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Radiological Records and Standerds
3746 Building, 300 Area

Operation of the Redox seperation facility has resul'{;ed, almost ﬁiom the

A. McAdams -

A HISTCRY OF THE REDOX RUTHENIUM PROBIEM

very first, in frequent emission of varying quentities of radioruthenium
in excess of desired limits. Although the exact cauge of the ruthenium
emission has varied, most of the incidents have been characterized by

perticulate céntamination. This report sunmerizes pertinent informetion

on this problem. Section I is a chronological review of the incidents and

operationnl problems attendant with the emission of ruthenium from the

Redox facility. Section II is & brief review of some of the more relevant

process aperations. Section III discusses the various systems for monitoring

the stack effluents and Section IV presents data on the composition and — -
structure of the particulate contamination. - -

1 -Radiation Incidents Associated with Ruthenium Emisgion

Startup tests were performed in the Redox facility during Jenuvary of 1952,

The first processing of undiluted process material occurred during February, 1952.

The first known incldent (Class I #199, HW-24123) of ;uncomirolled release of -
radioruthenium occurred on March 8, 195%1)6.113 to failure of the caustic re- . '

circulation aystem in the H~5 scrubber.

No acourate estimate of the quantity .-

of radioruthenium released ws possible,as the stack alr sampling system was -
not yet in operation. Air concentrations of ruthenium within the 202-S and_ -~
222.8 buildings were estimated to be less than 2 x 10-8 c/cc. *However; o

dats was obtained as to the air concentrations existing’'at ground level outside

the building during the height of the incident. Hend and shoe counters (5-folds)
exhibited a high background count dwring the few hours that the cgnd;ition existed.

(1) A discussTon of this sykem is presented in Section IT of this report.
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That this incident probably involved the first major release of a quantity of
ruthenium, is evidenced by the fact that the dose ratg in the 2923 Jet - -
house pit, through which the ruthenium off ges scrubber (8-5) line passes,
inoreased from 50 mr/hr at approximately 25 feet before the incident to

1 r/hr at the same location after the incident. This increase was believed -
due to condensation of ruthenium vapors on the inner surface of the ruthenium
off gas line. . : _ -

The second incident (Class I #206, HW-25097) probably indicating the release |
of ruthenium from the Redox stack was detected on April 8, 1952, A GM survey
meter from 202-S was discovered, by Calibration perscmnel, to have a small
but highly radioactive particle adhering to the outside of the meter case.

The particle had a dose rate of approximately Lo rads/hr (corrected for source
size) and a chemical analysis showed that the activity wes due principally

to ruthenium, As the iunstrument had been surveyed and found clean just before
pick-up by the Calibration Unit, it was assumed that the perticle settled B
out of the air on to the meter. This assumption was substantiated by the -
fact that the particle was very easily removed from the case. The station
wagon was left. parked with its windows open for about an hour on the day in -
guestion in an area within the Redox facility that was subsequently found to
have many redioruthenium particles. (See next incident description)

The detection of contaminated shoes at Redox on April.29, 1952 (Class I #246,
HW-27447) led to the discovery of the third ruthenium emission incident. -
During the next few days widespread particulate contemination was discovered
primarily in the eastern and northern sections of the Redox area,  The

particles were” found to range in activity from 100 o/m at one inch to 800 nfrads/hr

at surface, all uncorrected for source size. Gross bete activity of the more
active particles approached 0.1 Po/sample, The contafiination is velieved to
have been releaged from the Reddx 1A column by sperging operations performed .
when the column was empty following roubine cleaning of the column. The
activity then passed through the vessel vent system (vhich includes a glass
wool filter in series) to the main stack. This process operation had been
performed with 100 % "hot" material at least once a ménth since startup

and may, therefore, have caused some emission several weeks previous to this
known incident. An examination of Regional Survey air sample data taken
southeast of the Redox area revealed a significant increase In the nunber

