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THE PAITICLE PROBLEM AT OAK RIDGE NATIONAL LABORATORY

AN HISTCRICAL SUMMARY

Introduction

Early in 1944 radiation measurements made in the X-10 Area in con-
nection with routine surveys indicated a gradual buildrup of general back-
ground activity in the downwind direction from the exhaust stack following
slug ruptures in the reactor. It was also noted that this background con-
tamination decreased with each subsequent ’rain. It was not suspected at
that time that the origin of this radiaticn was associated with airborne
particles. The failure to recognize the existence of radioactive parti-
cles was due, in part, to the fact that adequate instruments were not avail-
able. Furthermore, air samples taken in many areag by constant air monitors
gince the Laboratory began operztions in 1943, have indicated no general or
gross air contamination much above tolerance except for a few occasions when ‘
localized areas were contaminated with radioactive iodine, radicactive
phosphorus, or general radiocactive fumes.

In May 1948 it was learned that the people at Hanford were somewhat
concerned about airbormne particles having high specific activities produced
in the process of carrying out certain phases of their operaticns. In view
of this it appeared desirable to study quite thoroughly the possibilities of
hazards from such airborne activities at the Oak.Ridge National Laboratory.
With this in mind more emphasis was placed on general area surveys.

In the course of a routine survey on May 20, 1948, the presence of
radiation was detected on the platform of one of the service buildirgs
(Paint Shop). The dust and debris in the immediate vicinity of the apparent

gource of radiation was carefully collected and examined in an effort to
TATHOM
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determine the characteristics of the substance bearing the radiocactivity.
The results of the preliminary examination revealed that all of the acti-
vated material was ceacentrated in one smell particle. Subsequently, other
similar particles were iocated in the vicinity of the cafeteria and the
plant laundry.

The fact that isclated particles of very high specific activity were
rather widely dispersed over the plant area gave cause for some concern
since, in all proba')ility, many of them were airborne.

Preliminary investigations, begun early in June of 1948, indicated
the presence of pasticles in areas of high activity in the vicinity of the
reactor off-gas stack. An oil-saturated clotn, placed in the reactor exit
air duct near the exhaust fans, was withdrawn after four days in the air
stream and found to have an activity of approximately 200 mr/hr at 1% inches.
After 2L hours' iecay, the radiation level dropped by a factor of ten. The
separated, oil-free sediment from the clocth was examined microscopically
and found to be composed of particles havirg a range in diameter of about
10 - 100 micron:..

The cumuiative effect of these findings served to emphasize the possi-
bility that there might exist a hazardous condition due to tgé presence of
airborne radiqective particles or the plant site.

Irvestigation of the Seriousness of the Particle Problem

While the preliminary investigations and observations did not provide
sufficient data upon which to base positive conclusions, they did indicate
the desirability of securing as soon as possible definite information regard-
ing the seriousness of the problem.

On June 17, 1948, a full-scale investigation of the particle problem
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was undertaken by the Health FPhysics Division. Manpower was diverted from

certain routine orerations tc this investigation. This decision was made
even though no indication nad been found that radicactive particles smaller
than 1C microns were settling on the Laboratory grounds. Since the per-
centage of particles larger than 1C microns which enter the lungs is be-
lieved to be very small, it was the general opinion that no serious condition
existed because of airborne particles.

Extensive field surveys were undertaken asg the first.major step in
the investigation of the problem, and these surveys disclosed a fairly large
number of radioactive particles dispersed throughout the areas gurveyed.
Special attention was given to freshly graded areas where, it was believed,
contamination would not have been tracked or spread by equipment. The
number of particles found ronged from one per 50 square feet to only a few

in 4,000 square feet. The greatest number per unit ares was fourd in the

vicinity of the reactor coff-gas stack. Examination of these particles re-
vealed that most of them had a characteristic‘gray coler and a range in size
from 90 to 500 microns. It was believed that they originated in the
reactor and were airborne from the stack.

The use of 3' x 4' wooden trays with glass wool bottoms to trap and
hold airborne particles which might fall on them indicated definitely that
at least some particles were'airborne. This corroborated results obtained
in the survey of freshly graded areas which supposedly couid have become
contaminated only by airborne particles.

The first evidence of radioactive particles on the wooden trays with
glass wool bottoms was found on July 21, following a slug rupture on July 20.

An examination of the radiocautograrhs of these trays tzken on X-ray film

revealed the presence of many specks having a considerable range in activity. '
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. Study of the X-ray fiki indicated a range in sizes of the radiocactive parti-
cles from approximatel; a micron up to many microns in diameter. This con-
firmed earlier predict:.ons that where larger particles existed, smaller ones
should also be found. Many of these particles fell into the range of size
which, according to tlie date of Dr. Philip Drinkler of Harvard University,
could be effectively held up in the lungs. Drinkler's data, however,
applies to tobacco smoke, Mg0, and CaCOB, and mey or may not apply to this
problem.

This evidenr:e of particles covering the whole range of sizes from
less than one micron to several hundred microns weas sufficient to indicate
that the problem. of air-borne radicactive particles definitely presented a
possible health pazard, since it included those particles which could be
breathed into tiie lungs and vossibly retained there for a considerable

. period of time Therefore, it was decided that on the basis of this infor-
mation, immediate action should be tzoken to develop methods for maintaining
control of tke formation and distribution of airborne particles on the
plant site.

After considerable discussion of the particle problem with Mr. T. F.
Hatch, he mnde the following statement in a memorandum on the subject: "It
cannot be siid, from the existing knowledge and data, that a.health hazard
doés or does not exist. Owing. to probable reguirements of many yeers to
develop proof from experience among exposed individuals, decision must now
be made &s to corrective measures in the absence of absolute proof. The
only proper position, in this situation, is to assume a potential hazard
and proceed within reasonable limits to institute corrective measures, and,

. in addition, set up animel research to study this hazard".

In a meeting of representatives of Osk Ridge National Laboratory with
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members of the Atomic Energy project at the University of Rochester, the

opinion was expressed by the Rochester group thet "very little if any real
razard to health exists in the present situation, end that shutting down
operations would not be warranted.” They agreed, however, to undertake a
research program to obtain information not presently available but which
ie necessary for a final evaluation of any hazard which may exist in this
connection.
After being told of the particle problem and asked his views, Dr.
Shields Warren of the Atomic Enerzy Commission expressed, in a letter to
. Dr. X. Z. Morgan on October 21, 1948, the opinicn that "the conclusion is
justified that no hazard of pulmonary damage or of ultimate producticn of
pulmonary carcinomas exists”.

The Full-Scale Program

4t a meeting of Laboratory management on August 3, 1948, the tollow-

ing four methods of eliminating the formaticn and distribution of active
perticles from the reactor exbaust stack were considered:

(a) The use of uranium oxide slightly enriched in U235 instead of
solid uranium rods. This method would eliminate the oxidation
of the uranium and the subsequent rupture of aluminum cans.

(b) To enclose all of the uranium slugs in aluminum tubes and con-
vert to water-cooling of the reactor.

(¢) Complete fZiltration of all the cooling air from the reactor
before it is discharzed up the stack.

(d) Recycle and cool the.air, filtering only the purge vhich is

discharged up the stack.

Methods (a) and (b) were believed to be impractical under the existing
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' conditions and woild require a tremendous amount of engineering a2nd develop-
ment work before - hey could be placed in‘use. In preparation for reaching
decisions on meth¢ds (c) and (d) informetion regerding the availability of
filtering equipmert was reguested from various manufacturers.

Luring the following weeks it was decided thet the installation of
filters in the e:haust air stream of the reactor would be the most feasible
and practical solution to the problem. Consideraticn was given to the ad-
visability of wiing 200 Chemical Corps Filters, Type 6, size 24" x 24" x 117,
each with ratec air capacity of 600 cfm, in the filtration process. The
basis for this recommendation wﬁs ag follows:

(a) Any open system of removal devices will undoubtedly be followed

by a mechanical filter as & final clean-up apparatus before dis-

. charge of effluent gaseé to the atmosphere.

(b) The Chemical Corps Filter hkas been fabricated on a production
basis and found to function satisfactorily under various field
conditions.

(¢c) The Dayton and Hanford plants have cbtained good results with
it and the primary obJjection seems to be cost, with disposal
following contamination a secondary objection. Techniques for
removal and disposal have elready been developed and have been
in effect for approximately a year at the Dayton plant.

(d) The framework installed can also te used for a glass wool filter
instead of the paper type if, in'the light of future developments,
this is deemed advisable.

(e) The recommended filters were already in production for use at

‘ other ABC installations and could be obtained in a minimum
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amount of time, whereas the other filtering devices for
radiocactive meterials are still, more or less, in the experi-
mental stage.

Using the dioctvlphthalate ond metkylene blue penetration tests,
according to information received from the Chsmical Corps, results indicate
that the WS filter No. 6 will remove 99.97% of the smoke and dust particles
having a median diemeter of €.25 - 0.35 microns from an air stream and wili
allow the passage of cbout 3 per 100,000 particles having diameters of 0.8
nicrons. Larger or smoller particles will be removed with even greater
efficiency by CWS #6 peper.

By September 2C, 1S48, the following progrom had been formulated for
a comprehensive and coordinated attack on the particle problem:

1. Removal of Solid Perticles from Reactor Air

(2) Technical Division - Design and procure cyclones, filters, and
electrostatic precipitators to remove dust perticles of .1
micron and above. Installation of filters to remove particles
to be expedited by all possible neans.

(b) ZFngineering Division - Design and comstruct suitable facilities

to hold the above equipment on its arrival and install equipment.

(¢) Operations Division - Survey slug channels each déy for slugs
undergoing swelling. Spray water in exit air duct during dis-
lodging of ruptured slugs. Prepare detailed data on previous
slug ruptures.

2. Determination of Cther Particle Problems

(a) Health physics Division - Investigate frequency of particles

emitted from other buildings in which lerge quantities of
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radioactive matericls are processed. Investigate incinerator to
determine if any active meterial is being burned.

3. Experimental Work on Decontaminsation

(a) Engineering, Technical, and Health Physics Divisions - Investi-
gate means of decontaminating the process area to remove solid
particles from the roads and ground. Determine the effectiveness
of wetting and oiling the roads. .

(b) Engineering and Scfety Departments - Carry out oiling and wefting
of roads and sidewalks. Arrange to vacuum areas and decontaminate
by dirt removal or covering, grass planting, etc. If necessary
to keep dust down, cover roads and eny dusty areas with calcium
chloride.

4. Policy of Operations

During the interim period umtil the filters could be installed the
reactor was to continue in operation. Since it was believed a large per-
centage of the particles in the air came from those which had settled out
and become airborne again due to the movement of vehicles or wind, the problem
could noi be solved merely by shutting down the reactor. ZEvery effort was
made to detect swelling slugs before they ruptured. 0Oiling and wetting
streets along with decontamination procedures were carried out to reduce the
number of airborne particles. While the particles were considered hazardous
very little actual datzs was avallable to substantiate this belief. In any
case, it was believed that the nunmber of particles inhaled by personnel during
the interim period would not greatly increase the denger.

The following plan of immediate attack was proposed and adopted:

1. Carry out the following steps to fix the particles that are already
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settled in the X-10 Area so that they would not become airborne repeatedly:

(a) Plent gross
(b) Wash particles off roofs, surfaced roads, etc., with fire hose
(¢} EHard surface all permanent roadways and keep other roadways oiled
(@) Block off roadways thot ars not needed
2. Determine the location of all particle-producing operations and discontinue
or postpone these operations {with the sexception of the reactor operation)
until filters, precipitators, and other particle-removing equipment are in-
stalled.
(a) Investigate the advisability of postponing or eliminating the
Rale runs until particle-removing equipment wos installed.
(v) Adopt similer precautions regarding cther operations, such as
redox process, thet were believed to contribute to the number
of particlss in the Z-10 Area. ‘
3. Remove ruptured slugs from the reactor only during favorable metoerclogi-
cal conditions and when there were a minimum number of persons in the X-10
Area.
(2) Remove slugs only when there was & wind velocity equal to, or
greater than, 3 miles per hour and no inversion. This, in
general, precluded a ruptured slug removal operaﬁion except
during the day shifts of Saturday and Sunday since inversions
continue throughout practically every night.
4. During a period of a week following a known slug rupture, discontinue
reactor operation when the following conditions exist:
(2) An inversion

(b) A wind velocity less than 5 miles per hour

{(c) The wind is blowing from the northeazst or east

-9 - —




This meant that for a week following a slug rupture the reactor would not
ordinarily operate at night and it would operate only zbout half time during
the day.
5. Move with maximm feasonable speed to place in service particle removing
equipment wherever needed.
6. Use every reasonable means to locate and remove a ruptured slug as soon
as it occurred.
7. Begin an investigative nose sweobbing érogram in which approximately 50
selected persons would stop by the Dispensary for o nose swab at the close
of each working day. The Health Division was to make the swabs which would
be collected, placed in envelones, and turned over to the Health Physics
Division to monitor for beta and gomma activitzy. (The seme 50 persons were
to be used throughout the experinent.)
8. It was also decided thot chest X-rays would be niade for all personnel
erployed at the Laboratery. These were to be compared with those made at
the time of employment with the view of determining if any evidence of parti-
clé denage could be detected.
9. The Bealth Physics Division would continue to collect information con-
cerning the particle probler and determine, if possiﬁle, the following:

(a). Origin of perticles

(b) Size distribution

(¢) Frequency and number

(d) Activity (alipha, beta, ond gorma)

(e) ZEffectiveness of above remedial mezsures

(d) Extent of hzzords involved.

- 10 - AR—




10. Develop new instruments for measuring the cctivity leaving the reactor
in particulate forzm, and detect ruptured slugs at the earliest possible date ‘
after their occurrence.

Concentrated Study of the Particle Problem and Remedial Action

It was decided to install irmedictely in the reector exhaust air duct
two thicknesses of Anmericen Air Filter,Company, FG-50 glass wool filters,
followed by Chemical Warfare Scrvice filters No. 5. As soon as the decisibn
was nmade concerning the types of filters to be installed in the rcactor exheust
air streanm, design layout of the necessary structure.to house the filters was
started. The basic layout wos presented to the Austin Company for detailed
design on September 21 and preliminary greding wos begun on September 22 by
the J. A. Jones Construction Corpany. Construction proceeded on two ten-
hour shifts daily until the filter house was put into operation on November
15, 1948, Preliminary efficiency iests on the operating filters were started .
at once. '

It now appecrs that in 2all probability the present filter system is
sufficiently effective to riake the electrostatic vprecipitators unnecessary.
The CWS #6 paper, in the manufacturer's efficiency tests using dioctylphthalatec
smoke, removes 99.97% of the particles of O.3lmicrons dicmeter. In addition,
retention of airborne porticles of sneller dianeters takes pléce by adsorptiocn,
absorption, or some other means not well understood. Data furnished by tﬁe
Chemical Warfare Service indicates that the efficiency increaées 8 the size
of the particles is decreased te the range in which Browniaon movement is
effective. There appears to be cn optimum particle size for which the filters
are least efficient. OSince this size is in the range of about 0.3 microns

and since the filters cre supposed to remove 99.97% of the particles in this

range, they should have a2 very high overzll efficiency. ‘
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An order hos been placed with the Ducon Company of Mineola, New York,
for a twelve unit cyclone separator assembly capable of handling the exhaust
air from the reactor. The cyclones were originally scheduled to be shipped
by December 11, 1948. A preliminery design report for a cyclone building has
been completed and transmitted to the Austin Corpany for preparation of con-
struction drgwings. Until it is determined whether installation of the
eyclone separator unit is economically warranted, the actual installation of
the system will probably be postponed, although considerztion is being given
to the installation of cyclones to determine their effectiveness in reducing
the load on the filters cnd to obtain operating date.

A thorough survey was mode of the possible applicaticn of electrostatic
precipitators to the X-10 air cleaning problem. These investigations revealed
that no performonce date was available for this type of filter system operated
under conditions requiring as rigid specification as those demanded ot the
Laboratory. Therefore, there is no cssurance that electrostatic precipi-
tators can approach the effectiveness expected of the newly installed filter
systen.

The installation of electrostatic precipitators is also being post-
poned until such time as either (a) experience shows that *he life of paper
filters is so short as to nmake installation of electrostatic precipitators
feasible on a purely economic basis, or (b) there is evidence that the filters
are not removing a sufficiently large number of particles. To date, neither
condition has been proven to exist by the data availeble. Nevertheless,
electrostatic precipitators mey be installed at o later date to rednce-the

load on the present Pfilters and thus cut down replacement costs. In any case

development tests will be conducted on electrostatic precipitators to determine
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their overzll effectiveness in remcving radiocactive poarticles from the
reactor exit cooling air. The use of improved roughing filters will also '
be investigated.

Since the reacter was known to be contributing airborne particles and
since Hanford experience indicated thet chemical cperations were anocther
contributing factor, & progronm cof study of the exhoust gases from the various
process buildings was set up.

Permanent air cleaning facilitiles were studied for all contaninated
exhaust gases in the area. The contaminated air can be classified as follows:

(2) Dissolver and process off-gnses which ore highly redioactive and

require scrubbing to remove acid gases such as NO,.

(b) Cell ventilation.

(¢) Hocd exhaust.

Several collection and decohtam:ination gystens have been studied, in- .

volving different groupings of buildings. The possibility of materially re-
ducing the flow of contaminated air from each building was considered in
order to decrease the size of air cleaning equipment. Air ventialation
systems in the past have been designed on the principle of dilution; i.e.,
the more air ciruclated the better. HNow the principle has been changed to
call for the circulation of o minimm amount of air and removal of all
possible particulate matter and all gaseous impurities before it is exhausted.
Tests were conducted, therefore, to reduce materially the flow of contaminated
air from each building. In general, the cleaning systems originally planned
would consist of the following:

(2) ZEquipment for Off-Gas Lines - Scrubbers to remove acid gases

and traces of soluble gnseous activities such as 113t » plus
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' additional cleaning for particula.te activity aleong with the
cell and hood exhoust air sfi'eams.

{b) Cell and Hood Ventilation - A roughing filter similar to the AAF
Deep Pocket FG 50, and a finishing filter such os the CWS #6
paper. Depending upon the experience gained with the use of
these filters in the reactor air cleaning system and upon experi-
mental data, electrostatic precipitators nay be installed.

More recent reccmmendotions follow'a somewhat differ‘ent plan of attack:

(a) For very high level sources not containing excessive corrosive
agents or noisture - l. layer ¥G 29, 1 layer FG 50, 1 layer CWS #6
paper. (Example ~ cell venfilating air for 7C6-D building.)
Fron 2 longefmnge econoniic consideration, the additiori of a
precipitron type cleaner before the filters moy be desirable.

‘ (b) For high volune, low level sources, such as hood air from low
and medium level hoods - a precipitron type electrostatic precipi-
tator so modified as to provide negative instead of positive ioni-
gation.

(¢c) TPFor high level sources containing moisture and/or corrosive
agents - an electrostatic precipitator. Data is not yet avail-
able to ascertain whether a precipitron, plate, on tube type
precipitator is the optiounm type. |

(d) Small volume high level off-gas should not be nmixed into or
processed in the same systenm a‘;a lo;r level, lé.rge volume sources,
such as hoods. ‘

The Technical Division plans to establish an experimental program to

. be instituted as scon as possible to ascertain the rela.tive efficiencies of

‘the various types of filters and electrostatic precipitators.
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%An experinent to observe slug ruptures was undertaken. Results of

this investigation indicated that slugs ®swell to the rupture point rmch more ‘
slowly than had been previously thought. In the experiment not one of the

heated slugs failed in 30 days' operation test, although each had a drilled

hole several hundred times larger then the pin holes which might occur in the

welds of metal cases due to faulty canning. Such a comparison suggested thot

slugs with faulty welds oxidize and swell gradually over o pericd of many

months.

