. C, ""' ~ /, s-o J-

sv ~ 1-"'h.l Jofk,,.,,. g(j!).S'°~ 't- 2-:J, 9~ 
~ 

S,Je.. ~C,,,(!)S-1- S-7 ;:<.._C; 
1-

Tt>p ~-17 1- -~,.ro 1--, 

rt:l'faL 'f 't, lr' 1- ?f,TZ 1-
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1. O lRIRODUCTIOlf ARD SlHIAllY 

This report presents the results of the second test conducted in a 

series of tests directed by Westinghouse Hanford Company (WC) in Ref. [1]. 

For the record, Ref.[l] is included as Appendix A. The test discussed in 

this document, designated as T0128-l, 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 VW sample. Pre- and post-test 

gas samples were taken and have been forwarded to WC for further ana~~ses. 

Details of these results are presented in Section 5.0 and comparisons with 

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

1-l 



2.0 TEST muIPMENT 

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 s~ple 

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 

3Ba02 

(169.34) 

+ 2AJ. • 

(26.98) 

3Ba0 + Al 203 

(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 

Ba02 or= 9.5 mJ/kg Ba02 • The estimated reaction temperature increase is of 

the order of 2ooo•c. This reaction is used to initiate the thermite reac

tions (Fe203 + 2Al • 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 (AJ. 2 03 has a boiling point of 2900°C). However, Ba02 is 

reported to decompose to Ba and 02 at soo•c. 

albeit small, for this ignition method. The 

2-1 

This could be a source of gas, 

barium peroxide/Al starting 
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7/8-9 UNC-18-RH 
3-1 /2" Deep on 
9" BC 30 Pitch 

2 sides 

t 
2-1 /4" 

Dill through 
21 /64" Dia., 
Tap 1/8 NPT 

for E & G 

Dill & Tap 
1/2-13-UNC-18-RH, 

1-1 /2" Deep 
forA,H & K 

K 
D 

J 
A 

l I 
i 

®Tes 

+ + 

TCS 
• 

j 

I 
I 

I I I I 

TCS m Location 112• Off Bottom and 1• from Wall. 

TC6 - Location 1" from Top and 1" from Wall. 

12'~. 

1-9/16" I 
i i 

4m1/4" 8m3/8" 

Dill through 
27 /64" Dia., 
Tap 1/4 NPT 

for B,C,D,F,I & J 

* 
1-e,1 s" I 

MG932027.COR 

Fig. 2-2 High pressure containment vessel used for burn velocity 
tests. · 
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Sample Holder Tube 
25mm Dia. 316 SS 
(0.002 inch Wall) 

Effective Volume 40cc 

Sample Holder Tube 
Heater 

0.060 ·inch Dia. x 16 Turns 
320 E 

E 
a:, -0 -

Base Heater 
0.060 inch Dia. x 5 Turns 

14 n 

Igniter. 

-~ 

TC No.s: 1,2,3 & 4 
Type K, 0.020 inch Sheath. 
Ungrounded 

--•-

IICIIIHOII I 

Fig. 2-3 

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

25 ma diameter sample holder used in burn 
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]. 

I 
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3.0 TEST MATERIALS 

The test sample used in this test, T0127-l, 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 µ 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-Fara-1 Bottoa now Sheet Sample 

Material Yt. % 

--Fe(CN) 8 26.0 
NaN03 50.0 
NaN02 12.2 
Na8 PO, 5.2 
Na2 SO, 3.8 
NiS ~ 

TOTAL 100.0 

Fuel/Oxidizer Ratio .418 

--Fe(CN) 8 is estimated to be 
93.8% Na2NiFe(CN) 8 and 6.11 
NaCsNiFe(CN) 8 • 

The test sample charge was 49.8 gm packed in the sample holder to a 

packing density of 1.33 gm/cm3 • 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. 
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Table 3-2 
Final As-Tested SU1ple Paraaeters 

Test Sample 
lJater Content 
Particle Size 
Sample Packing Density 
Containment Pressure 
Sample Holder Diameter 

InFarm-1 Bottom per Table 3-1 
Dry 
106 µ 
1.33 gm/cm3 

52 atm abs 
25 mm 

Pre-Test Sample Temperature: 

TCl 
46°C 

TC2 
68°C 

TC3 
69°C 

TC4 
50°C 

Pre-Test Containment Volume Temperature and Pressure: 

TC5 
22"C 

TC6 
29°c 

p 
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. 
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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 WC for further analysis. 