of particles per unit volume of air for the week ending April 25, 1952. This
corresponded ‘to the latest sparging period for the 1A colum., A subsequent
examination of Reglonal Survey air sample results taken at this location since
the start of the "hot" runs revealed a somewhat similar increase in particle.
activity per tnit volums of air for the week ending 3-28-52 (The 1A column
was sparged during this week) and of course for the périod covering the known
emission of ruthenium occurring on March 8, 1952, It was also noted that ;
there was another period (week ending 2-21-52) which _showed an increese in
varticle concentration. One conclusion to be joined From these data is that .
some particles were probably emitted for several weeks prior to detection of
the inséident of April 29, 1952, ST - - o= T -
Operations other than the sperging of the "dry" 1A cdlumn are now_believed to.
have contributed to the emission of ruthenium and, perhaps, to other isotope: -
particles, For example, the transfer of process waste from H-2 5 H-3 (centri-
fuge precipitdte to waste solution tank) frequently results in_ruthenium
emission via fthe vessel vent exhaust system. Also, both the North and South
sample galleries at Redox are known to have released several thousand radig-_
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active particles per 1000 cubic meters of exhaust air during the months of
February, March and April, 1952. Improvements in operating techniques reduced
this problem somewhat in succeeding months, though complete cessation of
particle emission from this area was dependent on installation of filters

in the exhaust system. ) -

Several gless wool particle frames (a sheet of glags wool suspended horizontally
above ground on a frame) were positioned both inside and outside the Redox
exclusion erea during May, 1952. Routine surveys indicated a much reduced but
continued emissivn or movement of radloactive perticles wntil June 24, 1952,
at which time a quantity of large flaky radicactive particles were found in_ __
and near the Redox Area. (Considered to be the fourth ruthenium emission
incident and documented as Class I #225, HW-2T431). The perticles were observed
to be 1/6% to 1/32 inches thick and up to several inghes in diemeter. Analysis
revealed the activity to be prir(n 11y ruthenium, though the carrier crystal waa
rredominately ammoniun ailtrate. 1) The stack monitor had not indicated any
recent large emission of ruthenium, but it wa? Saossible that the monitor was
not in oparation at the time of the emission. 2

The large .flaky radioactive particles found near the eastern edge of the .
Redox exclusion area on June 24, 1952, rapidly disappeared and were not visibly
present the next day, though spots of activity were still detecteble. Since

the flaky particles were quite fraglle and also gquite quite hygroscopic, they
were probably broken up gulckly by surface winds or dissolved in ground molsture.
Following this emission incident, several short water_ flushes were pericdically
glven to the main stack in an attempt to dissolve the adhering ammonium nitrate
crystals. However, on ‘the average, little activity or ammonium nitrate was
picked up in the wash water, and the effectiveness of. the operation was question-

-able. It is now believed that, since the air flow in_the stack could not be

completely shut off during these tests, a large portion of the water was blown
back up the stack, reducing the efficilency of. the cleaning operation. Some
contamination (ruthenium) wes picked up by the water; however, on two occasions
considerable ground contamination, apparently from contaminated wash water blown
out the stack, was observed primerily in the immediate vicinity of the base

of the stack, On one of these occaslons, numerous visible bubble ~like masses
were obgerved f£loating to the ground. Immedlate attempts to pick up these
"particles"” were unsuccessful. The resultant activity levels of some of the B
surfaces on which these "particles" dropped and disappeared ranged from 1000 “c/m
to 50,000 c/m at one inch, Analysis of smears from typical locations revealed
greater than 90% of the activity to be dus to ruthenium with less than 1% due

to I331,. A positive ammonia test was also observed. - =
Routine surveys of ground surfaces and the use of glass wool frames positloned

above ground around the Redox stack were continued during the following months

and appeared to indicate the continued deposition of new perticles. No larges -
emission was again indicated until September, 1952, when approximately a 30-fold
increase in ‘the number of perticles per unit area was observed on the gless

wool control frames positioned around the stack and within the Redox exclusion
aree. This may be considered the fifth particle emission incident. Agein

the stack monitor did not indicate any abnormally large emisaion &f ruthenium.
Though on three occasions, September 9-10, 15-16, and 22-23, it did indicate
the release of approximately one half a curie of ruthenium. This was above

(1) A discussion of the formation of these crystals 1s presented in Section II
of this report.
(2) The steck air monitor wes first installed in early June, 1952. -
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the average for the month which was less than 0.1 curigs per day.