The conclusion drewn fren a prelininary study of the possibility of
using Brookhaven-type slugs is that considerable development work would be
required to perfect new slug fabricating techniques and satisfactory remote
coentrol tools. Efforts are now being concentrated on other possible solutimns
to the problen.

An instrument for nonitoring reactor exheust air in such a way as to .

serve as a specific detector for fission geses was developed and febricated.
It is believed that fission gases are produced by fission recoil processes
from exposed uranium in the reactor. The monitor, hence, gives a continuocus
record of the relative area exposed. Since uranium is exposed in the reactor
only when a slug is ruptured, it is expected that this instrument, which is
now in continuous operation, will give a positive and eerly indicetion of any
ruptured slug. cheve:_r , it is not known at present whether or not the
monitor will be a good detector for this purpose, since the background
contanination is rather high and also because no slug ruptures have occurred
since the monitor was installed.

Samplers were installed on the redox operations and the isctope

separations building air exhsust lines. Results cobtained from these samplers,
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which incorporated a cyclone separctor followed by a CWS # filter, indicated
that the redox process was only a very minor contributor of radioactive parti-
cles and that the chemical separations Bldg., 706-D, during the time of a
Rala run was a major source, producing perticles at a rate greater by

several crders of magnitude than any other knocwn source.

Temporary filters had been installed in thé dissolver and vessel vent
off~-gas lines pricr to the Rela run on which data was collected; but no
filter was installed on the cell ventilstion duct. Scrples of the exhaust
air indicated that the cell ventilotion dyct carried out activity at a higher
level than the other lines. Cuilculations based on the data obtained in the
course of the last Rala run indicate that the following ancunts of airborne

radiocactive particles were discharged:

Cell ventilation duct 15 curies/S days
Vessel vent line 2 curies/5 days
Dissolver off-gas line 0.5 curies/5 days

The above data clearly cstablished the fact that the Rala production facilities
constitute a major source of airborme activity. Design work for a cell venti-
laetion duct filter was storted immediately upon the disclosure of theese facts.
It is expected that this filter system will be installed before the next

Rala run.

Dr. R H. Wilson of the Rochester Project visited the Cak Ridge
National Laboratory during November 3-7, 19483, for the purpose of collecting
samples of airborne particles to take to Rochester for analysis in an effort
to determine primarily the perticles size distribution. Results of this work

have not been reported to date.
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Current Status of the Particle Problen

The reactor exhaust air filter facilities have been completed and are .
now in operation. Sufficient data for eveluating the efficiency of the
filters has not been compiled. Datza now being accurmlated will serve as &
basis for determining whether cyclone separators, or electrostatic precipi-
tators, will need to be installed in series with the present filters to reduce
the lond. PFor this use they need be neither extremely high in efficiency
nor extremely expensive.

The fixation of particles which have already settled out over the
plant area has been completed. Gross has beeﬁ plented, the roads have been
paved, and hosing down of the roacds and streets hos been accomplished.

Temporary filters have been installed in off-gas lines of the chemical
separations building (706-D, Rala). Ccnstruction of filter facilities for

the cell ventilation air, somewhat similar to those for the reactor, but on ‘

8 smeller scale, has been sterted and is scheduled for completion December 31,
1948.

Sanpling of exhausﬁ gases from the reactor and chemical seperations
building will continue wuntil the effectiveness of present filter installations
can be ascertained.

Area surveys for porticle contanmination will continue ‘or & routine
basis as e part of the Health Physics program.

The initial progrem for meking chest X-reys for personnel working on
the plant site has been completed. According to present plans, a similar
series of chest examinations will be made every six months.

The study of blood counts is now in progress and, according to present
plans, will continue until sufficient dzta has been accumulated tp evaluate
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The nose swabbing program has been discontinued since no positive
evidence of the presence of radiocactivity in the lungs was obtained and no
reliable quantitative measurements could be made.

Reactor sample stringers of a new design are being developed to de-
crease the number of particles released direetly into the operating arca
when a stringer is pulled out. A temporary particle collector which
eliminates about 90% of the particles has been installed and will be used
until a more efficient permenent stringer =nd collector become available.

Three nethods for detecting ruptured or swollen slugs are being de-
veloped and are presently under consideration. These are methods which will
enable one to detect the defective slugs in an individual row. The method
now in use is designed to detect the existence of a ruptured slug somewhere
in the reactor. Experimental work to determine the most effective method or
combination of methods is expected to begin soon.

Dr. Arthur J. Vorwald of the Trudeeu Senitarium and Mr. T. F. Hatch
of the Industrial Hygicne Foundetion of America have been engaged as con-
sultents on the biological effects of inhaled radioactive particles.
Conclusions

(a) Most of the effort cxpended thus far has been concerned nainly
with the removal and control of existing particles rather thﬁn with the
elimination of their sources. The method of attack appeared feasible in
view of the urgent ncture of the problem. It is deemed advisable that
greater emphasis in the future be placed on developing methods for eliminat-
ing the source of the particles.

(b) Before any final decision can be made regarding the type and

size of the filter systems that will be most feasible for coping with the
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particle problen it will be necesscry to accurmlate more deta om the per-
formance of those systems now in operation.

(c) There is not presently availeble sufficient and reliable data to
permit making a thorough evaluation of the seriousness of the partiéle problen.
Therefare it will be necessary to carry cut more tests extended over sufficient
time to gain more informotion regerding the basic problens involved.

(4) There 1s no positive evidence to lead one to believe that any
significant demage has been caused to the perscnnel and that no appreciable

risk is involved in thc present plent operzctions under existing circumstances.

12-30.48

EJM:WET :ncc
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Problem, 9-48

3rd Progress Report on the Particle

Problen, 11-48

APPENDIX I
. BIBLICGRAPHY OF IMPORTANT REPORTS AND MEMORANDA Ol THE PARTICLE PROBLEM |
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48-9-148 ORNL Waste Disposal S. Mclain -
48-9-254 1lst Wky. Progress Rpt. on ORNL S. McLeain
Waste Disposal, 9-27-48
48-10-49 2nd Weekly progress Report on S Mclain
Waste Disposal, 10-4-48
48-10-132 3rd Weekly Progress Report on S. Mclain
Weste Disposal, 10-11-48
48-10-236 4th Weekly Progress Report on S. Mclain
ORNL Weste Disposal, 10-18-48
48-10-320 5th Weekly Progress Report on S. Mclain
ORNL Waste Disposal , 10-25-48
48-11-17 6th Weekly Progress Report on S. McLain
ORNL Weste Disposal, 11-1-48
. 418-11-108 7th Weekly Progress Report on S. McLain
ORNL Weete Disposal, 11-8-48
48-11-163 8th Weekly Progress Report on S. Mclain
ORNL Waste Disposal, 11-15-48
48-11-24k 9th Weekly Progress Report on S. McLain
‘ ORNL Weste Disposal, 11-22-48
48-11-293 10th Weekly Progress Report on C B. Winters
ORNL Waste Disposal, 11-29-48
48-12-79 11th Weekly Progress Report on C.E. Winters
ORNL Woste Disposal, 12-6-48
48-12-203 12th Weekly Progress Report on C. E. Winters
ORNL Waste Disposal, 12-21-43
ORNL-146 Progress Report on the Particle J.S.Cheka &
Problem, 8-30-48 H.J.McAlduff
ORNL-172 2nd Progress Report on the Particle "
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Remedial Measures Regarding the
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Recommendation for Immediate
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Particle Problem, 9-20-48

Air Gooling Program, 9-20-48
Preliminary Calculations Con-

cerning The Particle Problem,
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Recommendation for Pile Operation

and Particle Program, 10-6-48

Minutes of Conference on Particle
Problem of Isotope and Pilot Plant
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Recommendations for Future Rala
Runs and Particle Problem, 10-11-43
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CAK RIDGE NATIONAL LABORATORY

Tos C. N. Rucker .
From: Karl Z. lorgan
Subject: Remedial !leasures Regarding the Particle Problem.

For thas past two months the Heelth Physios Division ms devoted
conaiderable offort to the Perticle Problem. Somo of the data concermning
this Particle Problem have been reported. {See Report No. 48-8-86 by
K' Z. AKOI'gan' Repo‘.!"h No. QH\L-MG by Jc Se Cheka m Ho Je Ml&uff'
also attached deta sheets.)

A% present we have not been cbls ¢ assess with any accurscy
the biological hazsrd introduced by thase particles becguse suffielent
blological experiments have not besn undertaken. Some such expsriments
are being considered at verious sites, but since tho prineipal concern
is the possibility of the development of cancer at the site of these
particles of high specific activity in the lungs, it wlll requirs several
years of experimemtation before the necessary data is sccurmlated. In
the past, only the gross effects have been studied and it has been asssumed
that ths airborne material from broken slugs consisted primarily of radio-
active gas and extremgly finely divided materiasl that was more or lass
uniformly distributed in the Iung tisgue, Calculations based on these
aggumptions have indicated that at no time has the concentration in the
air (at the mmerous points of measursment in the X-10 Area) exceeded
the deily permissible sxposure to the lungs.

Some time ago experiments were underteken at the University of
Chicage in which microgram quantities of plutonium (= 1/16 microcuria)
wore placed in open wounds of animsls. In a peried of twentyfour hours
approximately fifty percent of the plutonium was translocated from the
wound sits to other parts of the body. The plutoniunm that became fixad
at the wound site tras shown to present a very large probebility of the
development of cancer at that point. It is not known what minimum con-
centration of plutonium will produce cencer in such e wound and, likewise,
it is not known what the relative sensitivity of lung tisswe snd skin
end muscle tissue is in the production of cancer.

ing of the Atonic
Maticnel Defanse of
Ao .’«c‘;, . G. Ga
waiatiern of its corntanis
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¢ arondidited end tay rosull in
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Part of the data in the reports referred to above has been
obtained at verious locetions in the X-10 Area by alr sucking apparatus,
‘collecting particles by breathing aly through a paper filter at approxi-
matsly ten timss the rate of human respiration. The number collected
varles considerably with loeation and with time, from gero to saveral
Iundred particles per hour. ¥We can only assume that man, in the same
locaticn, wonld brestls a similer mmber of particles, scms of which
would be deposited in the respirstory ¢ract. Our radiographical analysis
of thess particles indicates that all sizes sre being airborme, end zo we
are led to suppose that particles of various sizas mey bs dgposited in
diffarent portions of the respiratory tract. The smaller particlaes, that
have a high probability of reaching the alveoll, fortunaiely have a very
low specific activity and caloulation indieates that they would be capablae

of destroying only a thin layer of cells surrounding them. Wlnti‘ﬁror not
this represents & serious damage no one saems to know.

Cur investigation has indilcated thet soms of the largar particles
may reach the lower portion of the bronchial tree and be held up thore for
goma time before they sre removed by the c¢ilia. Such particiles do not
romain long srmough to introduce any silicosis type hazerd. However, they
may remain long encugh to destroy many lmndreds of cella which remain in
their neighborhood for s few hours.

In summary, I would like to state thet we do not know whether
or not 2 serious hazard exists. Ve do know that thers is a large pro-
babllity thaet radiosctive particles are being held up in the respiratory
system. The very fact that such a hazard, difficult or impossible to
assess at this time, exists has led me %o suggest that we congider
sariously taking positive action that %111 minimize the possibility of
adding to this hazard. I would ‘like to suggest that considoration be’
given to taking the following remedial messures:

1. Fix the particles that are already settled in the X-10 Area
80 that they will not be eirborne ropaata&ly. '

a) Plant grass.

x/ b) Wesh particles off roofs, hard surfaee roads, etc. with 8

e¢) Baxd snrface all pemanent rosdways eni keep the other road-
ways olled.

Vﬁ/) ‘Block off roadways that are not needed.
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Determine the location of all particls nroducing onerations and
discontinue or postpone these operetions (with the exception of
the pile operation) until filters, precipitstors, and other
particle removing equipment are instelled.

a) Investigate the possibility of postponing or eliminating
the Rala runs umtil particle removing equipment is installed.

b} Adopt similer precautions rséarding other operaticns, such
es redox, that ara proven to contributs to the murber of
particles in the X-10 Area. .

Remove ruptured slugs from the pile only during favorable
moteorolagical conditions and when there are a minimum mumber
of persons in the X-10 Area.

a) Remove slugs only when thera is a wind equal to or greater
than 8 milss per hour and no inversion, snd when the wind is
not blowing over the plant area. This will, in general,
preclude a ruptured slug removal operation excapt during the
day shifts of Saturday and Sundasy, since inversions continue

throughout practically every night.

During a period of z week following a known slug rupture, dis-
continue the pile operation when the following conditions exist:

2) An inversionm.

b) A wind welocity less than 5 miles per hour.

¢) The wind is blowing from the northeasst or east.

This will mean that for e week following a slug rupture the
pile will not ordinerily operate at night and it will operate
about half time during the day.

Move with the maximum ressonable speed to place in service
particls removing equipment whersver needed.

a) This is a problem for ths Englneering Division.

Use every reasonable precaution to locate and remove a mtursd
slug as soon es 1t occura.

a) This is & problem for the Operations snd Engineering Divisions.
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7. Begin en investigative nose awiping progrem, in which approximately
: 50 selscted persons would stop by the Dispensery Building for a
noge swipe st the close of each work day.

a) This would be a joint projéet of the Health Division and the
Health Physics Division. The Health Division would collect
the swipee which would be collocted, placed in envelopes, and
turned over to the Health Physics Division to monitor for
beta and gamma activity. (The same 50 persons would be used
throughout this experiment.) -

8. The Health Physice Division should contimus to collect informetion
concarning the Particle Problem ss follows:

a) Origin.
b) Size distribution.
c) Frequency snd muber.
. d) " Activity (elphe, beta, and gamma) .
o) Effectiveness of above remedisl messures.
fj Hagard imvolved.

9, Develop new instruments for measuring the activity leaving the pils
in particulate form, and detect ruptured slugs at the earllest

possible date after their occurrence.

a) This is s problem primarily for the Physics snd Chemistry
Divisions.

Perhaps other remedlal messures will be suggested when more information
becomes available. .

KZii:£sc




PARTICIES GOLIZCTED WITH FILTRONS

The values given in the following tables express the mumber
Qf_particles collected over the mumbsr of hours the fiitron was run.
The number of particlse oollacted m detemiued by placing an X-rey
_ £11n, protected from radicactive comtamination by a sheet of heavy
_ paper, in contact with the filter; exposing the film for 2, hours, end
counting the resultant spots on the devalopéd f1lm, All visible spots
are counted, representing partiélés; fanging in activity( from less than
a mndred disintegrstions psr nimite to several thousands of disinte-
gretions per minute,

Hany, or most, of the pamcles collected by the £11tron snd
produeing visibls apota on the fiﬁn are too laerge to have s hiigh pro-
bebllity of being bresthed into the lungs if entering the mostrils. It
is presuned thet other particles of smaller sizes end lower activities
' which escape observation against the more or less diffuse background of
darkensd £1lm resulting from the thousands of microscopic or sub-uicroscopic
particles on the filter, may have sctivities which sre individusily signi-
ficant. For the purpose of compsring volumes of air, the filtron has an
sirflow of some 300 cubic fect per minute; and a man may be expected to
breathe from 150 to 330 cubic feet per 8 hour day if moderately active.
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| . Particles Collected with filtrona
Date TO6-A 105 T04-B 706 205 TO5-8
AMo  Polie  AlMo  PoM:y  AoM.  Pule  AaMe  PoMe  AcMo  PoM. &M PH.
84 1/2 o/2 o/2 o/2
8-5 0/2 0/4
8-6 /2 0/2 0/2 o/2 ofe
87 0/2.
8-8 | 1/2
8=§ 0/4 8/2 ’0/2 o/2 /2
8-10 0/2 o/z2  o/z 129/2 c/2 '
8-11 o/2  o/f2 0/a /2 ofz oz 0.1
8-12 12 o/f2 o2 3/2  ofe 9o/2 ofe
_ ‘I’us o/2 4/2 | s/2  2/2 2/2  of2
8=14 1/2
8-15 o/2
8=16 - 0/2 | 1/2 /2 4fe  ofz 1/
8-17 1/2 o2 0/2 /2 /2
8-18 o/2 o/z 0/2 of2  §7/2 of2 o/f2
819 1/2 o/f2 of2 o2 ofz 0f2
820 0/2 0/2 | 0/2

8=21 . 0/2




Poarticles Collectsd with Filtrons {Continued) ngo 8
Date 706=A 105 1o'4=3 706<D 205 TO3-B
AocMs  PoMo AN,  PoM-  A.M.  P.M,  AcMo  Pol.  AoMe  PoMe. .M. PoM.
8=30 2/2 \ '
8=31 2/2 /2 1/2  29/2 oA 12 /2 77 8/
9-1 2/3 2/3  13/3  14/3 19/3 1275 16/3 /3% 12/3 34z
10/3
3/3
9=2 5/2 2/2  14/3 2/3 3/2 95/‘:5' 5/3 1/3 2/3
3700/3 3600/
13/3
9= 12/1.5 372 - 28/3
| 5/0.5
112/3
" 99 | 9/13 4/3
11/3
9-5 1/3 7/3 0/3
- 43
9-6 , 0/3 2/3 éﬁ
9-7  2/2 0/3 19/3 13 13 2/3
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‘ Particle Collscotion on Frameas

- Treme  Distance and Direction Date Huamber of Perticles
from 106 Stack Out In Tine Total 400 c/m
7 350t SH 6-18 T~22 33 days 45 4
9 75¢ SSB 819 7-22 33 days 119 11
10 150¢ EKB . 7<29 730 24 hrs. 63 12
10 150¢ NER 7-30  7-30 6 hrs. 12 3
3 900* SW | 6-19 86 48 days 14 0
5 460° SSE - 6=19 8-6 48 days 551 13
5 500% E 6=19 8<5 47 days 129+s 0
8 150° ¥ 6-19 8«6 48 deys 261 20
10 160¢ NNB 7-30  8-4 5 days 4 o
{Relocation of some)

.1 700¢ SH 8=3 8-13 10 days 265 = 10
2 1200° § 8-4 8-13 9 days 21 1
3 800¢ WEW 8=6  8-13 7 days 12 0
4 850% BSE 86 8-13 8 days 20 0
5 600° SSB 8-6 815 7 doys 196 0
6 8507 E 856 8-13 8 days 8, 0
7 1850t &% 85 8=13 8 days 20 o
8 1700¢ W 86 8=13 T days 15 2
9 1050t NNE 85 8=13 . 8 days 15 o
10 150° NNE 8=4 8-13 9 days 119 3

# These frames wore near aress of vehicular traffic, and many particles wers probably re-
located., This would indicats that roadways inside the plant should be oiled or treated
with CaCl, to immobilize the dust.

‘* This frams had been used as a foot-bridge snd ths count is, therefore, umreliable.
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Particle Collection on Frames

Particles falling out of the atmosphers ars collscted on peper placed on the bottoms
of 37 x 4' boxes. The dust on the paper is concentrated into an area which can be covered
hy a sheet of Z-ray film, and monitored for radiocactive particles by 24 hour sxposurs i
near proximity to the particles. The method is subjooct to some loss of fallen particles.

The results of two weeks cclloction are givem below, Iccations of the frames ars
relative to the 105 stack.

Dates T00 1200 800 850 600 650 1850 1700 1050 150 -
g | s WE® ESE SSE B SB w NHE NNE
8/13-20 88 12 27 40 530 124 14 20 37 124
8/20-26 T3 29 78 78 2237 669 36 20 87
8/31 to : .,
9.1 165 20 179 1210 135 g1 123 9 98
9/1-2 2 21 45 43 * 121 el 25 56 *
9/3=7 237 #» 108 " un * un T 158 s

# toat of the particles inyolved here are not coumted Yt are estimated at several
Eundred ‘

L3

#* Collsctiona were not made on acoount of rain.