/ 
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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 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-l 

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 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 bes~ 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 TCl and TC2. This may be a result of an initial "kick" provided 

by the hot initiator. 

5.2 Overall Containment Environment Response 

Fig. 5-2 provides the overall containment pressure and temper~ture 

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 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 O 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 psi& 
~p - 34 psig 

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

gas relation such as 

(5-1) 
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assuming constant temperature where 

n is the number of moles of gas 

Pis the pressure 

Vis the containment volume 

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

test pressure data as 

.91! 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 - ·~5 - 0.0125 

Therefore, the net relative change in moles of gas is estimated to be 

gn - .0448 + .0125 - 0.0573 n 

The initial reference moles of gas 

4 
n - 22 _4 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 lnFarm-1 bottom sample is 26 wl ferrocyanide of which= 94 wl is 

Na2 NiFe(CN) 8 , (Mw - 316) and= 6 wl NaCsNiFe(CN) 8 , (Mw - 426). The total 

sample charge for test T0128-l is 49.8 gm. These considerations lead to a 

total of 0.0403 mole of ferrocyanide. 
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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 reactions. 

I 
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6. 0 COMPARISON' VIm omER RELATED RESULTS 

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 
~ison of Related Propagation Rate Tests 

Reaction 
Initial Specific Propagation 

Test Material Pressure Temperature Gravity Rate 
atm oc cm/min 

T0727-l IFlB 1 26 1.23 10 
*T0127-1 IFlB 10 60 1. 26 16 
T0819-l vw 50 60 1.25 132 

**T0128-1 · IFlB 53 60 1.33 32 

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

IFlB - In-Farm 1 bottom flow sheet material. 
VW - Vendor supplied material. 
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1. Letter; R. J. Cash to H.K. Fauske, "Subject: Aerosol Propagation 
Tests and Parametric Pressure Propagation Test", January 12, 1993. 

2. FAI/92-66 (Revised), 
Reaction Propagation 
Compounds", July, 1992. 

"Test Plans and Procedures for Determination of 
Velocity in Sodium Nickel Ferrocyanide 

3. 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. 

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

5. 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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H. K. Fauske 
Page 2 
January 12, 1993 

____ W_!:I_C_- E P-0 §§J __ _ 

9350199 

Photographs are requested of the deposits inside of the chamber after the 
test. The filter papers and O 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 
n~cessary, to make these measurement~ is approved.) Quartz fiiter papers 
will be used and should be handled with tweezers only, since sodium can be 
picked up from human hands. Fnter 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 ~f 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 
returned 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 I water added to 
the test material will be retained within the sample at 120 •cup 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 perfonn one additional propagation test at an 
initial pressure of 10 atmospheres absolute using an argon environment. Use 
dry (0 wti water) In-Fana-1 bottom fraction material for this test, the 
25 1111 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 results of 
these tests, including the temperatures of the chamber gas as a function of 
time, in a su11111ary report, available for public release. 

Please pr,ovide measured gas temperatures within the contai~ment at~osphere 
(and provide the location of the thermoco~ples) as a f~nct,on O! 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. You~ prompt response to 
this request for tests completed to date would be appreciated. 

A-2 



HO K. Fauske 
Page 3 
January 12, 1993 

:·. ''•:. ,::•/ 
' \-" 

_ _kl_HC-~P-0661 

9350199 

About 1.4 kg of additional In-Fann-1 bottom fraction simulant material was 
shipped to you on January 5, 1993. The composition of the In-Fann-1 bottom 
fraction simulant is still being determined by laboratory analysis and will 
be provided to you in th-e 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 infonnation 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 
the containment atmosphere was not adequately purged. See footnotes of 
Table 1. 

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

,,,:,_.,-v.et J t r-u 1 y yours , 

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

fm 
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1.0 INTRODUCTION 

SUPPLEMENTAL PROCEDURE FOR TAKING PRE- AND 

POST-TEST TEST CELL CONTAINMENT GAS SAMPLE 
(REVISED: 26 Jan 93) 

This operating procedure covers the taking of test cell containment gas 

samples for ferrocyanide reaction rate propagation tests conducted for 

Yestinghouse Hanford Company and supplements the general test procedures as 

* defined in Ref. [l] . 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 

Use only gas sample container provided by Vestinghouse Hanford Company 

(NOPRO st;;yle with special 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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Containment 
Volume 

In Line 
5 micron 
sss Filter 

~J,JHC-EP-0661 .. 