The next major deposition of particles was observed by Toubine surveys performed
in the Redox area on August 1%, 1953. (This mey be congidered as the sixth
incident and wae documented as Radiation Incident, Class I $#299, HW-29230.) ~
large fragments or chunks of radiocactive material were bserved on the ground _
surrownding and extending gemerally in a southeagterly direction from the

stack, Iaboratory analyses indicated that the bulk of -the inert material was
primarily samonium nitrate and that the radicactive component was essentially
21l ruthenium., Some of the framents were observed to be several inches in width
and length and up to 1/2 to 3/4 of an inch thick., A mikximum dose rBte of

15 rads/hr at swface including 300 mr/hr at two inched, uncorrected for source
size, was observed on one fragment. Some of them were _.observed to be concave--
convex in shape as if they mey have been formed on a circular base guch as

the inside of a pipe or the stack liner. The routine weekly survey of control.
arees around the stack performed on August 7, 1953, revealed only the usual .
number of new, comparatively small sized perticles. Hence, the large fragments
were released between August 7 and 111-, 1953, Additional large particles were
observed falling from the Redox stack effluent on August 18, 1953. _The stack
monitor did indicate an emisasion of approximetely 2 cufies of ruthenium per _
dey between August 8-11 and about 3 curies on August 11-12, 1953. The stack
monitor alsc revealed two large emissions in early September, 1953. Approx-
imately 35 curies of ruthenium were emitted on Septenmber 5, and about 80 curies
on September 6,71953. This may be considered as the seventh ruthenium emission
incident. = =

The eighth ruthenium-particle emission incident occurred initially “on Jahuary 2,
1954, and again on January 5, 195%. (Documented as Radiation Incident Class I
#333, HW-3076L4)_ Approximetely 260 curies of ruthenium_was estimated to have
been released between January 2 and 3, 1954%. An additional 70 curies was
estimated %o hatve been released on Januvary 5, 1954, BSth estimates are based
on the stack monitoring effluent samples. Ground surveys performed between
January 2 and 9, 1954, revealed extensive contemination (up to 7.5 _Efads/hr

at surface) in the vicinity of Redox with considerable contamination being
detectable over approximately half of the 200 West area. Most of the first
emigsion was confined o the local area around Redox and a comparatively narrow
fan-shaped area_ originating at Redox and extending roughly northeagt towards

the Wahluke sloPe. Failure of the H-5 caustic scrubber was belisved the cause.
of the first of these two emissions, while stack flushing is credited with -
causing the second emission. - - -
Though the following described Rediation Incident (ClaBs I #335, HW-313hk) is -
not directly concernsd with the ruthenium-particle emission problem, it is
believed relevant to-any comprehensive review of the problem and incidents - -
that are attendant to this subject. Following the seocgnd failure of the caustic
gcrubber (on Jafwary 2, 1954) and in an attempt to avoid future direct release
of ruthenium ix event of a 3rd failure of this system, it was decided to route
the H-5 caustic scrubber off-gas line to the sand filter. An unsuccessful
attempt to rercute this line was made by two employees on Janvary 12, 1954 .

The work was being performed inside the Redox canyon Crane cab and resplratory
protection was prescribed and available and should have been worn for the
entire operation. Nevertheless, respiratory protection wes not worn for the
entire period while the men were in the car and as a result some inbalation of
contaminated air did occur with a subsequent nasel disvharge from one employee
showing 50,000 (’:/m or 15 mrads/hr at surface uncorrect@d for sowce. size.
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Another radiation imcident, Class IT #69, HW- 30783, which was rélated to the _
problem occurred during the period January 25, and February 3, 1954%. Routine ..
and follow up surveys revealed nine railrocad employees™ to have personal clothing

Hw~32h73 -~

contamination during this period with one employee receiving a localized expogure

in excess of permissible limits. Seven out of eight locomotives were found .
contaminated and a maximum reading of 100,000 c¢/m at one inch was observed.
Also, the normslly clean surfaces oi seven cask caYs were found highly contani-
nated with a meximum exposure rate reported on one coupling as 21 zgads/hr at
surface. The roadbed and railroad cubts within the 200 West areas were found to
be quite generally contaminated, though not all the contamination can be T
attributed to Redox particles. BSome of the activity is known to have been .
spread as a result of past burial operations, and also’by spread of cask car
contamination réceived during cherging operations performed in the various
facility railroad tunnels. The majority of the cases of clothing contamination
wore recelved as & result of poor radiation zone work practices a.nd olothing
removal techniques, T = Lo :