Page 11
Particles Collected with Constent Air Xonitors

The values given in the following table sxpress the number of particles collected by
constant alir monitors oparated continuwously over the perlod indicateds The number of
particles collectsd was dstermined by 24 hour exposure of en x-ray Iilm in near proximity
to the filter used for collection., .

_ The constant air monitors are in relatively sheltsred positions compared to other de-
vices used for perticle collsction, hence the probabilities for collection of larger particles
iz lower,

For purposes of comparison, the flow of air through a constant air monitor is roughly

50,000 cubic feet per week or 7,000 cubic fset por 24 hour day, While it is estimated that
normal broathing rates vary from 150 to 300 cubic feet per 8 hour day.

Congtent Air Monitors

Dates 115<B 706=4 - 735<B
7-12 to 7-19 7 21 - g
7-19 to 7-28 142 18 1
\ ‘25 to 82 28 ' 2 2
8=2 to 8-9 3 1% 8
8-9 to 8-16 0 i 0
8-16 to 8-23 2 2 1
, 8=23 to 8-30 3 11 | 33
8=30 to 8=l 0 0 18
8=1 to 9-2 15 27 13

2o - g I cul I S— il N, G
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Tos C. N, Rucker

From: S, McLain

Subject ¢ Oak Ridge National Laboratory. Waste Disposal

I.- Introduction

This memorandum summarizes the waste disposal problems
along with recommendations concerning the action to be taken
in solution of these problems.. The statements presented in
this memorandum are a result of meetings of the Radiation Hazards
Committee, the Research Council, conferences with other people,
personal opinions, and the Memorandum to C. N, Rucker from Karl
Z. Morgan, "Remedial Measures Regarding the Particle Problenm',
dated September 15, 1948, .C. F, 48=-9-123..

II, Statement of the Problem

The waste material discharged by the Laboratory at the
present time contains excessive amounts of radiocactivity in the
gaseous, liquid, and solid streams. The removal of these
activities will require an extensive research, development,
design, and construction program..

The solid particles carried by the air discharged from
the pile produces the most hazardous and urgent problem,. Next
in order of hazard appear to be the solid particles carried by
the air and dissolver gases emitted by the isotope operations
in Building 706-D and by the Pilot Plant, Building 205. About
25 curies per week are discharged to White Oak Creek in the liquil

This document contains restricted data within the meaning of the
Atomic Pnergy Act of 1946 and/or information affecting the
National defense of the United States within the meaning of the
Espionage Act, 50 U.S.C, 31 and 32 as amended. Its transmission
or the revelation of its contents in any manner to an unauthorized

. person is prohibited and may result in severe criminal penmalty, -
N\ e —
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wastes. - Most of the solid wastes are buried but apparently
some find their way into the incinerator and are emitted as
air-borne dusts or become a part of the ash from the incinerator,.

The air~borne particles have settled out rendering a large
area hazardous since the particles may become air-borne again
and inhaled, The elimination of the sources of these particles
and the decontamination of the contaminated areas are among
our most urgent problems.

IIT, Action to be Taken

The following paragraphs outline the work to be done
by the various divisions of the Laboratory in the solution of
these various vroblems:

a¢ Solid Particles in Pile Cooling Ajr

The solid particles in the pile cooling air are
believed to be uranium oxide formed when slugs rupture

in the pile.
. The Technical Division has undertaken the design

and procurement through the Engineering Division and
Purchasing Devartment of equipment to remove these particles
when formed from the exit air stream, To date bids

have been requested from fifteen companies for cyclone
type dust separators to remove 80% of particles of ten
micron diameter and above, Bids must be submitted not
later than September 27, Delivery and installation of
this equipment should be completed by January 15. The
Technical Division in conjunction with the Austin Company
will design the necessary ductwork, and equipment for ine
stallation, The installation will be either conducted

by the Engineering, Maintenance, and Construction Division
or contracted by that division to the J. A. Jones Company,

This document contains restricted data within the meaning

of the Atomic Energy Act of 1946 and/or information

affecting the National defense of the United States within

the meaning of the Espionage Act, 50 U,S5.C. 31 and 32 as

amended, Its transmission or the revelation of its contents

in any manner to an unauthorized person is prohibited and
‘ ‘may result in severe criminal penalty.
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The Technical Division will design and the Engineering,
Maintenance and Construction Division will procure FG 50
American Air Filter glasswool filters to be backed up
by C"S #6 Chemical Warfare Service paper filters. These
filters will be placed in the ductwork between the
cyclones and the fans with space for an electrostatie
precipitator to be installed at a later date between the
cyclones and the filters., Data supplied by Mr. J. P,
Mitehell, Technical Command, Army Chemical Center, Edgewood,
Maryland gives the efficiency of two layers of the F,G. 50
filter as 99.43% and the CWS #6 as 99,999% when filtering
25 cubic feet per minute per square foot of air with
methylene blue, .8 micron average diameter, and
dioctylphthalate, .3 micron average dismeter. %he CWS #6
is the best filtering medium aveilable at present.

F.G. 50 filters may be obtained and installed in six to
eight weeks, Information is being obtained on delivery
dates of the CWS #6 filter paper. Actual amounts needed
will depend on the physical design adopted. Hanford is
taking all the production for the next sixty days but the
Chemical Warfare Service has stated they can put on
additional shifts and supply the material at an earlier
date, Delivery and installation are expected to take
about six weeks, The Engineering, Maintenance, and
Construction Division will make arrangements for installation
of this equipment in conjunction with the designs of the
Austin Company,

)

The Technical Division through the Engineering,
Maintenance, and Construction Division will procure an
electrostatic precipitator for installation ahead of
the filters. Contacts have already been made with several
suppliers but additional contacts must be made before
adequate specifications can be written, Delivery on
this equipment will be at least six months from this date.
Since electrostatie precipitators increase in efficiency
with decrease in the particle size, the installation
of such a device should remove practically all of the
small particles from the pile air, It is planned to-
continue the cyclones for removal of the heavy particles
and the filters to remove any particles not picked up
due to mechanical or electrical failure of the electro-
static precipitators. With this system practically no
particles over ,1 micron size will escape,

)
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ne, Hard surface all permanent roadways and keep the
other roadways oiled. (The hard surfacing of

the roads is being investigated.)
vde. -Block off roadways that are not needed."

In addition to the above recommendations the speed of
vehicles, particularly patrol cars, should be kept to
a minimum, Also all unnecessary traffic in the restricted.
area should be stopped, This includes all passenger cars,
patrol cars, and unnecessary trucking. A speed limit of
15 miles an hour should be strictly enforced in the
restricted area and the roads immediately North, Fast, and
South of the area, The Safety Department should coordinate
the above work,

b, v Solid Particles from Other Sources

The Health Physics Division will investigate the sources
of air-borne particles other than the pile, The origin,
size distribution, freguency and number, activity (alpha,
beta, and gamma), effectiveness of removal measures, and
hazards involved will be studied, If desired, help will be

_ obtained from the Physics, Chemistry, Technical and other

. Divisions in this work, This investigation will include
the isotope area, particularly Building 706~D, the Pilot
Plant, Building 205, the research laboratories, the tank
farm, and the incinerator., The Teehnical Division in
conjunction with the Austin Company will design equipment
necessary to remove any air-borne activities found by the
survey, At present it appears that dust removal equipment
will be required on a high priority basis for the isotope
and pilot plant areas.

c. Gaseous Decontamination
’ The gases being emitted during dissolving operations
in the isotope area, Building 706-D, and in the Pilot Plant,
Building 205, contain considerable amounts of lodine, nitric
oxides, and other gasebus materials. Experimental work to
determine the best means of removal of these gaseous
materials will be conducted by the Chemistry and Technical
Divisions.,

Serubbing with strong basic solutions should remove
most of the acid gases,. Hanford has contracted with the
Air Reduction Company for development work on equipment to
remove iodine. The process develoved makes use of solid
silver nitrate dried on tower packing. The ilodine reacts
‘ with the silver nitrate to form silver iodide which is
then removed by scrubbing with solutions of silver nitrate,




d. Decontamination Procedures

The Engineering, Maintenance, and Construction Division
in conjunction with the Technical and Health Physics Divisions
will investigate means of decontaminating areas which have
become hazardous due to the active air-borne particles. This
will include streets, sidewalks, and grass areas. Flans
for growing grass on bare areas will be made up by the
Engineering Department and arrangements made to cover other
areas,

The Health Physics Division will determine the effective-
ness of these measures and keep records of the activities
of various areas,

The Engineering and Safety Departments will carry out
a procedure for oiling and wetting the roads and sidewalks
until equipment can be installed to remove the particles
being emitted by the pile stack, They will arrange to -
vacuum the drea, decontaminating by dust removal, grass
planting, etc., in accordance with procedures developed
by the Technical znd Health Physics Divisions in conjunction
with Engineering Division as outlined above, If necessary

.' caleium chloride will be used to keep the dust on roads and

sidewalks down.

In addition to the above, the Health Physics Division
- aided by the Physics, Chemistry, and Engineering Divisions
will complete construction of the large dust collectors,
These will be used to study the dust problem in Oak Ridge
and other locations.

- The Biology and Health Physics Divisions will look
into possible locations for investigation of the effects
of particles in the lungs. Places with qualified personnel
suggested are University of Rochester, Soranac Lake, and
the Toxicology Laboratory at the University of Chicago.
Rochester has already started work, The Health Department
will make daily swipes on about fifty persons.

c. Additional Waste Disposal Facilities

.. The Technical Division, in cooperation with Engineering,
Maintensnce, and Construction Divisions, will supply data to
the Austin Company for design of a new waste disposal system.
"The Health Physics Division will continue surveys of the
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activity in White Oak Creek and other divisions may be asked
to supply information or carry out research of problems
arising fram the design., The items to be covered by this
design work are:

i. Tank Famm

The Technical Division in cooperation with the
Operations Division has designed an evaporator to
concentrate the highly active wastes which have been
sent to tank W~6 for short time storage and decay., The
Engineering, Maintenance and Construction Division
is making the detailed drawings of this evaporator at
the present time. The evaporator is designed to carry
out a reduction in volume from 45,000 gallons per
week to 2,000 gallons per week, The product from the
evaporator can be stored for approgximately two years
giving a decay of approximately 10°, The Technical
Division will design a suitable drier to further
concentrate the waste product from this evaporator to
permit canning for permanent storage through burial of
the products,

. The tank farm facilities are believed to be inadequate
to take care of the waste from the new isotope area and
the new research area which are being designed. The

Austin Company will be asked to carry out a redesign of
the tank farm or possibly the design of an entirely new
-tank farm to handle our future liquid wastes., It should
be pointed out that the present tanks were designed for

a three~year use and are gungite lined. Since these
tanks have been used approximately five years they
cannot be expected to last indefinitely and therefore
must be replaced, ’

2« Isotope Area

A new isotope plant is being designed, The
Austin Company will be asked to design faeilities to
handle the waste from this area, To date the Technical
Division has made no study of the drawings of this -
equipment and can make no recommendations to the Austin

Company.,
3. Research Area

The Austin Company is carrying our a design of new
buildings for the research area. They will carry out
‘ the design of a waste disposal system for the gases
and solids, as well as the liquid wastes from this area.




“Le Incinerator

The Austin Company will be asked to design 2 new
jincinerator which will be equipped with scrubbers to
remove acid materials from the stack gases and with
electrical precipitators and filters to remove all
solid air-borne particles,

5, Fissionable Material Recovery

A large amount of fissionable material has been
sent to the tank farm and precipitated in the tanks.
The Chemistry Division in conjunction with the Technical
Division will develop procedures for recovering this
material, '

6, White Oak Creek

The Health Physics, E ineering, Maintenance, and
Construction and Technical Divisions will study the
#ihite Oak Creek situation. It is probable that a new
dam for an enlarged retention basin will be required,
At the present time approximately 25 curies of activity
per week is dumped into the creek, The Engineering
Division will make arrangements for carrying out the
design of this dam,.

IV. Operation's Policy

The pile should be kept under operation, at least temporarily.
The Operations Division should use extreme care to detect swollen
slugs and remove them with the greatest care, The Technical
Division along with the Austin Company and Engineering Division
should expédite the installation of filters by all possible means,

" The question of continued operations of the pile will be

reviewed weekly.

S, McLain
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VINUTES OF CONFERENCE ON
PARTICLE PROBLEN OF TSOTOPL AND PILOT PLANT AREAS

Plzce: 703-4 Annex Conference Room
Timc: 9:00 4.M., September 24, 1948
Prescnt: T. W. Hungerford

J. W. Gost

J. &. Iane

[

S. C. Barnett

F. P. Baranowski
W. G. Stockdale

W. Re Gall

Jo DQ McKeon (AEC)
W. K. Eister

S. MeLain

L., B. Emlet

R. W. Stoughton
F, L. Culler

Je &. Swartout

J. C. Stcwart

K. C. Broocks (AEC)

The mecting opencd with a discussion of the particle problem
which is present in the prcsent isotopc arca and the pilot plant, Parti-
clcs may come from the dissolvers, from storage tanks, semi-works, ncw
scmi~-works, and the circulating air from the pilot plant and isotope
buildings. The question was raised who is to do what in the design of
facilitics to remove the dust particles,

Drawings prepared to show the means to collect the offegases
from the present isotope area were discussed. Since these were prepared
prior to the realization of the seriousness of the particle problem,
the drawings must be yre~examined, The ventilating systcm was designed
to handle 60,000 cfm from the cells end hoods in the 706~C and D build=
ings. ' ' -
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It was estimated the off-gases from the dissolvers and other tanks
in the C and D buildings arc about 1500 cfm. The Cperations Division will
measurc the off-gases and air during the next Ka La run. o

The use of four gallons per minute of caustic is nccessary during
dissolving to remove the nitric oxides and acid gases present in the off~
gas. Air cnters the dissolver through non-gasketed joints. The Chemistry
Division will investigate the possibility of using sodium thiosulfate or
other means for icdine rcmoval, Hanford has been using silver nitrate on an
experimental basis, .

The sources of contaminated gases end the relative importance are
~ given in the illustration below (1 is most concentrated):

[~ 205 stack |
'Z“ T

4

|

i

H H

i

{_Hot pilot Plant ___706-G and D i
: ;
— ‘ i ‘ s —_ —
' Dissolwver! Cell Venti-| Vessel { Dissolver: : Vossel”
- Off-gases: lation i ' Vonts ! ; Off-goscs | Vents |
) N (6) SRR TN S ¢ ) N bo(2)

706~C and D
R

i Rala Cecll Ventilation§
| and Hoods g

y (5)

A1l gascs except possibly the pilat plant cecll ventilation will have to be
cleaned up, .

It was decided that the Cperations (Emlct) and the Technical
Divigions {Gpller) will oxemine the drawings of thc new isotope area to check

——
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the ventilation system, The Technical Division (Eister and Winters) will
examine the equipment now in buildings 706-C and D. 3Bids arc being let for
construction of 2 new stack by March, 1949, 4 air purification building
will be built as soon as it can be designed anc eithcr the present short
stack used or a temporary stack set up. Two things must be checked: first,
the Enginecering, Maintenance and Congtruction Division (Stewart) will check
to determine whether the A, E, C. will require thc new stack to be built on
e hill; and second, stacks from the old heatcr plants arc available.

The Technical Division (Culler)‘will go shead with a design lay-
out of the purification systenm.

It was agreed thet the work on the 706-C and D buildings would be
assigned:

Technical and Physics (Vintcrs, Rcid, Witkowski) - Semples
Chemistry and Physics (Suartout) - Analyscs
Tcchnical (Culler) =~ Design

The incinerator has becn examined and found to contain very little
contaminations -

The Technicel (Winters, Culler) and Qperations Divisicn (Emlet,
itkowski) are to collect samples from the tank farm. Jetting of material
from Argonne containers is to be checked.

: Information on burial ground particles is to be supplicd Melain
by October lst.

Another meeting will be held to discuss thce new isotope area
design.

\<f e /y cZa

Stuart Mclain
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Preface to B Series Disztribution

Recent Health Physies work (ORNL 146) has shown
that considerable numbers of radioactive particles are being
deposited on the Oak Ridge Hational Laboratory area, mainly
from the pile stack, although there may also be other sources.
The present interest in these particles 1s due to the rsali-
zation that, 1f they are inhaled and deposited in the lungs,
the radiation in their immediate neighborhood will be rather
high, even though the total amount of material {and radiation)
is well within tolerance limits. Particles found by Health
Physics have been of the order of a few tenths of a milli-
meter in diameter and have beta counts of 50,000 to 1G0,000
per minute.

This report was writien as a guide for some of the
current research and as an aid in estimating the hazard. At
the request of Dr. K. Z. Morgan, it 1ls being given wider
circulation. It should be understood that more positive
information will soon be available from the present work of
various groups.

A few minor revisions have been made in the B series
of this report.

PRELIMINARY CALCULATIORNS CONCERNING THE PARTICLE PROBLEM

This report represents an attempt to colleect data
cf intereat Lo the particle problem, based on previsus exper-
ience with the behavior of small particles. Host of the
material has been discussed with G. E. Boyd, who has made
similsar calculations and obta*ned approximately the same
ansvers.

1. Meximum Size of Primary Particle from Pile Stack

Since the air velocity in the stack is 80 to 100
feet per second, the measurements of Martin (Alexander,
COLLOID CHEMISTRY Vol. III, p. 165) can be used to calculate
the maximum size of particles which could be blown from the
stack. This is of the order of 5 mm. dlameter.

This estimate 1s probably high because there are
probably reglons of lower velsocity where such large particles
would settle out before reaching the stack and no correctiosn
has been made for the effect of temperature or viscosity.
Actually, particles approximately one tenth this size have been
found.
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2, Minimum Size of Primery Particles from Plle Stack

Since it is unlikely that there is efficient means
of particle dispersion in the pile, it seems improbable that
there would be many particles smaller than a few microns.
Certainly there would be none smaller than the crystaliite
size of the U0,, which in the sample of dust examined by Z-rays
by M. Bredig was of the order of several hundredths of a micron.

3. Distribution of Particles from Plle Stack According to
Particle Size

(a) Since the largest particles would require
only a fev seconds to fall the height of the pile stack,
they could not be transported more than 200 feet from the
base of the stack, or perhaps 500 feef on a very windy day.

{(p) Particles of 500 micron diameter would fall
at a rate of 10 to 15 {Alexander, 1loc. cit.) feet per sscond
and therefore at a wind velccity of 15 miles per hour would
be deposited at 350 feet Ir»om the stack.

Particles 100 microns in diameter would fall at
approximately 2 feet per second and could bhe deposited up
to one half mile from the stack at this wind veloecity. The
exact pattern of deposition would depend greatly on meteoro-
logical conditions.

If any appreciable fraction of 50 slugs has been
disperzed over the plant area in particles of this order of
size, it could amocunt to about 100 to 1000 particles per
square foot.

{e¢) Particles of 10 microns or less would require
2 hours or more to fall the height of the stack in still sair
and would therefore he scattered over a distance of many
miles from the stack. Under certain conditions (low wind
velocity, coagulation with larger particles, condensation
of water on the particle acting as a nucleus, or heing
caught by a raindrop) smaller perticles would be deposited
with grester than normal frequency near the pile. Under
favorable conditions some of these particles would remain
suspended indefinitely.

Project Cirrus is reported to have some information
about the trajectories of particles of this order of size.

4., 8ize of Primary Particles from Other Possible Sources

On the baéis of experience a reasonable estimate
of the particle size from other possible sources of adé¢litional
contamination can be made.

(a) Particles resultingAfram mists from dissolvers
will in general be less than 100 microns {calculated from the
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size of water droplets carried up the stack and the concen-
tration). By and large the particles produced by this method
would probably be much smaller than those Irom the plle stack,
say of the order of 0.5 to 5 microns. Moreover, these part-
1cles could probably be identified as coming from solution

{f they could be mounted 3o they could be observed in the
optical microscope due to their spherical or crystalline shape,
vhereas the particles from the plle would be irregular in
shape.