Gas Sample Cylinders 

WHC Nupro Style 

,id_., __ __,(Pre Test Sample) 

HF931023.CDR 

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

(1) Label gas sample cylinder and valve. 

Label ID Pvte.Te.-s t E>fI-3 I/ /?o~f Tes f-FifI-' 
Date of this verification -~:<.J-~-J;,.,,._~~~"'--J _______ _ 

(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 

Hm TIM~ ~ VACUUM ~ 
10 t?I!, :J~ to t.!J(~ 1 Zi'~~ .J..£...;&J,'" 
10 ~t:rz to "7:Lt? 2 21

1
' ~.fl~ 

10 (J 7: 1,,'L to t,7: fJ 3 
2,·,, 

~I~ 

10 ~7:tr to ~I'~ 2-1) 4 zp, ef ~" 
30 ~t.:62 to ~f,'J)' 5 z.f'.,, X 

(2.3) At end of purge, cap gas sample cylinder until 

ready for use. 

2.1.2 CONTAINMENT VOLUME 

G' 

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 99.91 arg~n 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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Evacuated V 3 
Gas Sample 

Cylinder 

· __ WH_C~_E~:_9661 

Compound 
Gage or 

Manometer 

to Argon Supply 

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 -

Vl Open 

V2 

V3 & V4 

VS & V6 

V7 & VS 

Open 

Closed 

Used for purge cycles. 

Open 

(3) Purge cycle - record pressure readings. 

~CIJ; V6ctruM 

1 526 [ II 

2 ~ (j__ lL 

3 ~iu 
4 r1. r. ,. 
5 ~8:'' 

IllJ., 

l1L_PSJG
J() FS IC-

/4F':JI~ 
~JG-

~ ?S"t? /J' ';( 

(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 21 for 1 hr (Note: if leaks are 

discovered and cannot be fixed at pressure, reduce pressure, 

fix leak and repeat purge procedure). 



Lo Range 
Pressure Transducer 

or 
Manometer 

Hi Range 
Pressure 

Transducer 

Containment 
Volume 

WHC-EP-0661 

V1 

V2 V3 

V4 

V5 

to Argon Supply 

to Vacuum Pump 

Vs 
id.# 

Gas Sample Cylinders 

WHC Nupro Style 

id.t 

HF931021.COR 

Figure 2.1-3 Configuration of test apparatus for purging. 
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2.2 PRE-TEST GAS SAMPLE TAKING ACTIVITY 

fl> if._ 

11~~1) ontainment vessel is leak tight and at pressure. 

11'} C, 77t? r ~ /J'c·7--1 r-_ If · Record: Pressure __ ..;....::,;,.._ •---------
.11, r f Temperature rc.r :J,O°t- 'TG 6 :u; ""G 

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

. -,1,t,' Record containment vessel, 

b ftJ /-~ Record: Pressure 7 Sf' :t~ /J't ~ 
1<111P Temperature re. r /9 'C TC(; /,f

0
t:. 

.. 

(4) Close V2 and V3. Adjust containment v~ssel pressure if 

required. 

(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 POST-TEST GAS SAMPLE ACTIVITY 

(1) After test bum is verified as soon as practical -

Record: Time After Start of Test ---------

p'~ Pressure _____________ _ 

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. 

2.4 IDENTIFICATION VERIFICATION 

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

data to following summary table. 

B-9 
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GAS SAMPLE SUMMARY DATA SHEET 

TEST ID _1,..r_o_1~_r_-_l _________ _ DATE :l..f J~ f iJ 

PII-Tf.ST GAS SAKPLE: 

(a) Gas Sample Cylinder Identification: ---ih--~ ..... T _ __,;;;;;3;._... _____ _ 

(b) Cylinder Volume: 

(c) Test Label as Shipped: TOl~'r-1 /,;,ecT€JT apAf s~,"'t...{: 

C:o4T;;,/#B,v /?e.r~~ .=::; zs-o_e.r(% 

(d) Pre-Sample Pressure: v~ I~ II,- ~ ! ~ Jl,f.c..4-

(e) Containment Volume: Pressure Temperature 

Before Sample: 77t) /&l'f- A-" 0 C. 