Widespread contemination of project vehicles became evident during February

and March, 1954, TInitial surveys made in Merch of nearly half of all the -
vehicles on the project revealed that approximately 20 percent of these were .
conteminated in excess of 100 C/mo The contamination Was generally limited to
tires, radiators and the under surfaces of the vehicles. . Chemical analyses = -~
of some of the particles removed from automotive equipment found contaminated _
in March, 1954, indicated that vehicular contamination was not necessarily ‘
predominately ruthenium. A considerable percentage of rare earths was indicated
by some enalyseB. For a more detailed report on vehictilar contemifimtion at —
HAPO, reference is nmade to the meny and comprehensive reports on this subject
igsued by the Vehicle Emergenoy S'hudy Group during March, April and May, 1951&

On April 2‘3, 1951L & Minor Construction employes rece:.yed a localized exposure
in excess of permissible limites to & small skin area of his waist from conteami-
natlon believed recelved as a redult of work in a non-radiation zone area near
Redox, The contaminating material in this case was not saved for analysis, -
but it prokably wes a rubthenium "particle", inmsmuch es the general aree in
which he was working is known to have been subjeot to “showers" of_ particles
from the nsarby Redox s8tack. - ’ o

On April 24, 1954, several hundred square feet of ground surface about a mile
BEast and Southeast of Redox were surveyed and found contaminated. All spots
checked had readings of a few hundred c/m and several Bpots found with a dose
rate up to 750 mra.ds/hr at surface wncorrected for source size, The exact
enmission date for this material was not known. The area was known to have

been conmparatively free of contamination in September, 1553. Also, the contami-
nation was not believed to have been associated with either the emission on B
Janvary 2 cr 5, 1954, as the conteminated areas resulting from those emi ssions

° were gquite well defined e.nd were located farither north.

The ninth emission of ruthedium-particles was detected: “in the 100-B area as a
result of followup surveys after a peir of shoes were found contaminated on
Mey 22, 1954, Particles with readings up to 80,000 c/m were found every ten
feet or so arouwnd the 115-B bullding. Addﬁtional rarticles were found in the
100-B ared amd & maximum dose rate of 1.5 rads/hr at strface uncorrected for
gource size was obasrved, Analysis of the particles confirmed the activity to
be primarily ruthenium and subseguent surveys revealed a well defined path of -
particles criginating at Redox and éxtending northward over the lOG B area and
on to-the Wahluke slope. T -
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On May 24, 1954, particulate ruthenium contamination was dlscovered in the

major construction areas at 200 Eest. Surveys performed during the next few

days revealesd the contaminastion to be quite widely spread within the construction
areas, During the early part of Jume, 1954, approximately 300 acres of ground.
area within the construction zone were surveyed and decontamination or remcval

of the more aciive particles was accomplished. . — R

On June 7, 1954, an employee entered the Redox 291-8 area withoub wearing the
presoribed protective clothing. On his return from the job, he was_found to
have a spot of contamination on his right sock., Redicaubograph revealed the
contanination to be similar to a smell particle and it _is assumed that the
activity was agaln principelly ruthenium. The maximum corrected dose rate

was calculated to be approximately 1.3 ra.ds/hr at surface, In view of the shori
veriod of tilme that the employee was exposed to this contamination, no over-
exposure was believed to have ocourred. =z -

On June 26, 1954, sir, highly contaminated with ruthenium, was forced back from

the Redox canyon into the operating and service side of +the building. Approximately

8ixty emplcyses were potentially exposed to thie highly radiocmctive air. Positive
nose smears were obtained from seven smployees and initial bioassay results on

two of. these employees were quite positive. However, it is not believed at ‘this
time that the hody deposition was in excess of permissible limits. This incident
was Investipated as Radiation Incident, Class I, #370, HW-32421,

Oon June 28, 1954, routine surveys of some of the control ground areas around . _
Redox revealed a 10 fold increase in activity levels at some points over pre- -
ceding surveys maede during week ending Juse 25, 1954, A maximum dose rats of
approximetely 5 rads/hr was observed at some sites,
On June 20, 1954, some contamination was detected outside the perimeter barricade
in the direction of Richland, but no contamination was detected in the city.
Also, on June 29, 1954%, highly contaminated air from the Redox canyon again
reached the "olean" or gervice sides of the building. Perscnnel were again
exposed to this activity without bensfit of respiratory protection for varying
periocds. This incident was also investigated as a radiatlon incident,

II - Process Operations Associated with Rubthenium Particle Formation

A « H-5 Cmustic Scrubber

Ruthenium is selectively removed in the H-lI "oxidation step" by air sperging
the tenkful of solution., The off-gases are directed to the H-5 cauatic scrubber
for removal of the ruthenium,