It is the usual experience that when 1% solutions
are purposely dispersed with an efficient atomizer, most of
the particles are between 0.1 and 0.5 micron. Without an
efficient atomizer, the particles would be larger.

On account of the size {calculated above)}, auch
particles would be deposited over a fairly large area.
Furthermore, particles from dissolvers would consist mainly
of uranyl nitrate, which would probably bhe further dissemi-
nated to harmless concentrations by rain.  Such particles
wvould seem to be much less dangerous than particles insoluble
in water.

{b) An example of a source of very small particles
{though limited in amount) of material i1s the spectrum analysis
spparatus. Such a method of dispersion usually produces
particles of the order of 0.0l teo 0.05 micron in dlameter,
which are usually aggregated together in small chains.

5. Secondary Particles

{a} Since a particle once deposited is unlikely to
be resuspended in the air from the roads, or from construction
work, during dry weather, the frequent occurrence of such
resuspended particles near the roads {Health Physics data)
is evidence that a very considerable number of particles has
been dlspersed over the area,. '

{b) In a few cases resuspended particles may be
smaller than the original paerticles, but it is unlikely that
any considerable amount of comminution would occur and, in
any event, the particles would not be less than 0.05 micron
in size, which is the limiting size produced by fairly effl-
cient grinding. Cases where a small radiocactive particle
becomes attached to a larger non-radiocactive particle may
also be expected to occur with some frequency, elther by
coagulation before deposition or resuspension.

: (cg The methods suggested by Health Physics {Report
No. ORNL 146) would seem to be capable of reducing still
further the possibility of resuspension of particles already
deposited. Their efficiency should, of course, be checked.
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(d) While the frequency of such particles inside
buildings is much lower, (Health Physics data) consideration
should be given to vacuum dusting (with efficient filtration)
~ and special emphasis on the use of aweeping compounds.

(e) Pilters should be installed in air intakes of
air conditioning systems. Particles greater than a few microns
in size would normally sediment out fairly quickly inside
buildings, but might not fall very quickly if there were
circulation,

6. Summary of Expected Particle Size and Distribution

(a) On account of the relatively poor dispersion
mechanism in the pile, it is to be expected that most of the
mass of the material will be in the larger particle sizes,
say 100 microns up to a limit which appears to be at about
500 microns from Health Physics measurements. These particles
v1ll be too large to be inhaled and will quickly settle out
within one half mile of the plant. A small proportion of these
particles may be broken up and resuspended from time to time,
e.g., from the roads.

{b} A certain proportion of the mass smaller than
the above will be dispersed particles of 10 to 100 microns.
These particles will be dispersed over a much wider area.

(¢) A very small amount of the material will be
broken up into many small particles of 10 microns or less.
Normally such particles will stay suspended almost indefin-
itely and only be deposited by coagulation with other
particles and then settling, or by acting as a2 nucleus for
& rain drop or being caught by it. This material will,
therefore, usually be distributed over a very wide area down
wvind from the pile - possibly a certain small amount would
be carried long distances of the order of 100 miles. Under
certain meteorological conditions this materisl may not be
adequately dispersed. )

(A} Due to the inefficiency of dispersion, there
are probably very few particles less than 1 micron in size.

(e) These suggestions re the normal wide disper-
sion of the smaller particles are based partly on observa-
tions of smelter smoke at Noranda, Que. and Trail, B. C. At
the former place the smoke issued from & 300 foot stack and
continued to the horizon in a well defined column which
gradually increased in size, but did not come down to the
ground. Under rather rare meteorological conditions (a few
days a year)} the smoke settled near the stack. This occur-
renc: was so rare that no damage to vegetation developed.

At Trail, B. C., unfavorable meteorological conditions were
more frequent, and sufficient damage to vegetation occurred
that the company suffered heavy lawsuits. The situation wvas




corrected by careful control of stack gases and shutting the
smelter down under particularly unfavorable meteorological
conditions.

7. BEffect of Particle Size on Probsbility of Inhalation

Based on the behavior of small particles in dust
removal devices such as cyclones, filters, etc., it 1is possible
to make a reasonable estimate of the probability of inhaling
a particle of a given slze.

Particles smaller than 1 micron will penetrate
practically every opening in the lungs. A certain proportion
may go in and come out again (as in exhaled tobacco smoke),
but a part will be deposited. So far as is known no measure-
ments have been made of the fraction being deposited, but it
would be expected to be at least 50% - based on the behavior
of particles in filters.

4 As the particle size increases from 1 to 10 microns
the probability of the particle getting caught in the nose or
throat increases rapidly so the likelihood of the particle
entering the lungs is reduced to a small value - as & guess,
a probability of .0l at 10 microns might be hazarded.

Above 10 microns the probability 1s very small,
but not infinitely small, for particles up to the size of
the human alveoli(20 to 30 microns). While the probability
of any single particle entering the lungs may be extremely
small, exposure of many people over a long time maskes it
certain to occur occasiocnally. :

Particles up to approximately 100 microns could be
caught occasionally in the nose or throat.

8. Probability of Inhaling Particles

- (a) Wwhile (1) a considerable part of the materisl
is in the form of large particles, which settle out quickly,
and are too large to be inhaled and (2) the much smaller amount
of material in small particles would be more adequately diluted
under most meteorological conditions are rather fortunate occur-
rences, yet one must be convinced from Health Physics data {loc.
cit.) that particles capable of being inhaled occur sufficlently
freguently that almost everyone on the plant has inhaled particles.

' (b} On account of the wider dispersion of the smaller
particles a small, but finite, probability of inhalations may
exist over the most of East Tennessee.

9. Comparison with Usual Toxic Dusts

(a) Silicosis is caused by the introduction of
great numbers of very small particles (0.05 micron as shown
by electron micrographs) into the lungs for -long perinds of




time. Similarly, beryllium oxide of thig size will produce
pathological effects. It is found that coarser dusts of these
materials (0.5 micron and greater) which are found in other
process operations are much less harmful. This evidence is
based on work for the Banting Institute, Toronto on silicosis,
and on recent project and industrial experience with beryllium
oxide.

(b) In the present case, the total effect of all
the particles is small and the hazard is caused ty the mate-
rial occurring in one particle rather than being distributed
more widely. Under such conditions it is the larger particles
{one may be sufficient) which are more dangerous, even though
their probability of inhalation is smaller. For this reason
the upper limit of dangerous sizes of industrial dust, which
is usually given as approximetely 2 microns, should not be
considered valid with the present material.

It is 4Aifficult to estimate accurately the biological
hazard from particles of a given size, and it will probably
be necessary to determine this by animal experiment.

10. Behavior of Cyclones, Filters, etc. with Respect to
Particle Size ’

If, as seems probable, the most hazardous particles
come from the pile*, it is desirable to consider factors con-
cerning the efficiency of various possible devices for re-
moving the dust. Most of the problems will undoubtedly be
of an engineering nature and, particularly regarding servicing
and maintenance, much more difficult than are usually met with
in the use of such equipment. However, the following facts
may be of some use in considering the choice of equipment:

. {a) Cyclones may be fairly efficlient for particles
larger than 10 microns, but their efficiency will decrease to
zero for particles less than 1 micron.

{b) Pibre filters catch the larger particles on
account 2f (1) their momentum and (2) the stream line con-
taining the partacle approaching closer to the £ilm than
the particle radius, and catch the smaller particles {chiefly
those less than 0.25 micron) sn account of their Brownian
movement. There is thus & range of particle sizes (approcx-
imately 0.25 to 0.50 micron vitch penetrate a filter more
readily than other sizes. This information ts from V.D.G.I.,
80, 593, 1936. As might be expected, the Chemical Warfare
Services of Britain, Canada, and the United States have ad-
d}t%og:l and more. accurate information on this and other types
0 1lters.

. # The importance of resuspénded particles would decrease
gradually 1f particles were not being added. .

J




For a given pressure drop the Chemical Warfare
filters are much more efficient than glass wool filters.

{¢) An efficient means of removing the dust would
probably reduce the hazard by a factor of about 1000.

11. Remarks on the Efficiency of Health Physics Collecting
Devices with Respect to Particle Size

These remarks are based on previous experience, or
simple experiments.

{(a) Sedimentation Frames: It is unlikely that
sedimentation frames would be effective for particles less
than 5 to 10 microns in size, but they should be satisfactory
for the larger particles.

(b) Piltron Units: Simple experiments have shown
that the small Filtron units have a 1low efficlency for catching
the larger particles due to the horizontal openings and rela-
tively low air velocity. It would appear that they would be
reasonably efficient for particles belov 10 microns and that
the efficiency would decrease to a few percent at 100 microns.

Taking into account that their total rate of
sampling is greater than that of human respiration, but that
the intake in the latter occurs in about one half the cycle,
the collecting efficiency of these units should approximate
that of human respiratisn rather closely. Most of the larger
particles would, of course, be caught in the nose o throat.

Another observation of interest with respect to the
FPiltron unit 1s that the deposit will be denser immediately
over the opening of the vertical suction tube.

{(c) For off-plant area collections the sedi-
mentation frames might not be very satisfactory, since all the
large particles would have settled out and the small ones
vould not be collected efficiently.

—
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CAK RIDGE HATIONAL LABORATCRY

Tos C. N. Rucker
¥rem: Karl Z. lorgan
Subject: Remedial easures Regarding the Farticle Problem.

For the past two months the Heslth Physics Divisien has deveted
congiderable offort to the Particle Problem. Some of the data concerning
this Particle Problem heve besen reported. (See Report Ho. 48-8-86 by
X. Z. forgan; Report No, (RNL-146 by J. S. Cheka and H. J. YMedlduff;
also attached data sheets.)

A% present we have not been abls to asgess with any sccuraey
the biological hezsrd introduced by these particles because sufficions
tiological experiments have not besn undertaken. Some such experiments
are being considered at vericus sites, but sincs the principal concern
is the posaibility of the development of cancer at the gite of these
particles of high specific activily in the lungs, i% will requirs sevaral
years of experimentstion befors the necsssary data is accumlsted. Iz
the past, only the gross effecis have been studiled and it has been assumed
that ths airborne material from bwroken siugs consisted rrimarily of redie-
active gas and extramely finely dividad material that was more or lsss
uniformly distributod in the Iung tissus. Calculations based on thsse
assunmptions have indiecated that af no time has the concemtration in the
air (et tho mmercus peints of measursment in the X~-10 Area) axcaoeded
the daily pormissible exposurse %o the lunga.

Some time ago oxperiments were undertsken at the University of

Chicago in which microgram qusntitiss of plutonimm (2 1/16 microcuric)
were plzced in open wounds of animals. In 8 peried of twamty~four hours

approxizetely fifty percent of the plutonium was irznslocated from the
wound sits to other parts of the tedy. The plutonium that bacame fixwad
at the wound sits was shown to present a very layge probability of ths
development of cancer at that point. It is not krown what minimom ccne
cantration of plutonium will produca cancsr in such a wound and, likewisa,
1% is not known what the relative sensitivily of lung tissue and skin

and muscle tigsue is in the production of cancer.
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Part of the data in the rerports referred to above has baen
obtained at various lcecetions in the X-10 Area by alr sucking appsratus,
collecting particles by breathing sir through & paper filter st approxi-
mately ten times tho rate of human respiration. The number collected
variaes considerably with location and with time, from zero to sgversl
hundred particles per hour. ¥We can only assume that man, 1n the same
location, wonld breatle & similar number of particles, soms of which
would be deposited in the respiratory iract. Our radiographlcal analysis
of these particles indicates that all sizea are belng sirbornms, and so we
are led to suppose that particiss of various sizes may be depositad in
different portions of the respiratory tract. The smaller particles, that
have a high probability of reaching the alveoli, fortunately have a very
low gpecific activity and calculation indicates that they would be capsbls
of destroying only & thin layer of calls surrounding them. Fhether or notg
4his represents a serious damage no one scems to imow. '

Our investigation has indiecated that some of the larger particles
may reach the lower portlon of the bronchial tree and be held up thers for
agoms time before they sre removed by the o0ilia. Such particles do nod
vemain long enough %0 introduce any silicosis type hazard. However, they
may remein long enough to destroy many hundreds of cells which remain in
their noighbornood for a few hours,

In summary, I would like to state thet we do not know whether
or not & serious hazard exists, Ve do know that there is a large pre-
bability that radiocactive particles ars being held up in the respiratory
system. The very fact that such 2 hazard, difficult or impossible to
assess at this time, exists has led me to suggest that we consider
seriously taking positive action thet will minimize the possibility of
adding to this hazard. I would like %o suggest that consideration be
given to taking the following remedial measures:

1. Fix tho particles that are slrsady settled in ths X-10 Area
so that they will not be airborne repeatedly.

a) Plant grass.

b) Wash particles off roofs, hard surface roads, etc. with a
fire hose.

¢) Hsrd surface all permansnt woadways end keep the other rcad-
ways oiled.

d) Block off roadways that ars not neaded.

N —— % D
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2. Determine the location of all particle producing overations and
¢ discontinue or postpone thase operations (with the exception of
the pile operation} until filters, precipitators, and other
particle removing equipment are instelled.

a) Investigate the possibility of pestponing or eliminating
the Rals runs until particle remeving equipment is installed.

b) Adopt similar precautiens regarding cther operations, such
as redox, that are proven to contribute to the number of
particles in the X-1l0 Area.

3. Remove ruptured slugs from the pile only dﬁring favorable
meteorological conditions and when there are a minimum number
of persons in the X-10 Area.

a) Remove slugs only when thers is s wind equal to or greater
then 8 milss per hour and no inversion, and when the wind is
not blowing over the plant area. This will, in genersal,
preclude a ruptured slug removal operation except during the
day shifts of Saturday and Sundasy, since inversicns econtinue

?. throughout practieally every night.
| 4. During a period of a week foliowing & Jmown slug rupture, dis-
. continue the pils operation when the following conditions oxist:

a) A&n inversion.

b) A wind velocity less than 5 miles per hour.

¢) The wind is blowing from ths northesst or east.

This will mesn that for a week following a slug rupture the
pile will not ordinarily operate at night and it will operate
about half time during the day.

5, Hove with the maximm ressonsbls spesd to place in service
particls removing squipment wherever needed.

a) This is a problem for the Engineering Division.

6. Use every reasonable precaution to locate and remove a ruptured
slug as soon as it occurs.

. a) This is a problem for the Operations and Engineering Divisions,

T R e ===g
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. C. N. Rucker (Particle Problem) : Page 5

. 7. Begin an investigstive nose swiping program, in which approximstely
50 selected persons would stop by the Dispensary Building for 2
nose swipe st the close of aach work day.

a) This would be a joint projest of the Heslth Division end the
Heslth Physics Division. The Health Division would collect
the swipes which would be collected, placed in envelopes, and
turned over to the Health Physics Division to monitor for
beta and gamms activity. (The same 50 persons would be used
throughcut this experiment.)

8. The Health Physics Division sheuld contimue to collect information
concerning the Particle Problem ss follows:

a) Origin.
b) Size distribution.
¢} Prequency and number.
| ?‘ d) * Activity (alphs, bota, snd gemma).
o) Effactiveness of above remedial measures.
£) Hazard involved.
9. Develop new instruments for messuring the activity lesving the pils
in particulate form, and detect ruptured slugs at the earliest
possible date after their occurrence.

a) This is a problem primarily for the Physics and Chemistry
Divisions.

s O A PN S o AP &

Porhaps other remedial measures will bs suggested when mere information
becomes available.

b K2iisfse
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‘ APPENDIX A

PARTICIES COLLECTED WITH FILTRONS

The valuss given in the following tables expreas the number
of particles collected over the mumber of hours the filtron was run.
The mumber of particles collected was determined by placing an X-ray
filz, protected from radicactive contsmination by a sheet of heavy
paper, in contact with the filter; exposing the film for 24 hours, and
counting the resultant apots on the developed film. All wisible spots
are counted, representing psrticles ranging in sctivity from less than
& hndred disintegrations per minute to severel thousands of disinte=-

F’ grstions per minute.

Hany, or mogt, of the particles collected by the filtron and
producing visible spots on the {ilm are ioo lerge to have a hLigh pro-
bability of being breathed into the lungs if entering the nostrils., It
is presumed that other particles of smallerj sizes and lower activitles

. which escape observation agaihst the more or less diffuse background of
darkened film resulting from the thousands of microscopic or sub-microscopic
particles on the filter, mey have activities vwhich are individually signi-
ficant. For the purpose of compsring volumes of air, the filtron has sn
airflow of some 200 cublc fsot per minuts; and a man may be expscted to

breathe from 150 to 300 cubic fest per 8 hour dasy if moderately active.
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Page 7
. Particles Collectad with Filtrons
, Date 764 305 "GE-5 5D 205 O3 )
ALH. P.l.  AsMs  PuM. Ao, FuM.  AM.  PAM. AJM.  PoM. Al T .
B4 1/2 0/2 0/2 0/2
85 0/2 0/4
8-8 ofe /2 o/2 o/2  o/2
8.7 o/2
88 | 1/2
8=5 0/4 /e ofz o2 of2
8-10 0/2 o/2  of2 ‘ 129/2 072
8-11 o2 0o/2  0/4 o/2 ofe oz o
8-12 /2 o/ o/z z/2 of2 o/ o/
,}.13 0/2 4/2 s/2 z2/2  2/2  of2
8-14 1/2
' 8=15 0/2
8=16 0/2 C1/e /2 4/2  0/f2 1/2
8-17 /2 0/2 0/2 0/2 o/2
8=18 o/él 0/2 0/2 042 57/2  Of2  0/2
3=19 /2 o/2 5/2 0/2 of2 02
8=20 0/2 o/2 0/2
8=21 0,2

()

8--22 /

¢
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Tarticlies Coilected with Filtrens (Continuad)
@
. Date 706=A 105 T04-B 6 -1 206 T03-8
Aol BaMe AsM.  PoMe  A.M. PoMe AoMe PeM, AlK.  PoM. 4M. PO
« 3=30 2/2 -
8=2 2/2 1/2 7/2 23/2 0% 1/2 /2 72 872
9=} 2/3 2/2 13/3  14/3 w3 1275 /3 83 1273 3/2
10/3
3/3
9=2 5/2 2/2 14/3  2/3 372 95/%  5/3 /3 z/;
3700/3 3600/3
11/3
93 12/1.5 342 28/3
5/0.5
‘ 112/3
94 9/13 43
“ ' 11/3

9-~5 1/3 7/3 0/3

L/3
96 o /3 /3 é@
9-7 2/2 0/3 10/3 /3 1/3 2/3
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Particie Collection on FPrames
o
A Frams  Distance and Direction Date Humber of barticles
from 106 Stack aut In Time Total 400 iz

. )
7 350° SN 8-19  7-22 33 days 45 4
9 75 SSE 6=19 722 33 days 119 i3
10 150° NEE 7-29  7-30 24 hrs. 83 12
10 150° HNE 7-30 7-30 6 hrs. 12 3
3 900¢ SW 6-15 S=6 48 days 14 0
5 450° SSE 6=19  8<6 48 days 5518 13
6 500t B 8-19  8<56 47 days 129%e 0
8 150° N §-19  8-6 48 days 261 20
10 150 NEE 7-30 8=4 5 days 4 0

{Relocation of zome)

“Q 700° SR 83  B-13 -0 daye 265 » 10

« 2 1200° 8 34 8-13 9 days 21 ]
3 800" WHW - BeB 8=13 7 days 12 0
4 850° ESE 8=5 8-13 8 days 20 o
5 600° SSE 86 8-13 7 days 1969 0
6 850! B 85 8=13 8 days 8 0
7 1850 SW 8=5 8=13 8 days 20 S
8 1700° ® 86 8-13 7 days 15 2
9 1050 NNB 8~5 8=13 8 days - 15 0
10 1507 HHE =4 8-13 9 daye 119 3

# These frames weres near areas of vyehicular traffic, and many particles were probably re-
located. Thisz would indicate that roadways inside the plant should be oiled or treated
with CaCl, to immobilize the dust,

£l

‘3 This frame had been used 23 & foob-bridge snd the cownt is, therefors, unreliable.