After Sample: 7f? t_t'tl- /~-c 

POST-TEST GAS SAMPLE: 

(a) Gas Sample Cylinder Identification: 

(b) Cylinder Volume: _~_-c,_c:._G. ________________ _ 

(c) Test Label as Shipped: Tt:Pl~-1 /-'~..rr r.erz <esc .f?9~el-t=" 
e,'7 r;;,,,,,,,,e.,, /4e.l'.r~ ~ 770 e.r/6-

VA-C:- l'/1/i ~ 1- ~ /KC-4.._ (d) Pre-Sample Pressure: 
/ 1= 

(e) Containment Volume: Pressure Temperature 

Before Sample: 21.., ,.stt, re IP ,2.,s~ 0C. Tt.f"I () •c. 
After Sample: ?J Z l'f /~ "I' 

B-10 
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Daca Shaet P'oi:a L-001 
llaact:ion Propagatioa T-t 

Dace 

Tesc ID 

Material 

Fill Height: 

Mu• 

Inicial Pressure 

Inicial Temperacure 

Final Pressure 

Final Gu Temperacure/Ti!la 

Tesc Configuracion 

Gu Sample 

Residue Sample 

~r J__,._ 1:J 
To JU-/ 

X 1-'l F~ i.. ~oHt,t,,1,,(.., 

~~d.u,_J

-/1,r; 
7 YJ,,t'J'I ;.,r 

' (; - '- ~ ,, ..... J_. 

7,!'f /';"'~~ 

l<.,:J -~ / ----

""¥+-~ 

Yes~ .No • 
Ye• 0 No 0 

Tia•, :tf yes 

Tesc Notes r~~~'-lt.w 
, ~ ~ ... L,, ~ • ---~•%A-v.,-

~ 

Af"""' ...... ....._,T_ 
~----0..:111:u 

10.0DI-Waal ..... '" ........ "_ 
Sample Denaity 

~ 4 ~--rt......._, 

Note ""Y 
Configuration 

~ I" R•t. Elewa,_ 0.00 
j a.-,o.:1n·111 s-, 

CllanQea. •• 

20.S
~1.111"(~ 

l=:::J • 

T ,:ie K. 0.020 1111:11 SM a 111. 

·---Unor--
:l/4• 10 He• Hui 
,---• sno-, 
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Sample Holder Tube 
25mm Dia. 316 SS 
(0.002 inch Wall) 

Effective Volume 40cc 

Sample Holder Tube 
Heater 

0.060 ·inch Oia. x 16 Turns 
32 n e e 

co -0 --

Base Heater 
0.080 inch Ola. x 5 Turns 

14 n 

Igniter, 

------Ref. Elevation 0.00 

0.375• (9.5mm) 

20.5mm 

1. 1 a· (30mm) 

2.36" (60mm) 

TC No.s: 1,293 & 4 
Type K. 0.020 inch Sheath, 
Ungrounded _........_._ 

••11•11•1 I 

J'ig., 2-3 

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

25 - diaaeter saaple holder used in burn 
v• locity tests. 

/ 
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cc'( 

h 'h -+~ ~-f'~~.:r 

t;EJi1 :,.11~
1
-a11 ?/~S 

,s "'1/, -f'~M ~r'-''IM~s 

-=~ -ri:-c, ~ 09 Wt1J..Lof1 f:J 1 -?i~B -'ii I-WJ:l/;l:::I NI : ~ ?p/ 7-,,1.nos-
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b r: 
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D .l, 
i-;--.,-,- -

W' .l 
/ •✓-·/,; , . ,f\ 

I/ -~ -;,, / ·' 
·' / .. · /. / . . ' 

S:s MY v,l-. - - UJ·ti "t- _ , . -

./ ,' "v-, 
.··/-✓- L~ ,. .,~ ·-- -

/ - ).. 
. 

- M_ 1/1, r -t!I ,_ 

•. .· - -
.• V' -

/ , 

.-··/4_ • f + 
a.., , .. 

·-

-I t 

D zS- VJ1W( 

b., 4i.D IYfC.kt J () ,, 4 JNI~ 

~ ~.a 1)1l-k.. I~-, 1J )M!&f, 

w J11{, i... I "1!, k /D' :3 Y"1y1(/ 

-----'-~::.....!.,-:. __ ...:..;:l-::__-_ _-.l_:o..=-...L,+_w~~J __ =_........-:Z~'-' 'J_~mz..J4tt.~------r-

,.. - /,3::J 
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