The H~5 scrubber assenbly consists of a tank and a packed (Reschig rings) tower.
The H~4 tank off-gmses rise through the H-5 tower counter-current to a descending
flow of caustic (15 to 25% solution of NaCH). The caustic liquor is reciroulated
from the tank below the tower. The system was designed on the basis that the
ruthenium would be present as RuOh. In this state 1t can be readily absorbed

in caustic. The exact mechanism by which this absorption takes place iz not

known for certain, though the ruthenium is probably reduced to the Ru (VI) valence

which will form & soluble salt, probably Nap RuOh. Unfortunately it 1s now known
that at least part of the ruthenium coming to thisscrubber has been previously
reduced to the RuOp form which is not soluble in caustic. Ruthenium in this form
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presuwmably pesses directly through the scrubber and at least a portion of it
then passes on through the glass wool filter which is in series with the
scruvbber., In the first ruthenium emission incident it_is belisved that re~
circulation of caustic did not occur due +to solidification of the cauwstic

liguoxr in the reoirculation line.

HW-32473
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Process chzs.nges have recently been made in 'hhis system a.nd a.lao the vessel
vent systern which should essentially prohibit further release of ruthenium
to the stack. These changes include routing the H~5 off-gas through another
caustic sorubbef assembly (tank J-2, which is in the system but which is not
yet charged with caustic), to the J-~3 tank (an improved version of the old
J-1 glass wool Tilter tank) and then to the sandfilter and the stack. The
vessel vent system off-gas is now also routed through the sand filter.

B - -Ammonium Nitrate Formation

The ammonium nitrate crystals are believed to have been formed 1in the main stack
by the mixing and interaction of ammonia gas released during dlssolution of the
aluminum jackets and oxides of nitrogen released during the metal dissolution

step. The orystals apparently built up on the stack linsr and were_ then evenituvally
coated with ruthenium released to the system. After a time the contaminated.
crystals would flake off and be cerrisd up the stack to eventually settle out on
the ground as radicactive particles. The two operations giving rise to the .

two gaseous effluents of concern were not carried on concurrently in the same

cell but were carried on simultaneously in different c¢élls. Process scheduling

has been revised ‘to insure that these two operations are not performed at the

same time., This should aid in reducing the formation of the orystala of

ammonium nitrate and thereby, in reducing the number of radicactive "particles"
diascharged from the stack, Some consideration is being given towards installing

a water sorubber on sach dissolver off-gas line to remove the ammonia and

to prohibit formation of these carrier crystels., Thia_would allow Operations

more freedom in production scheduling than they now have under the presen‘b
restrictions for discsolving vs. jacke‘b removal operations.

III - Monitoring of Steck Effiuents

There are Lwo séparate sampling sysitems currently in usa to monitor +the Redox
stack effluents. Both systems have a common intake at the 50 foot level, and
thus do not, indicate the release of ruthenium particles that may be formed on
the stack liner at heighte above this level., This may account for the fallure
of both systems to indicate an emission when it is appe.ren‘b by ground surveys
that an emission hes ooccurred. -

One of the systems onnsists of a filter followed by a caustic scrubber in series
through which the effluent gas flows at a rate of 1 to 2 cfm. The sorubber
consists of & vessel in which a glven amount of caustic solution is charged.

The effluent gas is drawn (bubbled) through this system, The majority of the
ruthenium activity and any particulate material will be retained on the fillter
while radioiodine will be found primarily in the caustio solutlon. A quantitative
analysis f‘or ruthenium is made on the fil‘ber.

The other sampling system, called the "CM3", is a constant monitoring system

using & Victoreen Thyrode monitoring tube. This sytem doss not have & filter
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in it but does have & more efficient caustic scrubber assembly. The incoming
effluent gas is made to rise counter-current to a descending flow of caustic

through a packed tower. Fresh caustic is constantly supplied to the tower by

a minipump. The caustic leaving the scrubber after being exposed to the effluent
ges is passed through a steel cell which surrounds the. gamma monitoring tube. B
Any gemma activity (ruthenium end iodine either absorbed or as particulate _
material) in the caustic solution is measursd by the tube and recorded on a

chart recorder. The caustic 1s collected in a conteiner after peasaing the
monitoring tube and is normelly analyzed only for iodine. The system will __ .
pick up both ruthenium and iodine,but due to the non-~-uniformity of_the cauvstic

solution where particulate material is concerned and the low flow rate employed

(~~0.4 cfm}, ruthenivm is usually not determined by this system. The chart

of the "CM3S" system 1s connected to a range~changer which automatically changes

the range of the chart as readings approach the upper limit of lower ranges.