P s
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. Particle Colilaction on Frames

Particles falling out of the atmosphere are collected on paper placed on the bottoms

. of 3 x 4°* boxes: The dust on the paper is ooncentrated into an area which _can be covered
by a sheet of X-ray film, and ronitored for radiocactive particles by 24 hour sxposurs ir
near proximity to the particles. The methoed is subjecot to some loss of fallen particlasc

The results of two wesks cdllection are givén below, Ilocations of the frames are
relative to the 105 stack. :

Dates 700 2200 800 850 600 660 1850 1700 1050 150
" s WEW ESE SSE B sh L NHE NHE

8/13-20 88 12 27 40 530 124 14 20 37 124

8/20-28 T3 29 78 78 2237 659 36 20 a7

8/31 %o ‘

ga1 611 165 20 179 1210 135 81 123 39 98

9/12 79 21 45 43 s 121 1 25 56 »

9/3=7 237 % 108 an T i an 158 %

» .
. # lost of tho particles involvsd here arae not counted but are estimated at several
hundred.

#% Collections were not made on sccount of rein.

TR TS
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— Particles Collected with Constant Air Monitors
. The values given in the following table sxpress the number of particles collected by

constant air monitoras operated continuously over the period indicated. The number of
, particles collscted was determined by 24 hour sxposures of an x-ray film in near proximity
® 4o the filter used for collection.,

The conatant air monitors are in relatively sheltered positions compared to othar de-
vices used for particle collsction, hence the probabilities for collection of largsr particlss
iz lower.

For purposes of comparison, the flow of air through a constant air monitor is roughly

50,000 cubiec feet per week or 7,000 cubic feet psr 24 hour day., While it is estimated that
normal breathing rates vary from 150 to 300 cubic fset per 8 howr day.

Constant Air Monitors

Dates 115-B 706=4 756<B
7-12 to 7=19 7 21 9
7=19 to 7-26 142 i8 1
i‘l.ES to 8=2 28 2 z
¢ 8-2 to 8-9 3 14 5
8-9 to 8-16 0 i 0
8=18 to 5-23 2 2 1
8=23 to 8-30 3 11 33
8=30 to 9=1 C 0 ‘ 18
9=1 to 9=2 5 27 | 13
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Specific activities of three UQ, particles from the pile exhaust air
duct were determined. The particles were isolated from the ¥junior" filter
pad which was removed on July Z1. Dimensions were measured by means of a
Filar micrometer. The particles were then dissolved on Pt discs with nitric
acid, After evaporation, the discs were counted for 3-Y and G. J3-Y counts
were made at 10% geometry and 75% was allowed for back-#cattei' (Pt .between
Cd .-.- 70%, and Pb = 80%), 1) For & counts 51% geometry was assumed.
Speeific activity in ne/y was calculated for both } and u from these
measurements., The results appear in Table I.

TABLE 1

Specific Activity of Activated UO, Particles

Particle{ Volume B and ¥ Q
313::10""6 ¢/min(10% geom.) ‘}lc/‘p.a ¢/min(51% geom.) ne/ro

12 3.39 6,997 5.4010™7 31 4. 1x10-12
A 147 4,297 7.6x10™2 23 7.3x10"
16 3.12 45,612 3,8x10™8 Lh 6.2x10712

A bypothetical particle giving 3 tolerance® at radius 40 }1 contains
1.3x1078 pe/pd,

A hypothetical particle giving u tolerance® at radius 40 % contains .
3,0x10~12 nefd.

# While true tolerance j ;
used indicates a rajfl; afliftion of 0.1 rep of P per gram of

oim of tissue/day.
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The 40 p radius was chosen because it is the approximate range of Pu .
G in tissue (2), and within this range 3 and & exposures will be additive.
The above figures show that the & exposwre due to a 1 }-'2.3 particie at 40 1
is about twice"tolerance." The 3 activity on No. 16 at 40 1 is three times
“tolerance.” Since the only thing known about the "age" of these particles
is that it is at least 15 days, it is likely that No. 12 and 12 are somewhat
older. Using the value for No. 16, a l ’p.3 particle produces radistion of five
times "tolerance" at 40 %,

On August 10, 1948, three areas previously surveyed (acproximately June

18, 1948) (3) were probed with V-2627s, Sampling areas in each case consisted

of three rectangles, 10 feet by 5 feet. Results appear in Table II.

TABLE I1

V-263 Survey

Point | Distance | Description Particle Density
from Stack 6/18/1,8 8/10/48
1 825% WSW | Recent f£ill 5/500 £t2 12/150 £t
(slope)
2} 14250 wsw | 703-A Anmx 2/1000 £t° 33/150 £t2
3 425 NE | Flat 1 e/u00 ££° 32/150 £t2

The above values do not show actual demsity of fall because of local
characteristics., Point No. 1 showing a comparatively low frequency has a
20° slope, and is subject to erosive washing. Point No. 2 is the roof of
703-A Annex, and it was noted that particles were uéually lodged in cracks
in the tar or other crevices. Point No., 3 was flat and sparsely grass covered.
The threshold sensitivity of the V=262 is approximately 400 c/m, subject to

variation due to higher background caused by the less active specks.

P
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Particle collection on ten 3! x 4! frames was continued. These are
lined with kraft paper which is covered with fibre-glass. On collection,
the paper is removed, the fibre-glass shaken; and the collected dust con-
centrated to an area which can be covered by a 14" x 17" X-ray film. The
fim is é::posed in contact for 24 hours. Particles were found oot to remain
in the fibm;glgas mat, but to sift through. To confirm this, one mat was
sxposed to £film for 24 hours. No activiiy was detscted.

A calibration of the film sensitivity was made using isolated particles
ranging from 10 ¢/m to 48,000 c/m (at ‘107 geometry) and exposing in contact
for 24 hours. This offers a measure of order of magnitude of the activity

of particles detected, though not an accurate measure because of geometry

changes due to larger debris on the collecting frames.

The axmmary of particles detected on these frames appears in Table III.
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' TABLE IIT

Particle Collectlon on Frames

Frame Distance and Direction Date Number of Particles

from 105 Stack Out In Time Total 7 400 c/m
: 7 350" SW 6~19 7-22 33 daye 45 A
9 75¢ SSE 6-19 T=22 7 days 119 11
10 150" NNE 7-29 7-30 2 hours 63 12
‘ 10 1501 NNE 7-30 7-30 6 hours P 3
3 900" W 619 86 48 days L o
5 450" SEE 619 86 48 days S5 13
i 6 5001 E 6-19 8-5 47 days 129 0
f 8 150 N 6~19 8-6 48 days 261 20
10 1507 NNE 7-30 8-4 5 days L 0

(Relocation of some)

1 700° SH 8-3 813 10days 265% 10
2 1200 S 8-4 813 9days A 1
3 8007 WAW 8-6 813 7adsys 12 0
L 850" ESE 85 813 8days 20 0
5 600! SSE 8-6 813 7 days 196 * 0
6 6501 | E 8-5  8-13 8 days 8 0
7 1850 S 8-5 813 8days 20 0
8 1700" ¥ 8-6 813 7 days 15 2
9 10507 NNE 8-5 @13 Sdays 15 0
10 1501 NNE g4 813 9days 119 3

# These frames were near areas of vehicular traffic, and many particles
were probably relocated. This would imdicate that roadways inside the
plant should be oiled or treated with CaCl, to immobilize the dust.

## This frame had been used as a foot-bridge and the count is, therefore,
unreliable.




g Page 6

There were six burst slugs between July 19 and August 2, 1948. There
have been none since (as of August 20). Table IV gives wind data covering

the periods from July 19 to August ? and from August 4 to August 12, 1948,

TABLE 1V
A. 7/19 to 8/3: N NE E- SE S SW W NW
% of time 4.9 1.2 121.2 |10.5 5.4 | 21.1 § 15.7 0.0

AV; vela(mph) lc7 hoe 3-06 z‘-cé 267 505 qol it

B, 8/L to 8/13:

% of time 11.5 5.1 138.7 5.5 46 | 12.9 20:.31 1.4

Av. Vel.(mph) § 3.1 3.3 2.8 3.2 1.8 4.7 5.21 6.7
! : :

Present data are not extensive enough to determine correlation of
scatter with wind distribution,

Filtron samples were taken at several locations, beginning on August 4,
1948. Table ¥ shows the count observed for some of the samplings. The pumps

which activate these pieces of equipment draw 5 cfm of air, approximately

200 cf/hr,
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TABLE ¥

‘ Particles Coliected with Filtrons
pate | . [0G~A 105 104,-B 706-D T 205
A, P.M.| A, PM.| A, P..| AM. P.K. | A, Pui.

8-, 1/2 0/2 o/2 0/z
85 | o/2 o/
8-6 /2 0/2 of2 | ofz of2
8-7 0/2
8-9 /4 6/2 0/2 }0/2 0o/
8-10 | 0/2 o/ 0f2 _ 129/2 0/2
g-11 o/2 0of2 § o/ 12/2 100/2 { 0/2 oA

The values express the number of particles collected (as determined by

B TR

24 hours film exposure) over the number of hours the filtron was runm.

All of these locations are either at or outside of entrances to ths

buildings noted, and sample outside air.

There are also three constant air monitors , running 24 hours per day ;
on a 7 day per week basis, drawing 5 cfm of air through a filter. These f
filters are changed weekly, giving a total air sampie of 5.04 x 10% 3.

These filters have also been radio-autographed since June 7, 1948. Table {

VI shows particle count on the radio-autographs.
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Active Particle Count oix Constant Air Monitors

Period 115-B 725~-B T06-A
6-7 to 6-1i 0 o 0
6-1; to 6—%0 0 0 0
6~28 to 7=6 0 0 o
7-12 to 7-19 7 9 ral
7-19 to 7-26 2 1 18
7=26 to 8-2 26 2 2
8-2 to 8-9 3 5 i

ALl of these collectors are open to the outside air, the ones at 706-A

and 115-B are at ground level, and the one at 725-B is on the second floor.

The 105 stack base was entered tlrough the 115 air duct on 8/24/48 to

REFERENCES:
(1) Report CN-2815.
(2) Central Files Neo. 48-8-86, by Karl Z, Morgan, "An Estimate of the

matter adhering to it in spots.

check any possible accumulation of activity., The floor of the stack is

almost totally clean except for some rather large gravel. Activity level

was £ 500 ar/hr (4 1/2 hours after pile shut-down). There was more activity
on the duct walls, which seemed to be somewhat oily, and had fine particulate
Radiation level (by Cutie Pie) was approxi-

mately 1500 mr/hr at a few inches from these spots.

Exposure from Specks of Insoluble Radioactive Material that May

Become Lodged in the Lungs.”
(3) Operation Particle, Day Ending 12:00 M, June 18, 1948, by John H.

Roberson, dated 6/19/48.

,ﬁ

,g - CZA(J‘{"‘:\

7'S. Cheka

é/‘(l 7,.} Q' £ éfé

Health Physics Division
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THE PARTICLE PROBLEM (PROGRESS REPORT #2)

The accumulation of data as to the distribution of radicactive particles
on the X-10 area»has proceeded as rapidly as personnel and physical limitations
will permit. The total number of collection frames in service as of 9-23-48
is 22. TFrames have been placed so as to give close coverage In the areas sur-
rounding the 105 stack and the 706-D stack, general coverage of the X-10 areas,
while off area locations have been chosen depending on prevailing wind directionm,
accesgibility, and direction from the plant of heavil& populated areas As of
9-1-48 the use of fibre glass matting in the frame collectors was discontinued.
as it was discovered that the fibre gless was retaining possibly as high as ik.0
to 19.0% of the totsl number of particles settling on the frames. Since that date -
a8 cdllecting surface of heavy brown wrapping paper has been used, which surface
seems to be relatively satisfactory. Some particles are undoubtedly lost when
the collecting surfaces are changed, and while preparing the collection for
exposure to x ray film The number of particles detécted however is thought
1o be reasonsbly accurate, and at least indicative of particle distribution.

The summary of particles detected on these frames appears on Table I and
IA.

Measuresble rainfall during the period 8-3-48 to 9 16-48 was as follows:

Date Amount in Inches
8-11 0.1

8-12 0.1

8-13 0.3

8-15 0.4

9-k 0.2

9-5 0.1

9-6 0.2

9-7 1.0

g 8 0.05

|

Se
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There has been one slug ruptured since August 3, 1948, occuring on
8-31-48. This rupture was detected by visual inspection of the slug channels
during the Tuesday morning shutdown of the pile. The pile had been shut down
at 0830 8-31-48. At 0900 #2 Fan was shut down with #3 Fan operating at half
démper1 Under these conditions the air flow through the pile was approximately
50,000 cfm as compared with the normal air flow of 110,000 ¢fm Removal of
the ruptured slug was started at 1400 8 31-48. Great diffidulty was experienced
in the removal operations, and the pile was down under the above conditions until
0230 on 9-3 48. At this time with the air flow increased to =~ 65,000 cfm.
thbopile was started up and operated at a power level of ~~ 2100 K. W. until
0830 9-3-48 when it was again shutdown. The pile was started up at full air
flow and power level at 1030 9-3 u8.

This rupture was quite severe - best estimates of this incident indicate :i?

that five slugs were completely oxidized and three were partially»oxidized, the

L J
pile age of the slugs being approximately 1,404 days.

An examination of the frame collection data shows a general increase in
number of particles collecied by the frames during the periods, (8 13 to 8 20)
(8-20- to 8-26) and (8-26 to 9-1). The only significant rainfall during this
period occurred on 8-15 when .4 inches fell. Unfortunately the discovery of the
ruptured slug on 8-31 with the subsequent removal operations makes it difficult

to estimate at this time the significance of the relocation of particles due

- te dry weather conditions as a factor in the particle collection data.

The dats is believed to substantiate to some extent the validity of the

- theory that "bleeding" of relatively small numbers of particles takes place

during and after slug removal operations, with the greatest number being ejected

when the pile 1is brought up to full power and full air flow after the shut down.
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The following table gives wind data for the periods from 8 & to 9-18.

Table ITI

Wind Direction and Velocity

8 L to 8-13 .
(a) N NE E SE & S W W W [
% of time 11.5 5.1 38.7 5.5 4.6 12.9  20.3 1.4 f
Av. Vel. (mph) 3.1 3.3 2.8 3.2 1.8 4.7 5.2 6.7
8-14 to 8-21
(8)

% of time 7.7 2.4 35.7 13.7 10.1  17.9 11.3 1.2
Av. Vel. (mph) 1.4 2.0 3.5 2.4 2.3 5.5 2.0 4.5 3
8 22 to 8-28

® o N NE E  SE s s W W
% of time 5.7 7.0 34.2 27.2 11.4 12.0 2.5 0
Av. Vel. (mph) 2.4 3.9 2.1 2.9 2.1 2.0 1.0 0
8-29 to 9<% N NE E  SE s oW W W
(D) -
% of time 2.4 0 5.7 15.5 9.3 10.9 6.2 0
Av. Vel. (mph) 7.8 0 65 5.2 2.4 k5 3.8 0
9-5 to 9-11
(E)
% of time 0 0 33.1 i7.D 12.7 33.8 13.4 0
Av. Vel. (mph) 0 0 5.1 10.1 2.4 5.5 1.8 0

Present data are still not considered sufficiently extensive to determine
scatter with wind direction.
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The taking of filtron samples was continued in several locations. Table
IIT on the following page shows the count observed for the samplings, the values
represented as the number of particles collectdd (as determined by 24 hour
film exposure) over the number of hours the filtron was run  each filtron
drawing approximately 300 cu. ft./houra All of these locations with one or
two exceptions sample ocutside air.

An examination of the filtron data shows, with but few exceptions, that
the largest number of partlcles detected by this method are picked up in the
706-D area. At first the number of particles was such as to suspect the re-
———— DD
location of small perticles disturbed by vehicular traffic on dusty roads and
an investigation of the filtron sampling location indicated that such might be

& reasonabls assumption.

More recent data especially since the recent dissolving in 706~D (begun 8-25}

indicated that this assumption was insufficient to explain these results and
those obtained by other methods. Frames #5 and 6, which are located 275" West
and East respectively, of the 706-D stack, not only showed a greater rate of
increase in particle\deﬁsity than all others, but also the nature of the par-
ticles detected by radioasutographs was d4iff :rent. The activity of the individual
perticles was more uniform and few centers of intense activity were present.
It also appeared that activity was difpuse in some cases, as if due to a liguid |
which followed fibers in the fabric of the paper and fibre glass mats.
Consideration ha&'been given to the sampling of the cell ventilation air
from 706-D even before the above information became known. On 8 25 a probe
was inserted in the exhaust duct of 706-D at a poiﬁt Just prior to the air
enterihg the fan. The probe consists of a cylinder around which is wrapped a

4" x 7" piece of filter paper inserted in the eenter of the 3' duct, held

Sinings
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securely in place by a metal rod fastened to an inspection plate 12" x 12". s

These filters, when removed after various lengths of time (usually for the
period from 8-26 to date, 24 hours) were highly radioactive. Depending on
operations in 706-D for the period the filter was in the duct, they gave

readings from 38-250 mr/hr at lnl/2" using a Cutie Pie. This amount of

activity completely blackened the £ilm surface exposed to the filter.

By 9-23 the first few filters on re-exposure, showed a lessening of the
general diffuse " background" which made visible the presence of localized
centers of activity. These may be due to the impingement of solid particulate

metter, liquid droplets, or both.

e o s

The following schedule of 706-D operations for the period 8-25 to 9 3 is

presented as being of interest in comparing particles detected in Table III

"l' and Table IV.
ate Shift Operation {
8 25 4-12 Run started, lst dissolving
8-26 12-8 ond and 3rd dissolvings
8 -4 Slugs loaded
412 Dissolving
8-27 12 3 Dissolving
8-4 Dissolving
Y-12 Dissolving
8-28 12-8 ‘Dissolving
8-4 Slugs loaded —
412 Dissolving
8-29 12-8 Disgsolving
8-4 Dissolving
4-12 Dissolving
B-30 12-8 Dissolving
, - 8-4 Loaded slugs
: 4-12 Dissolving
., 8- 31 12-8 Last dissolving
g 9-2 h-12 Evaporation in B-6
5-3 8-h Final evaporation-End of run
. Attention is called to the filtron samples of g9-2-48 taken at 105 and
|

706~ﬁ which on exposure to film indicated approximately the same particle

count of 3700. Both samples were run for three hours, the one at 706-D from
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7:30 to 10:30 P. M. and the 105 3 - from 8:40 to 11:40 P. M. Conditions of
thermal inversion existed during thesc hours of sampling with very little air
movement being recorded by the recording anemcmeter. These weather conditions
frequently result in the concentration of activity within the X-10 area, as
indicated by the similar results of the two filtrons in two different locations,
and also by activities previously recorded by the constant air monitors during

periods of thermal inversion.

Evidence availeble to déte scems to indicate the possibility of sources

of particulate activity other than thc 105 stack, probably coming from chemical

operations. Whcther or not‘this particulate material is to be regarded in the
same light as the particulate meterial resulting from ruptured slugs has not

as yet been determined. The following differences, however, have been noticed.
(1) Film which had been cxposed to fibre glass matting of the frame collectors
showed retention of particles collected both in the 105 area and 706-D area,
but did not present similer pictures. While some diffusion and scattering of
activity was evident on both films due %o the fibre glass, the collector in

the vicinity of 7056-D showed activity along the lengths of the fibres, which
may indicatec a flow or absorption of the active material. (2) collections from
the pile area show a wide range of activities céllected, while those from the
706-D area show a more uniform pattern of activities. (3) particulate material
from the 105 area shows a relatively long half life (Report of 8 30-48 on
Particle Problem by J. S. Cheka and H. J. McAlduff) while particulate material
from 706 D indicates a more rapid decay. For instance a filtron run outside
706-D on 8 11-48 when exposed to film indicated approximately 100 particles.
The same filter when re-exposed to film 30 days later showed L4l particles.

(4) Samples collected on the frames from the 105 and T06-D areas were leached
with water and then treated with HNO3. The proportion of water soluble to HNO3
soluble activity was much greater in the samples taken from frames in the

vicinity of 706-D than in those taken from the vicinity of 105.
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Precipitron samples were run beginning on September 1, 1948. Table IV (pg-11)

shows the count cbserved after film had been exposed to the Al foil for 24

S

hours. Values expressed are the same as Table III, number of particies detecte
over time of sample. The precipitrons in use draw approximately 6 cfm.

The filters from three constant air monitors, running continuously and
drawing 5 c¢fm of air, were changed at various intervals and radio-autographed.

Table V shows particle count as observed on the expoged film.

TABLE V
Periad 1158 706 A 735-B
8-9 to 8 16 0 o} ‘ 0
8-16 to 8-23 2 2 1
8-23 to 8-30 3 11 33
8-30 to 9-1 e O e ) —~-18 Ao
9-1 to 9-2 e 15 cein 13 EN-y A e
9‘2 to 9 7 L 6 70 jw‘
9-7 to 98 2 6 11
9-8 to 9--G* - - -
9-9 to 9 10 - -
9-1Q to 9-13% -
9-13 to 9-15% - - -

#Invelid due to contamination

Information of A General Nature

Tilters that had been in service in the air conditioning units of 104 B,

located in the attic about 50 feet from the west end of the building, were ex

posed to film and examined. The length of time the filters were in service
is unknown, but they showed many spots of localized activity.

A filter that had been installed in the door leading to the N-S Hot Labs
in 706 D for the period 8-26 to 9-14-48 wes exposed to film. The film showed

a generally diffuse pattern of activity plus many localized spots of higher

activity.
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4 program of sempling exhaust alr from all stacks in the X-10 Area has
been started. The Physics, Chenistry, and Operstions Divisions ars contribut-
ing their resources in the sampling of the variocus stack effluents.

On 9-17-48 three large dust collecting units were rlaced in operation.
These units filter approximstely 250 cfm through a2 filter area of‘BA sq. ft.
These are in service at 113 Fan House, 706-D, outside East Platform, and 703-C,
Administration Building, and one has been in service at 104-B since 9-15-48,

No data concerning their performance is as yet available.

The swabbing of nostrils of people working at various locations in the
plant was started st the dispensary on 9-17-48, The cotton st the end of the
probe is sliced, spread out and counted at 10% geometry in the beta-gamnma
counter. After counting they sre fastened to csrdboerd snd film placed thereon
for 24 hours. 1In a totel of 152 swabbings covering a 3-day neriod, of

significance are the following:

Code Dste &/m Perticles
#5 G=R1-48 21.9 7
#32 9-21-48 68,3 S 13 e
#38 92148 68,0 - 14, e
#39 9-21-48 25.8 6
#41 9-21-48 13.7 3
#45 9421-48 7.3 4
Summary

Data collected up to the present time indicates that serveral asvects of

the particle problem exist. Pille operation is not the sole primary source of

Niuiminingy
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particulate air contaminstion, 706-D is snother source, and there may be still
others. Relocation of psrticles by wind or traffic in dry weather is a

secondary source. The nature, and therefore the hazard, of particles due to

'5’"3%
chemical operations hass not been determined. . P b
. . P ST SRS A |
The investigation will continue. -~ [ °
m’\ .
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THE PARTICIE FROBIEM (PROGRESS REPORT #3)

Considerable date relevant to the particle problem have been collected
since the last report (CRNL-172). Steps have also been taken to control sources
of particulate contamination, All possible primary sources were shut down for
the period 10-15+48 to 10-21-48, to evaluate secondary sources, ¥iz. relocation.
Mesnwhile, work has been begun on paving of all uged thoroughfares, and grassing
of 81l unused areas of the plant. The paving operations were begun on 10-19-48
and were 40% completed as of 11-11-48, The grassing of other plant arsas was
begun on 10-15-48 and was approximately 75% completed as of 11-11-48., A filter
house for decontamination of pile cooling exit air was constructed (starting
9-27-48) at the base of the pile stack, These operations are mentioned because
they have a bearing on the trends shown by the data.,

Sedimentation frames, of which there are 22, give the most complste
geographical coverags, although their results are not as representative of
breathable air-borne particulates as those of suction-~type air filters.
Collection data on these frames have been previously reported through 9-16-48
(BNL-146 and (RNL-172), but Table I includes a recapitulation of previous
results, and is complete through 11-9-48. This sllows more ready comparison
without cross references. The plan will be followed throughout this report.

Collection had been irregular until the shutdown experiment was begun
on 10-15-48. Collections are indicated by lines and, in the case of long periods,
average numbers of particles per frame per day are reported. Beginning with the
shutdown, collections were made every 12 hours throughout the shutdown pericd,
and for a week therecafter., After 10-28-48, collections were on a 24 hour
besis, except when rain mskes this oporation impossible.

It appears from Table I that the greatest demsity of fall occurs in
frames #10 to #14 vhich are within 160! of the 105 Stack. The 205 Stack, which
collects the off gases from all major chemical operations, is about 180! west
of the 105 Stack. High particlse froquoncies were also noted on Frames #5 and
#6 which are approximately 600! southeast and east of the 105 Stack, but bracket
the 706-D Stack and Building 706-C at a radius of 300!, The 706-D Stack is a
50! atack which vents cell ventilating air from operations in 706-D Building,
High valucs on the latter frames were noted during the Rala run, and during
iodine runs in 706-C.

The group of all othor locations at less than 1000' usually gives
slightly highor avorages than tho group at greater than 1000f but during the
period vhen the pilec was first started up aftor the total shutdown, and the
period from Novomber 4 to 6 when s Rodox batch required an added ovaporation,
the group at the greator distance showod the highor particle donsity.

Timo tronds also appoar, and thesc can be ascribed to spoeific
operations or conditions in many cases. Dats of Tablo I is ropeated in a con-
donsed form in Tablos II and II=A, Table II shows aversges of poriods covered
by tho seme controlling factors as much as possible. The fow locations avail-
able before the multiplo slug rupture of 8«31«48 show low particlo donsities,
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TABIE II-A

Average Particlesﬁrame@az

Phge 10
RNL-211

* Single dey on 4.

Station 10 - 14 5 and 6 1, 3, 4, 15, 2, 7, 8, 9,
21 apd 22 6~
Distance < 160 from 300! from 3007 to 1000! > 1000! from
105 Stack 706-D Stack = from 105 Stack 105 Stack

Dates

6-19 to 85 a5 (2) 6.7 .3 (1) 1.4 (1)

8-5 to 8-26 26,1 (1) 9.9 10.3 (3) 3.9 (4)

826 to 9-3 1271 199. 83.2 (4) 53.8 (6)

9«3 to 10-16 86.0 52.5 242 | 10.4
TOTAL SHUT DOWN

10-16 to 10-21 24,9 (A 6.8 5.6
START -UP OF PTILE

10-22 to 10-23 & 490 28.3 U 22,8

{36 hrs) '

110-23 P %o 11-4  43.3 19.5 6.8 6.0

11-4 to 11-6 = 169. (4) 4e3 9.2 (4) 31.5

11-7 t0.11-9 31.6 4e8 6.4 3.6

( ) shows number of frames averaged, when total number was not used.
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RNL-211
. except the stations near 706-D which caught the beginnings of the Rala rum.
- The multiple rupture and Subsequent removal operation coincided with the end

ER of the Rala run, and these two apparently provided s large amount of particulate
i contamination. During the next two waek period sodimentation subsided by a
I factor of 4 or 5. How much of this was due to primary sources, and how much to
e relocstion is difficult to estimate.

B The "dead time" (total shutdown) eollecction dropped by a factor of

LI approximately 3 on the average, but still left a considerable number of particles

; collected. These can only be attributed to rolocation, though this process was

_ probably aided by the construction work, which continued through the period.
During the 36-hour period covering thg start-up of the pile a large number of
particles was released. After this burst of activity particle donsities, as
indicated by the sedimentation frames, saom to havo dropped to about the level
of the "doad time" poriod, oxcopt for Novembar 4+6, when tho numbers were high,

. .r:

Filtron data at six locations cover the period beginning August 4.
The figures arc not strictly comparable, however, sines collections previous
to 10-15~48 had bocn in three hour periods, and have boen im 12 or 24 hour:
pariods since that time, Table ITI givos rosults of all collections through
11-9-48. Thoe oarly collections indicata that thore was little partieculate
contamination (excopt from iodino runs in 706-C which discharge all vontilating
air through short stacks on the roof of 706<C) boforo the multiple slug burst
in tho pile and the Rala run in 706-D. Tho extromely largo valucs obtained
at 105 and 706-D platform on the swing shift on 9-2-48 coincided with the final
ovaporation in B-6 and wore probably duc to it,

Ton airway "sanitizors" wore obtainad for ocutside air sampling and

one was placed inside 105 Building on top of the piloc. This apparatus is a
typo of vacuum cloaner with g rcmovablo fibtre bag, It draws 28 ofm of air
(subjact to vorification), and is ostimstod to capturc particlos down to 1 n

_Wwith 99% efficioncy (C. Borkowski). Sinca tho radio-autographic tochnique is
rendored loss sensitive by tho intorposition of the additional papor as

- absorbar, and the corrosponding poorer goomotry, particlo counts by this mothod
arc somowhet lowor than thosc obtained whon a filter is filmod dircctly on tho
collacting surface, Rolativo dotocting officioney would bo a function of the
activity of the partieclos colloetad. Five of thoso colloctors wars pPlacod on
10-8-48, and the rost by 10-15-48, Tablo IV gives tho results of collcctions
with thoso instrumonts.

: - In addition to these aro five largo air filtors, on loan from the
U. S. Public Hoalth Servico, Thase have boon fittod with 10 £42 CWS #6 filter
bapors. Thoy draw approximatoly 240 c¢fm of air, Four of thase were put into
sorvice around the plant arca approximatoly 9-24~48, and the other at the
Atomic Enorgy Commission Administration Building on 10-14-48, Table V shows
tho rosults of colloetions,

Table VI givos data from 5 eloctrostatic procipitators during the
pPoriod 9-1-48 to 10~18-48 and is prosonted only for comparative purposcs. Tho
Procipitators have an air flow of approximately 6.5 cfm and cannot be oporatod
continuously due to high voltage broakdown; thorefora, the rosults arc not con-
sistont with tho continuous sampling dovicos, The procipitator at 706-D was

F =]
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o TABLE IIT (RNL-211
L A - AN FILTRON COLIECTIONS
§ P-Pu. (Particles/10003 air)
. . § 2 - Swing Shift
V¥ § 3 - Midnight Shift
: Date 706-4 205 105 706-D 104-B 703-B 706-B Rain Commembs
8/, P 1,67 0 0 0 .10
8/5 4 0 0
8/6 A 0 0
P 0 0 0
. & 87 a 0
o g/8 4 1,67
8/9 4 0 10.0 0
P 0 0
e 810 Ao 0 0 0 2.9 (©)
T P 0 |
) .
e . 8/11 4 0 0o 20,0 0 .10
S T P 0 0 167
. 8/12 & 0 0 5.0 .10
T8 813 a 3.33 8.33 .30
8 P 6.67 O 3.33
SR su a4 1.67
% : ' -8/15 4 o0 40
R I o 1,67 ()
» - P 0 1.67 1.67 6.67
817 A 1.67 o© .0 ©)
‘ P 0 0
818 4o o 0 0 o}
. P 0 0 95
8/19 & 0 1,67 0
. P 0 0 0
8/20 & 0
2 P 0 0
» B 8f21 P 0
‘ g s8/22 0
8/23 & 10,00




3 - 1 P
Filtron Collections - con't a&gN%Qle
Date 706-A 205 105 706-D 104-B 703-B 706-B Rain Comments
8/24 A 3.33
P 63.4
sl BV TR 0
BUFAE | P 234 G
- & gpme 4 26,67 |
. | P 23.4
G
- 8/27 A 5,00 31,67
- P 1833 -‘
L ‘ Bala
\‘~ ' " 8/ 29
. 8/30 P 3.33 6.67
vt @ 8/l 4 3.33 11,7 1.67
PO | P 1.67 11.7 48.3 1,67 0 oc Multi.Burst
N B 91 B 222 1777 U 11 445 13.3
. - P 2.22 8.89 1506 13-3 1607 3033
- | 2 11.1 1.11
<50 3 3.33 22,4
‘ 9/2 4 833 111 15.6 106 5.00 2.22
‘\..'.-':'.- % P 3033 2922 ?)\361 2.22
] 2 4110 4060
3 260 124
9/3 A 16.67 15,6  5.00 :
- \r“a'\:: P 26.67 4!45 3101 3.33 ) -—\L_ Remo«val
;., , 2 33.3
T
A : 9/4 P 21.1 4.44
o F 2 22.4
I 3 4045 120 Roads 0iled
sl 95 A 111 7.79
i 9/6 A 0 2.22
2 1.11
3 0 .20
NG
.. & 97 a4 3.33 11 11,1 0 2.22 1.00
N P 41,7 1.11
L 92 4 333 111 11.1 7.78 .05
RRRE | P 22,2 7.78 26.7
‘ { 2 Fogged
s \ =
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Filtron Collections - con't

Page 14

(RNL-211

Date 706-4 205 105 706D 104-B 703-B 706-B Rain Comments
9/9 4 50,0 .89
P 11,1
2 18.9
9/10 A 3.33
P 11,1
2 1.11
9/11 4 2.22
P 3.33
9/12 A 15.0
P 5,56
9/13
9/14, =2 2.22
9/15 2 3.33
9/16
9/17
9/18
9/19
9/20 A bbb
P 0 VA 26,7 Slight burst
2 13.3 Roads oiled
9/21 A 31.1 13.3 185 0 0
P 2.2 © 5.56 1. B.66 2,22
2 10,0
3 8,89
9/22 A 6.8l Ludd  13.3 L1l 6,67  5.55 05 ()
P 13.3 13.3
2 22.2
3 2,22
A 0 10,0 11,1 2.22
P 12,2 ld 8.33
2 10,0
3 8.89
A
P
2
3
A
P
2
3
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Filtron Collections - con't

,, RNL-211
EO | Date 7064 205 105 706-D 104-B 703-B 706-B Rain Comments
. . i 9/26 A 8.89
: 2 5,56
3 3.33
4 9/27 A 4od 10,0 2,22 11,1 10.0 3.33
! P Lok 16,0 Lol 3,33 5.56
: 2 11.1
: 3 0
| 9/28 A 1.11 4.b4 1.11 2.2 0 10 (C)
- | P 1.11 0 3.33 2.22
2 2,22
% 9/29 4 0 222 778 3.3 0 5.5
s P 2.22  2.22 6,67 0
3 2 1.11
| | 3 5. 56
] 9/30 A 0 10,0 117 4.4
| P 2,22 111 1.11 11
, 2 Yub
' = 3 0
a3 101 6.67 8,89 20,0 1.11
] P 15,6 11.1 3.33 7.7 0
2 1111 3033
] 3 8,89
g 102 : 2 .22
3 2 2.22
E 3 8189
- % 103 0
i 2 5,56
« 3 11.1 |
® 10/, 4 3.33 0 2.22 0 0 (cc)
= P 23.4 11.1  7.78 3.33 13.3
, 2 1.11
- 3 8.89
L 10/5 A 2,22 2.22 1.11 2.2 0
| P 1.1 111 18.3 0
- 2 1.67 3.33 0 0
- 3 3.33 6.67
® /6 4 111 5.5% 3.3 Lol 6,67
, P 5,56 12,2  17.8 1.11
. 2 2 3.33  6.67  6.67
¥ 3 5




Filtron Collections - contt

) Page 16

(RNL-211

Date 706-4 205 105 7706-D_ 104-B 703-B _706-B_Rain Comments
10/7 4 3.33 boddy 0 o .10
P 0 2,22
2 1,11
3 bodd,
10/8 & 10,0 1,11 2,22 137 0 {C) spill and
F 0 0 3.33 decontamination
2 3.32 2.50 3.33
3 2,22
10/9 P 2,22
2 3.33 3.33 5,28
3 VAAA
10/10 & 0
2 6,67 5,00 3.89
3 Lobd
10/11 A 0 1.11 2.22 0
) P 1.11 0.0 2.22 8.33
2 2.22 1,67 .55
3 5,56
10/12 A 6.67 2,22 1.11 0 10.0
P 0 6.67 2.22 0
2 1,67 1.67 0
3 0
10/13 A 2.22 0 0
P 0 2,22 0 3.33
2 7.78
3 0
10/14. 4 1,11 2,22 3,33 1.11 .83
P JANA Lobds 0
2 1,11
3 0
10/15 A 0 3.33  3.33
: P 0 1.11  10.0 0
12 Hour Collection:
10/16 Nite O 25 0 o «29 25 Slugs pushed
Day O b1 61 0 0 .67 (6 hrs)
10/17 Nite O .55 .53 0 .21 0 1.65
Day 0 4,92 1,16 0 .28 0
10/18 Nite 1.73 4,10 .21 61 1,94 1,11
: Day 1.90 1.52  2.43 .80 0 .28
10/19 Nite .54 .28 6,41 .26 .28 .87
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et ' Filtron Collections - con't - Page 17

g | (RNL-211
.utx: @ Date 706-4 205 105 706-D 104-B 703-B 706-B Rain Comments
’ “ ¥ 10/20 Nite 0 0 0 0 0 .28
10/21 Nite O 0 .30 58 0 0
Day 0 87 1.47 «35 «33 0
10/22 Nite O 0 0 0 0 0
Day .56 0 1.95 0 .58 28 Pile Up
10/23 Nite 0 0 .95 0 0 .27 (cc)
Day O 1.39 1,95 .28 0 .23
10/24 Nites 30 0 0 0 0 0
. Day .56 28 0 0 0 0
10/25 Mite .8 2,78 1.39 .56 1,07 .56
: Day O 0 1,16 2.05 .26 .5
D B 1026 mite .53 0 0 o .87 o
Day 1.67 .28 0 0 .28 28 - @®)
| 0/27mite 0 83 28 .28 .56 0 ®)
e & Day .83 1,03 1.11 .26 0 .28
" 24 Hour Collection: V
. ® 1028 . 13 0 o 0 0 .56
~he0 B 10/29 .89 67 193 .23 0 0 (R)
¥ 10/3 573 S5 407 M O 67
t /31 0 S 7 ES 7 7 R 4
ey SR 11 0 .13 1,16 .83 .4 L, .11 (R)
g 1/, 0 0 2,45 0 73 0 .96
11/3 42 1,53 2,08 .42 .28 1.4 (R)
. 11/4, .83 W43 68 13 42 1,55 (R)
| b 11/5 1.53 16,46 11,16 6,39 1.70  9.47 .61 Slugs Pushed
,v f 11/7 .78 .27 .28 0 0 26 Pile shut down
. 11/8 .70 0 VARG VAR L 15 (cc) ()
11/9 1.59 L.12 1.8 .14 .30 42 06 (R)

(¢) Iodine Run in 706-C.
(R) Redox Dissolving in Building 205.