A duplicate recorder was installed in the 202-5 building late in 1953 for use .

by operating personnsl. (Note -~ this ig the recorder Peferred to in Radiation

Incident Class I, #333, HW-30764) This monitoring system bas been in more or

less continuous operation and has given good service dwring the past year and

a half,though it was frequently inoperative during the firs'b few mon‘t:hs af‘t‘,er
initiation of ~t:he system :I.n early Jume, 1952. ’ }

HW-32473

A recent (A pril, 1954) a,ddition to ‘the stack air aampling system is known as
‘the Strip Air Sampler. The system consists essentially of a counter and chart

recorder and a roll or strip of filter paper. A sample of the stack effluent .

is drawn through a small circular area on the filter paper. After a given

period of tims, the filter paper strip is automatically moved and the section

of filter that was filtering the air is then auvtomatically positioned under o
the counting tube. The length of sampling and counting time may be varied and

a nearly-continuous record of the activiiy condition within the stack is

readily aveilable with & minimum leg time. The lag time is, of course, de- .
pendent on the length of sample period that is desired. The recorder 1s i :
mounted in the Operational Dispatcher's office in the Redox process - 202-5
Building, =nd the system in general hae given very good service and has been
helpful in correlating activity in the stack with process conditions, The
filter collects ruthenium principelly and, of course, any perticulate matter,
It probably gives an Indication of some of the icdine activity present too,
but the filter collection efficilency for this material is lower than for
ruthenium, This system uses the same air intake as the other two systems.

IV - Composition and Structure of Partlculete Contamination

The composition and structure of meny of the partlcles recently observed in

the 100-B and 200 Areas have been studied by the Blophysics Section. An

excellent and detailed report of this study was made by F. BE. Adlsy, J. M. Nielsen,
and Z. E, Carey, in a letter to D. W. Pearce dated 6-15-54, According to this
report, a total of approximetely fifty particles were isolated and examined,
Twelve particles from the 200 Areas and two from the 100-~B area were analyzed

for percent ruthenium. An average of ~~90% ruthenium was observed on all particles.
The activity ratio of Rull ranged from 0.6 4o 1.4, a value much lowsr than
wes generally observed in 'bhe pagt on the ruthenium eir samples obtained in
the Redox stack. However, the preszence of ammonium nitrate in the contaminatsd
materiel in addition to the high percentage of Ru tends to confirm the Redox
stack as the probable source of the contamination.
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One par'b:!.c]‘a with an uncorrected surface dose rate of 1.2 rads/hr was found to

have & total activity of 6.3 /uo and another particle with an uncorrected swrface
doge rate of 120 mrac“ts/br, a ‘total activity of 0.49 /.lc. There appeared to be

no well defined relationship between particle size and observed dose rate.

Particles of several thousand squars microns were observed frequently, but

1ittle effort was made to separate the contaminating material from the inert
material, 'The particles did show a tendency to fracture during the isolation
procedure in the laboratory. There appeared to be a possibility That some of

the larger particles mey fracture or divide to smaller particles without

attendant loss of asctive material. The particles were gsnerally foumd to be . -
rectangular in structure and opague with frequent specks or flakes of color - T
'black., vellow or reddish brown.

HW-32473

Several particles were forwarded to Biology for enimel’ etudies and severe.l
were retained by Methods for study of the solubility in solutions similar to
those found in the G, I, tract. Additioral studies are planned to confirm
the relationship between dosage and activity.

Summaxry - T
At least n‘tne specific incidents or perlods involving significan'b ru'bhenium
emission have occurred since startup of the Redox process. In addition, there

are indicetlons thet ruthenium particles have been released almost continuouely,
to some extent, since startup.

n!l +
|

It is believed :that in all ceses the ruthenium reached ’the stack effluent vie
either the H-5 tank (ruthenium caustic scrubber) off-gas line or the vessel
vent off-gas line. Recent process changes to these systems have been effected
and should prohibit further release of ruthenium to the stack effluent., Some

of the ruthenium which was released prior to these chafhges may be still edsorbed
on the stack liner or other piping surfaces and will, of course, contribute

for a periocd 'bo gone furi.her, 'bhough much reduced, radiocactive par'biole emission,
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