Seilegepmi
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B TABIE ¥ (RNL-211
o U. S, PUBLIC HEALTH SERVICE COLIECTIONS
Particles/1000 £t3

No. 1 " No. 2 No., 3 No. 4 No. 5

Date 706-D E of W of E Corner of AEC Admin.
E Platform 115 703-C 104-B, Duct Bldg. Between

out window Sl smd 82

Collection Time - 24 hours:

RPN

9-22‘48 ..7<-
9-23-22
Qw2 =
: L 9-25-48 T ol KN
i AR 9-26-48 - t
v & 9-27-48 840 .070
‘ B 9-29-48
: £ 9-30-48 l
; 2 10- 1-
: ¥ 10~ 2-23
! A 10~ 3-48 Plug L049
i SR 10~ 4-48 pulled
' i :. 10" 5'48 .887 5 £
f. H : 10- 6-48 z N
. A& 10- 7-48
S & 10- 8-48 ,021
’ & 10- 9-48 1.077
N W 10.10-48
Lo $O10-11-48
: ¥ 10-12-48 N
b oS 101348 &
. ’ 10-14-48 ! 014
i g 10-15-48 e = —_— <
' 8 Collection Time - 12 hours:
- 8 10-16-48 A 052 121 .110
LT 10-16-48 P 555 98 § 2174
;7 R 10-17-48 A ,139 L5 g .058
i "8 10-17-48 P 4 504, 5,47 a 023
SR 10-18448 A 156 .070 2 .029 .00096
~ i 10-18-48 P 051 .266 8 .023
© 3 10-19-48 A .029 .211 '822'
-3 10-19-48 P 2249 ,608 .035
E 10-20-48 A ,046 .16 046 035 N
; 10~20-48 P 2052 +110 =017 2006
P 4K 10-21-48 4 2064 +131 2046 =133 .0023
. 102148 P .185 376 2098 2116 o
P, 0 10-22-48 8 2040 0BL 2052 2017
> v B 10-22448 P 151 162 L017 2098
. .48 Collection Time - 24 hours;
f Tl 10-23-48 1.602 - L032 LO40 '832
@ B 10-24-48 T.034 .096 .009 006 -
‘ "iF 10-25-48 073 VAR L 020 2018 - .00012
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IS 1 . g s 't
m Public Health Service Collgctions {contt) (RNL-211
Date NO. l Noo 2 No- 3 NO. 4‘ Noc 5
. 102648 0 ,023 .010 0
N L 10-27-48 .049 .032 .006 .038
B 10-28-48 NO COLLECTION
10-29-48(39 hrs) .074 066 017 .009
10-30-48 2394 2129 2284 =058
10-31-48 123 . 157 .098 .018
11~ 1-48 . 367 L 127 ,083 009
11- 2-48 =093 2049 2942 2065 e
11~ 3-48 2090 2065 2019 2006
11 4-48 o463 . 812 034 012
11- 5-48 1 .61 2478 1.546
11~ 6-18,8 1.321 5,05 037 03
11-7-4
.091 .017 2040

11-8-48(48 hrs) 083
11-10-48(48 hrs) .475

%
Ao
ot
&
|‘o
%
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Do ik
TABIE VI CRNL-211
b ] Precipitron Collections
Y W (Particles/1000 £t3 Air)
sae " @ Date Shift  706-4  706-B 105 706D  706-C Comments Rain
BEVIEE SR AM 6 7.5 698 6.2
RIS | PM 2.5 12.5 415 8.5
L & (2 6.8
e Y AM 25.6 1.3 189 344
RGN PM 2.6 10,0 150 123
‘ (2) 0
(3) 37
9-3 AM 13 10 1528 51
PM 6.8 0 7.7
(2) . 11.5
O~ AM
PM 1.3
9-5 AM 349
9"6 AM 8.5
9-7 AM 10 14 6.4
B PH 14
® 3 - AM 5.1 6ol 5.1
3 PM
g o AM 8.5
& ©°-10 PM 0
$-11 PM 10
4-12 PM 3.9
o-13 AM 0
9-14 to 9-19 (No Samples)
9-20 PM | 6.4 4e3
9-21 AM 703 703 9-0 501 17
"':: ) ,:A’ PM 5'1 703 ‘ 1300 R 6.4 7.7
(2) 4e3
(3) 6
E | PM 5.1 21 5.1 3.8
i (2} 9 4o3
| (3) 6ok
¥ 92 AM 5.1 2,6 1.3
(2) 5.1
(3) 4
®
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Date Shift 706-4 706-B 105 706D 706-C Comments Rain
9-24, AM 1 7.7 6.8
PM 0 3.9 19
o (2) 2.6
9-25 Al 0.85
PM
(2) 0
(3) 1.7
926 AM 1, 1.3
_ PM 17 1.3
. | (3) 2.2 1.7
| 9-27 M 0 6.4 2.6 .85
PM 1.3 1.3 13.7 0 2.6
() 26.0 1.7
(3) 11.0
9-28 AM .85 21 4.3
4 PM ) 309 2.6 5.1
2 (2)
! (3) 2.6
- 9-29 AM 1.3 3.9 0
PM 7.7 2.6 501
(2) .85
(3) 2.6
9-30 AM 1.3 0 1.7 696
PM 1.3 100 T 3.9 0
(2)
(3) ~ 67 T~
10-1 AM 3.8 2.6 21 1.3 5.1
i PM 3.8 -6 1'3
(2) 1.3
- (3) 0
! 10-2 AM | 3.4
| PM 5.1
(2) - 6.4
i (3) 3.8
% :
p 2
(3) 3.8
10- AM 3.8 7.7
iy 4 PM 1.7 3.8 0
(2) 246

g
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Date Shift 706-4 706-B 105 706-D 706-C Comments Rain
3.8 ' 1.3
(2)
{3) 0
10-6 AM 3.8 1.3 1.3 2.6
i PM 1.3 0 7.7
p | (2) 0
;| (3) 1.3
] PM 2,6 2.6
(2) 3.8
| (3) 2.6
. 10-8 A 6.4 1.3 2.6 3,8
PM 2,6 7.7 129
f (2) 1.3
2 (3) 2,6
: 10-9 AM 1.3
PM 0
(2) 1.3
] 1..0"10 AH 206
: : PH 1.3
(2) 1.3
i | 10-11 AM 1.3 0 2.6
PM 2,6 0
(2) 1.3
§ 10-12  AM 0 2,6 - - 5.1
PM 3.8 15 1.3
; 1 (3) 308
; 10-13  AM 1.3 0 0
(2) 0
(3) Q.
1 10-14 AM 1.3 0 1.3
PM 0 0 0
g (2) 0
k| (3) 0
H | 10~15 AM 0 2.6
(2)
: (3) 0
10-18  AM 2.6

A i
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operated simultancously with the filtron, at the samo location, An cxamination
of thoso data indicatos that goncrally the procipitator date shows Jess
particulate matorial than the filtron collections. This difforonce is possibly
a reflection of continuous sampling vs intorrupted sampling morc than a compari-
son of rolative collocting officioneios.

A -

‘s Tablo VII is a composito, giving the rosults of colloctions of all

; outside continuous colleetors, The sodimontation framas are groupcd as in

g Tablo II-4, and filtrons, airways, and large U.S,P,H.S. colloctors ara roportod
' as avorages of all outsido stations. Rainfsll and avorage wind veloecity during
| oach collocting poriodars also notod. Avorago colloctions arc noted for the

B five days total shutdown, for the two deys following start-up of the pile, and

g for another five day poriod subsoquont to this. Portinent activity on tho

ik arca is notod as “commonts." The table starts on 10-15-48 bocauso total :
;j“ covorage had not bogun until that time, and comparisons with oarlior data would
be invalid, )

S s s

Soveral intorosting indications may be doduced from this table., It
first appoars that start-up of tho pilo aftor a shutdown rolcaseos a large
numbor of activo particles, most of which scem to be hoavy, both by thoir
g appoaring in the noarcst sedimontation framos in vory largo numbers, and by
ik the fact that the suction-type collectors do not show an incrcase, It has boon
. ostimated that particlos of UO, ag large as 10 microns would bo unlikely to bo
ik dofleeted into tho suction nozzlos. Slug pushing also releascs a large mumbor
1 of activo particlos, most of which are largo.

Byl

Comparison of figurcs for total shutdovm, with the similar poried
after shutdown, onco the cloaring out of tho pilc was allowed, shows an in-
croase of particlos in Group a of the scdimontation frames by a factor of loss
than 2, no significant change in collcctions at more distant points, and an
actual drop in numbor of particlss picked up by suction-type collectors., This
may imply that a large fraction of sir-borno activo particulates wora dus to
relocation and that the progress of the grassing and paving operations on the
eroa wore showing results,

A complicating factor which occcurs throughout tho poriod studicd is
tho fact that construction of the £1ltor house procoeded, with tho consoquont
sporadic stirring up of surfaco carth at the location whore a high dogroo of
surfacc contamination exists, This factor probably accounts for somo of the
high counts found noar tho stack cven during "doad time."

The avorage wind velocity also has an offcet on collection., Suction
type collectors, ospocially filtrons, show an incrcase in colloction rata,
cven during "decad timo", whonover the avorago wind volocity rcachos 8 m.p.h.
Also, during thosc wind econditions, Group d ( » 1000!) often shows s highor
avorage collection than Group ¢ (< 1000!),

During the poriod of Novomber 4 to 6, suction-typc collectors showad
& high dogree of air-borno particulatc contamination., Thorc was no commensurato
risc in framo colloctions. This fact, togothor with the fact that most obscrved
spots ware of low total activity pointod to a finc mist of chomical wastos,
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4 check showed that during this period g batch being processed by the Redox
Group required an oxtra evaporation, thoir off-gas boing vontod through the
205 Stack, This fitted tho obsorvation that tho highast particle donsity was
noted necarcst this stack.

It may bo also notod that tho throo typos of air filters used show
considerablo disagrooment, This is partly duc to the fact that sampling loca~
tions are not usually duplicated. Howover, a filtron is run near an airway
at 706-B, and a filtron is run hoar a U.S.P.H.S. collector on tho 706-D east
pletform for comparison purpescs. In ocach casg tho filtron showed tho highor
rolative particlo count. This amounted to a factor of about five in both the
casc of the airway and the largo filtor. Tho discropancy in tho case of the
airway can partly be oxplained by the inercascd absorption of tha filtor bag,
making tho radib-gutographing tochnique loss sonsitivoe, Howevor, this docs not
oxplain tho difforance obtainod with the US.P.H.S, filtor, Tho one diffaronce
which exists in common is that the air intakas on both the alrways (which aro
placaod on stands) end the large filtors ara fivo or 8ix foct above the ground,
whilo tho filtrons usually sample eir within two foot of the ground, Conag~
quontly, filtrons may pick up dust which is raised & short distance abovo
ground, but not sufficiently to rcach the usual broathing zone.

: Other rolatod studics havo bocn mado, Soma of those have boon mado
by or for this division, and othors havo boen mado by the Chomistry, Physies,
and Tochnical Divisions,

4 probo was insorted into tho air duct to tho 706-D Stack., This stack
is the outlot for ventilating air from the colls. 4 filtor papor covor for the
probo was changed daily during the Rala run of dugust 25 - September 2, and for
2 few weeks thersafter. 4lthough the procoss takes place in a closed .systenm
i apparatus within the Ccells, and the off-gas passes through a duet to-the
2J5 Stack, enough leakage acecurs so that the cell ventilating gir carries.con-
siderable radigactivity; The probe, intercepting approximately 6 inches< in the
dict of 9 feet cross=-section area, picked up by impingement enough activity to
rtad spproximately 90 ur/br (by Qra7 Jina day's time during the Rala run,

Some of this was diffuse, but many points of concentration, due either to:
varticulates opr droplets, appeared. dctive specks were stil] obtained from this
Source six weeks after the completion of the run, °

A qualitative test was made to ascertain the relative valus.of . . .
activity due to U0 particles of pile origin and to particulates from chemical
Sources, on sedimentation frames from various locations, This was first sugs

vicinity of Building 105, 4n assumption was made that most particulates of
chenical origin would be water soluble, while particles originating in the pile
wouald be relatively insoluble in water, since they consist of U0, with occluded
FFs, The tost consisted of leaching sediment samples from Frame #5 (near the
chemical Oporations), and several of the frames near the pile stack, first with
water, and then with nitric acid. After evaporation, those fractions.and.tho
insoluble residues were counted for bots ang gamma with a mica-window counter.
Counts on the insoluble residucs were negligidle compared to the water and acid-
soluble fractions in cech cago. A sample of solids from tho pile air duct and

Npieingy



one of the probe filters from 706.p Ventilating air dquet Were similarly treated.
Decay was noted on the Several specimens, The resultg 8Ppear in Tgble VIIT,
TABIE VITT

Water and 4dcid-Soluble Fractiong of "Particulates?‘
¢/m (Beta ang Garma )

Water-Soluble Acid-sdluble Percent of Apparent

Code  Source Fraction Fraction Total Balf-Life

50 #5 Frame 3,602 - 69 | 37 days -
5«4 #5 Frame 1,606 A 32 days
5<R<N  #5 Framg 2,3%6 85 48 days
5-2=A  #5 Frame 423 15 30 days
107 #10 Frame 855 20 42 days
- 10=3 #10 Frame : 3,413 80 62 days
130 #13 Frame 1,955 6.7 33 days
13-4 #13 Frame 27,040 93. _ 33 days
140 #14 Frame 406 3.0 45 days
U=A #14, Frame 13,08, 97. 48 daygs
-~ 105 Air Duet 9,266 A 70 days
.| 105 Air Duct 370,000 97.6 70 days
DW D-probe 365,000 68 .16 daysg
D-4 D-probe 170,600 - 32 13 Days

The above datg do not show any significant difference in the decay rates of any
pair of water ang a¢id-soluble fraction, What doeg appear 1s that the water-
soluble fraction of pile produced particles is Small, and differg markedly from
that of sediment from #5 Frame. The latter agrees roughly with the impingement
samples from D-probe. Tt also appesrs that the collections near the 105 Stack
also include pParticulateg of chemicsl origin--probably via the 205 Stack,

During the period 9-17-48 to 11-17+48, a total of 767 nose swab samples
were taken at the dispensary from a selected number of peopls upon campletion of
the day's work, The cotton swabs were sliced opren, counted in a standard beta~
gamma counter at 10% goometry, and were then radiovautographed for 24 hours, By

Particles were detacted on g greatar percentage of samples during the
reriod 9«-21-48 4o 10-8-48 than any other time, but during this period the great-
ast number of People raported to the dispensary for swabbings, Relatively fow
Particles have been detacted since 10-8-48, but during this peried the number of
Pecple reporting daily has fallen off markedly, '
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Of the total of 767 swabs, 138 were contributed by g 8roup working in
Building 105, witp g particle incidence of 12,32, ag compared with an incidence
of 7.8% in the remaining 629 swab samples, Air collections taken within 105
have indicateqd a8 greater amount of Particulates thgn any other location,

These resultg 8ive evidence of tho prosence of air-borne radiocactive
particulateg, The figures do not supply a good measure of the extent of thig
type contamination, ag it is folt that nogative raosultg @re not conclusive,

On October 16, a group of 4% x 17m X-ray film, wrapped in two thick-
Nesses of 1 mil A1 foil and covered with 1/2" plywood boards, werg Placed on
the ground in three radiasl lines, east, west and south, respectively, of the
105 Staek. They wera allowad 1o remain for g hours and then developed. The

count could not hg made, but occasional good £ilmg showed densitiag of dogens
of particles per Square foot.near the 114 and 706+ Buildings, and a fey
particles ware ip evidence on filmg as distant as a mile from the stack,.

and, by varieg Jot sizeg, Separates any varticulatas inte four stages.by ime.

function of the density of tho matorial, The above mentioned apparatus had .
boon calibrated fop U0 (specific gravity 10,9). It wag ostimated that the
maximum size of particles of U0, taken in by the inlet orifice is 10 microns, .
The firgt stago arraosts a1l Particles greater than 4 microns, the .8econd .
fraction hag a Mean size of 2 microns, thg third, 1 micron, and the fourth,
0.7 micron, It wag ostimated that the fipth stage (filtor Paper) fraction had
a mean sizo of approximately 0,4 micron, It mygt bo noted that if any active
Particulates were othop than U0y the abovg distribution is invaliq, .

tho Spoctroscopie method, Bota ang gamma counts wero teken on the slides and
filters., Slideg from two rung were radio-eutographod before.:being sont to .
Roch_ester. Table IX showg results of bota and g€amma counts,

Q m—t - -
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TABIE IX

Bota and Gamma Count on Cascade Impactor Samples

(Figures Indicato c/m at 10% Geomotry)

Moan Diamotor g Microns 2

Run Nlmbgr o | >4 ~2 1 0.7 0.4
#1a (15 hour aftor colleaction) 1372 272 293 176 843
#1bv (73 hour docay) 1096 124 81 46

#2a (1 hour aftor colloction) 987 625 485 309 1763
#2b (73 hour docay) 531 154 a8 48

#3a 44,82 337 28, 139 233
#3b ( 7 hour docay) 4533 357 299 123 236
#la 6779 531 198 76 96
#4b (7 hour docay) 6635 579 201 61 78
#5a 469 388 412 316 4223
#5b (7 hour dacay) 175 94 107 L1 263

Run #1 was a 7 hour run under normal opcrating conditions.
Run #2 was a 14 hour run undor normal opecrating conditions.
Run #3 was a 6 hour, 19! run, pilo down, slugs being pushad.
Run #4 was a 51' run, 12! of which was start-up of fans.

Run #5 was @ 56' run, pPOWOr on-

-It appcers-from Runs 1, 2, and 5 that tho groatest decay rates occur
in-tho finor fractions. A4lso, judging from Rums 3 and 4, which showed no
significant change in approximately 7 hours, the fast decaying fraction appeoars
whon tho sampling takos placo when the pile is "on", and may be due elther to
the froeshly developod activity in the UO, particlos or to decay products of
gasaous flSSiOn products adhoring to particloa or impinging directly on theo

Slidos.

Radio-autographs wore mada of Groups #1 and #2, A-D, Those con-
sisted of 72-hour oxposuros with Eastman's industrisl type K film. This
film has not boon calibratod, but is the most sensitiva X-ray cmulsion produced

by Eastman, Thoe rosults appecar in Table X.
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@ TABLE X |
Radio=Autographs of Cascada Impactor Slides |
Mean Diamctor A Number of
of Particlcs Boba_and Gamms Particies
Samplo (microns) ¢/m (10/5) c/m (10/8) Dotoctod ¢/m/Particlo
1A 6 1372 1096 140 7.8
1B 2 272 124 56 2.2
1C 1 293 81 41 2.0
1D 0.7 176 L6 15 3.3
2% 6 987 531 4, 12.1
2B 2 625 154 73 11.6
2 1 485 88 a8 1.0
2D 0.7 309 48 38 1.3
* This slidoc was brokon, and impingement design was irrcgular. It sccms

that tho air strcam was dostortod, making A and B fraction inaccurate.

These radio-sutographs showed a diffusc background in addition to
distinct spots. Conscquently, c/m/particle as givon in tho table roprosents
a valuo greator than that found in tho particulates above. This offact was

groatest in tho finor fractions.

4 roport from Rochestor on uranium contont of tho various gamples
has not yet appoarcd.

An ostimata of the probablo surface distribution of UO, particles
of pilc origin, vomted through tho stack was mado using a formula from

Sturdevant!s Engincoring Handbooks
= 248 x mph x 200!

K x wind (mph) x stack hoight
(particle size in j)? x donsity
Tho figures rosulting from this formula approximato thoso dorived
from Stoka's law for T = 70°F. A fow figurcs sppoar in Table XI, bolow,

Moan distanca traveled =

TABLIE XTI
Moan Distance Traveled by UOp Particles From 200! Stack
at Wind Volocity

Particlo

Sizo __ 1 mph 2_mph 5 _mph 10_mph

100 microns 271 54,1 135t 2711

50 m 108t 216t 5401 1084

25 " 432! 864! 2162¢ 4336

i 10 " 2,7 x 103t 5.4, x 103t 1.35 x 104 2,70 x 1015“

¢ 5 1,11 x 104! 2732 x 1041 5.56 x 104 1.11 x 102!

i 2 m 6,78 x 1041 1.35 x 109! 3,39 x 109t 6.78 x 10”7t
1 n 5144 mi, 103 nmi. 257 mi 514 mi.
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It would appoar from tho above figurcs that the largest fraction of
UGy particles less than 10 microns in diameter would fall outside the plant
site if the terrain were flat, except when the wind is less than 1 mph., Tt
must be considered, however, that the irregularities of the local topography
cause considerable turbulence, and also make the effective stack height a
variable. The frequency of windless periods, with their usual accompaniment
of thermal inversions, also tend to invalidate this approximation. It may
be noted, in this connection, that Frame #20, at 3000 N is at an elevation
Just less than the top of 105 Stack, and that there are occasionally high
collsction rates,

The Physics, Chemistry, and Technical Divisions have done
considerable work in analysis of the nature and size distribution of
particulates at their sources, particularly at the pile. The work of Physics
and Chemistry Divisions is being reported in (BNL-197 which will appear soon,

, 5 P .
LG D Bt
H. J. ’,Mc.Alduff 7/ /
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THE PARTICLE PROBLEM AT OAK RIDGE NATIONAL LABORATORY
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AN HISTCRICAL SUWJARW:”’“‘:;’W

Introduction

Farly in 1944 radiation measurements made in the X—lO Arga in con-
nection with routine surveys indicated a graduéi build-up of general back-
ground activity in the downdlnd direction from the exhaust stack following
slug ruptures in the reactor. It was also noted that this background con-
tamination decreased vith each subsequent rain. It was not suspected at
that time that the origin of this radiation was associ ated with alrborne
particles. The failure to recognize the existence of radloactive parti-
cles was due, in part to the fact that adequate instruments were not avail-
able. Furthermore, air samples taken in many areas by constant air monitors
since the Laboratory began operationsg in l9h3, have indicated no general or
gross air contamination much above tolerance except for a few occasions when
}ocallzed areas were contaminated with radloactlve %oﬁ;ne, radiocactive
phosphorus, or general radiocactive fumes. o |
| In May 1948 it‘was learned that the people at Hanford were somewhat
concerned about airborne particles having high specific activities produced
in the process of carrying out certain phases of their operations. In view
of this it appeared desirable to study gquite thoroughly the possibilities of
hazards from such airborne activities at the Oak Ridge National Laboratory.
With this in mind more emphasis was placed on general area surveys.

In the course of a routine survey on Msy 20, 1948, the presence of
radiation was detescted on the platform of one of the service buildings

(Paint Shop). The dust and debris in the immediete vicinity of the apparent

source of radiation was carefully collected and examined in an effort to
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was undertaken by the Health Physics Division. Manpower was diverted from -
certain routine operations to this investigation. This decision was made
even though no indication had been found that radiocactive particles smaller
then 1C microns were settling on the Laboratory grounds. Since the per-
centage of particles larger thon 10 microns which enter the lungs is be-
lieved to be very small, it was the general opinion that no gerious condition
existed because of airborne particles.

Extensive Tield surveys were undertaken as the first major step in
the investigation of the problem, and these surveys disclosed & fairly large
number of radiocactive particles dispersed throughout the areas surveyed.

Special attention was given to freshly graded areas where, it.was believed,

contamination would not have been tracksd or spread by equipment. The
number‘bf particles found ranged from one per 50 square‘feet to only a few
in 4,000 square feet. The greatest number per unit aree was found in the
vicinity of the reactor off-gas stack. FExamination of these particles re-
vealed that most of them had a characteristic gray color and a range in size
from 90 to 500 microns. It was believed thet they originated in the

reactor and were airborme from the stack.

The use of 3' x 4' wooden trays with glass wool bottoms to trap and é
hold airborne particles which might fall on them indicated definitely that
at least some particies were airborne. This corroborated resultslobtained
in the survey of freshly graded areas which supposedly could have become
contaminated only by airborne particles.
The first evidence of radicactive particles on the. wooden trays with
glass wool bottoms was found on July 21, following a slug rupture on July 20.
An examination of the radioautographs of these trays taken on X-ray film
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‘ Study of the X~-r2y film indicated a raonge in sizes of the radioactive parti-
cles from approx:metely & micron up to many microns in diameter. This con-
firmed earlier predictions that where larger particles existed, smaller ones
should also be fjund. Many of these particles fell into the range of size
which, accordin.; to the data of Dr. Philip Drinkler of Harvard University,
could be effect.ively held up in the lungs. Drinkler's data, however,
applies to totacco smoke, Mgl, and CaCO3, and may or may not apply to this
problem.

This evidence of particles covering the whole range of sizes from
less than one micron to several hundred microns was sufficient to indicate
that the problem of air-borne radiocactive particles definitely presented a
possible health hazard, since it included those particles which could be
breathed into the lungs and possibly retained there for 2 considerable
.F period of time. Therefore, it was decided that on the basis of this infor-
mation, immediate action should be taken to develop methods for maintaining
control of the formation and distribution of airborne particles on the
plant site.

After considerable discussion of the particle problem with Mr. T. F.

Natch, he made the following statement in a memorandum on the subject: "It
cannot be said, from the existing knowledge and data, that a health hazard
does or does not exist. COwing to probable requirements of many years to

develop proof from experience among exposed individuals, decision must now

be made &s to corrective measures in the absence of absolute proof. The

only proper position, in this situation, is to assume & potential hazard
and proceed within reasonable limits to institute corrective measures, and,
in addition, set up animal research to study this hazard".

In a meeting of representatives of Oak Ridge National Laboratory with

Sk =il




’ members of the Atomic Bnergy project at the University of Rochester, the
opinion was expressed by the Rochester group that "very 1ittle if any real
hazard to health exists in the present situation, and that shutting down
operations would not be warranted.” They agreed, however, to undertake a
research program.to obtain information not presently available but which
is necessary for & fTinal evaluation of any hazard which may exist in this
connection.

After being told of the perticle problem and asked his views, Dr.
Shields Warren of the Atomic Enery fommission expressed, in a letter tO
Dr. K. Z. Morgan on October 21, 1648, the opinion that wipe conclusion 18
justified that no hazard of pulmonary damage or of ultimate production of

pulmonary garcinomas exists”.

.' The Full-Scale Program

At a meeting of Laboratory management on August 3, 1948, the follow-
ing four methods of eliminating the formation and distrivbution of active
p&rticlés from the reactor exhaust stack were considered:

(a) The use of urcnium oxide glightly enriched in 235 instead of
golid uranium rods. This method would eliminate the oxidation'
of the urenium and the subsequent rupture of aluminum cans.

(v) To enclose all of the uranium glugs in sluminum tubes and con-
vert to water-cooling of the reactor.

(c) Complete filtration of all the cooling air from the reactor

pefore it 1is discharzed up the stack.

(a) Recycle and cool the air, filtering only the purge which is
discharged up the atack.

Methods (a) and (v) were believed to be impracticel under the existing
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conditions and would reguire a tremendous amount of engineering and develop-
ment work before they could be placed in use. In preparation for reaching
decisions on methocds (c) and (4) information regerding the evailability of
filtering equipment was requested from various menufacturers.

During the followiﬁg weeks it was decided +het the installation of
P£ilters in the exhaust air strsam of the reactor would be the most feasible
and practical solution to the problem. Consideration was given to the ad-
visability of using 200 Chemical Corps Filters, Type 6, size 24" x o4t x 1157,
each with rated air capacity of 600 cfm, in the filtration process. The
pbasis for this recommendation was as follows:

(a) Any open system of removal devices will undoubtedly be followed
by a mechanical filter as & final clean-up apparatus vefore dis-
charge of effluent gases to the atmosphere.

(b) The Chemical Corps Fiiter has been fabricated on a production
pasis and found to function satisfactorily under various field
conditions.

(¢) The Dayton and Hanford plants have obtained good results with
it and the primary objection seems to be cost, with disposal
following contamination a gecondary objection. Techniques for
removal end disposal have elready been developed and have been
in effect for approximately a year at the Dayton plant.

(4) The framework installed can also be used for a glass wool filter
instead of the paper type if, in the light of future developments,
this is deemed advisable.

(e) The recommended filters were already in production for use at

other AFC installations and could be obtained in a minimum
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amount of time, whereas the other filtering devices for
radioactive materials ere still, more or less, in the experi-

nmental stage. :

e e o S .

Using the dioctylphthalate and methylene blue penetration tests,
; according to information received from the Chemical Corps, results indicate i
that the CWS filter No. 6 will remove 99.9T% of the smoke and dust particles
) having a median dianeter of 0.25 - 0.35 microns from an air stream and will
allow the passage of about 3 per 100,000 particles having diameters of 0.8
microns. Larger or smaller particles will be removed with even greater
efficiency by CWS #6 peper.
By September 20, 1648, the following program had been formulated for
a comprehensive and coordinated attack on the particle problem:

1. Removal of Solid Particles from Reactor Air

, ) (a) Technical Division - Design and procure cyciones, filters, and
electrostatic precipitators to remove dust particles of .1
micron and above. Installation of filters to remove particles
to be expedited by all possible means.

(v) Engineering Division - Design and construct suitable facilities

A to hold the above equipment on its arrival and install equipment.

(c) Operations Division - Survey slug channels each day for slugs
undergoing swelling. Spray water in exit air duct during dis~
lodging of ruptured slugs. Frepare detailed data on previous
slug ruptures.

5. Determination of Other Particle Problems

(a) Health physics Division - Investigate frequency of particles

‘ emitted from other buildings in which large quantities of
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radioactive matericls are processed. Investigate incinerator to
determine if any active material is being burned.

3. IExperimental Work. on Decontamination

(a) Engineering, Technical, and Health Physics Divisions - Investi-
gate means of decontaminating the process area to remove solid
particles from the roads and ground. Determine the effectiveness
of wetting and oiling the roads.

(b) ZEngineering and Safety Departments - Carry out oiling and wetting
of roads and sidewalks. Arrange to vacuum areas and decontaminate
by dirt removal or covering, grass planting, etc. If necessary
to keep dust down, cover roads and any dusty areas with calcium
chloride.

L, Policy of Operations

During the interim period until the filters could be installed the
reactor was to continue in operation. Since it was believed a large per-
centage of the particles in the air came from those which had settled out
and become airborne again due to the movement of vehicles or wind, the problem
could not be solved merely by shutting down the reactor. ZIEvery effort was
made to detect swelling slugs before they ruptured. 0iling and wetting
streets along with decontamination procedures were carried out to reduce the
number of airborne particles. While the particles were considered hazardous
very little actual data was available to substantiate this belief. In any
case, it was believed that the number of particles inhaled by personnel during
the interim period would not greatly increase the danger.

The following plan of immediote attack was proposed and adopted:

1. Ceorry out the following steps to fix the particles that are already
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settled in the X-10 Area so that they would not become airborne repeatedly:
‘ (a) Plent grasgs
(v) Wash particles off roofs, surfaced roads, etc., with fire hose
(¢) Hard surface all permanent roadways and keep other rocdways oiled
(d) Block off roadways that are not needed

2. Determine the location of all particle- roducing operations and discontinue
e D

or postpone these operations (with the exception of the reactor operation)

é until filters, precipitators, and other particle-removing equipment are in-
! stalled.
% (a) Investigate the advisebility of postponing or eliminating the

Rale runs until particle-removing equipment was installed.
(b) Adopt similar precautions regarding other operations, such as
§ redox process, that were believed to contribute to the number
. of particles in the X-10 Area.
3. Remove ruptured slugs from the reactor only during favorable metoerologi-

cal conditions and when there were a minimum number of persons in the X-10

R s

; Area.
% (2) Renmove slugs only when there was a wind velocity equal to, or ?
§ greater than, 8 miles per hour and no inversion. This, in ;
? general, precluded a ruptured slug removal operation except !
§ during the day shifts of Saturday and Sunday since inversions
continue throughout practically every night.
4. During a period of a week following a known slug rupture, discontinue
reactor operation when the following conditions exist:
(a) An inversion
(b} A wind velocity less than 5 miles per hour
‘ (¢) The wind is blowing from the northeast or east

o - —




This meant that for a week following a slug rupture the reactor would not
ordinerily operate at night and it would operate only zbout half time during
the day.

5. Move with maximum reasoneble speed to place in service particle removing
equipment wherever needed.

6. Use every reasonable means to locate and remove a ruptured slug as soon
as it occurred.

7. Begin an investigative nose swabbing program in which approximately 50
selected pérsous Wbuld'stdp'by the Dispensary for c nose swab at the close
of each working day. The Health Division was to make the swabs which would
be collected, placed in envelopes, énd turned over to the Health Physics
Division to monitor for beta and gomma activity. (The same 50 persons were
to be used throughout the experiment.)

8. It was alsc decided thaot chest Z-roys would be nade for all personnel
employed at the Laboratory. Thesc were to be compared with those made at
the time of employment with the view of determining if any evidence of parti-

cle damage could be detected.

9. The Health Physics Division would continue to collect information con- =

cerning the particle problem ond determine, if possible, the following:
(2) Origin of particles
(b) Size distribution
(¢) Frequency ond number
() Activity (alpha, beta, ond gormn)
(e) Effectivencss of above remedial measures

(d) Extent of hazards involved.

- 10 - —
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I 10. Develop new instruments for neasuring the activity leaving the reactor
in particulate forn, and detect ruptured slugs at the earliest possible date
after their occurrence. |

Concentrated Study of the Particle Problem znd Remedial Action

It was decided %0 install immediately in the reactor exhaust air duct
two thicknesses of American Air Filter Company, FG-50 glass wool filters,
followed by Chemicel Warfare Service filters No. 6. As soon as the decision
was made concerning the types of filters to be installed in the reactor exhaust
alr stream, design layout of the necessary structure to house the filters was
started. The basic layout was presented to the Austin Company for, detailed'
désign on September 21 and preliminary grading was begun on September 22 by
the J. A. Jones Construction Company. Construction proceeded on two ten-
hour shifts daily until the filtecr houss was put into operation on November
15, 1948. Preliminary efficiency tests on the operating filters were started
at once.

It now appears that in all probebility the present filter system is-

sufficiently effective to make the electrostatic precipitatérs unnecessary.
The CWS #6 paper, in the manufacturer's efficiency tests using dioctylphthalate

smoke, reroves 99.97% of the particles of 0.3 microns diameter. In additionm,

£y g g ey

retention of airborne particles of smeller diameters takes place by adsorption, ‘
absorption, or some other means not well understood. Data furnished by the
Chemical Warfare Service indicctes that the efficiency increases as the size

of the particles is decrensed to the renge in which Brownian movement is

effective. There appears to be on optimu: particle size for which the filters
are least efficient. Since this size is in the range of about 0.3 mic:ons

and since the filters are supposed to remove 99.97% of the particles in this

range, they should have o very high overall efficiency.
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An order has been placed with the Ducon Company of Minecla, New York,
for a twelve unit Cyclone separator assembly capable of handling the exhaust
air from the reactor. The cyclones were originally scheduled to be shipped
by December 11, 1948. A preliminery design report for a cyclone building has
been completed ang transmitted to the Austin Company for preparation of con-
struction drawings. Until it is determined whether installation of the
cyclone separactor unit is econonmically warranted, the actual installation of
the system will probably be postponed, although consideration is being given
to the installation of cyclones to determine their effectiveness in reducing
the load on the filters and to obtain operating data.

A thorough survey was made of the possible application of electrostatic
precipitators to the X-10 air cleaning problem. These investigations revealed
that no performonce data wos available for this type of filter systen operated
under conditions requiring as rigid specification as those demanded at the
Laboratory. Therefore, there is no assurance that electrostatic precipi~
tators can approach the effectiveneas expected of the newly installed filter
systen.

The installation of electrostatic precipitators is also being post-
poned until such time ag either (a) experience shows that +the 1ife of paper
filters is so short as to make installation of electrostatic precipitators
Teasible on a purely economic basis, or (b) there is evidence that the filters
are not removing a sufficiently large number of particles. To date, neither
condition has been proven to exist by the data available. Nevertheless,
electrostatic precipitators mey be installed at a later date to reduce fhe
load on the present filters and thus cut down replacement costs. In any case

development tests will be conducted on electrostatic precipitators to determine

- 12 - | S
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their overall effectiveness in removing radicactive particlés from the
. reactor exit cooling air. The use of improved roughing filters will also
be investigated.

Since the reactor was known to be contributing airborne particles and
since Hanford experience indicated that chemical operations were another
contributing factor, a progrem of study of the exhaust goses from the various
process buildings was set up.

g Permanent air cleaning facilities were studied for all contaminated
exhaust gases in the area. The contaminated air can be classified as follows:
i (a)» Dissolver and process off-gases which are highly radiocactive and

require scrubbing to remove acid gases such as NO5.

VRt M. i

(b) Cell ventilation.
(c) Hood exhaust.

Several collection and decontamination systems have been studied, in-

.v» SRR

volving different groupings of buildings. The possibility of materially re-
ducing the flow of contaminated air from each building was considered in
order to decrease the asize of air cleaning equipment. Air ventialation

systems in the past have been designed on the principle of dilution; i.e.,

A, i

the more air ciruclated the better. Now the principle has been changed to

call for the circulation of a minimunm amount of air and removal of all

possible particulate matter and all gaseous impurities before it is exhausted.

Tests were conducted, therefore, to reduce materially the flow of contaminated

air from each building. In general, the cleaning systems originally planned

would consist of the following: ' |
(2) Equipment for Off-Gas Lines - Scrubbers to remove acid gases . 5

and traces of soluble gaseous activities such as 1131, plus
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additional cleaning for particulate activity along with the
‘ ¢ell and hood exhaust air streans.

{b) Cell and Hoog Ventilation - A roughing filter similar to the AAF
Deep Pocket FG 50, and o Tinishing filter such as the CWS #6
paper. Depending upon the experience gained with the use of
these filters in the reactor air cleaning system ang upon experi-
nental data, electrostatic Precipitators nay be installed.

More recent reconmenthions follow a somewhat different plan of aettack:

(a) TFor very high level sources not containing excessive corrosive
agents or moisture - 1 layer FG'25, 1 layer FG 50, 1 layer CWS #6
paper. (Ezample - cell ventilating air for 706-D building.)

Fron a longerrange economic consideration, the addition of a
precipitron type cleaner before the filters nay be desirable.

.' : (b) Por high volune, low level sources, such ag hood air from low
and medium level hoods - a brecipitron type electrostatic preclpl-
tator so modifieg as to provide negative 1nstead of positive ioni-
zation.

(c) For high level sources containing moisture and/or corrosive
agents - an electrostatic bPrecipitator. Data is not yet avail-
able to ascertain whether & precipitron, plate s Or tube type
Precipitator is the optimum‘ type.

(d) Small volume high level off-gas should not be mixgd into or
processed in the same systen as low level, large volume sources,

such as hoods. |

be instituted as Soon a8 posgible to ascertain the relative efficiencies of

‘ the variocus types of filters and electrostatic. Precipitators.

- ik - R ]
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. An experiment to observe slug ruptures was undertaken. Results of
this investigation indicated that slugs ®well to the rupture point much more
slowly than had been previcusly thought. In the experinment not one of the
heated slugs failed in 30 days' operation test, although each had a drilled
hole several hundred times larger than the pin holes which might occur in the
welds of metal cases due to faulty canning. Such a corparison suggested that
slugs with faulty welds oxidize and swell gradually over & period of many
months.

The conclusion drawn from a preliminary study of the possibility of
using Brookhaven~-type slugs is that considerable development_work would be
required to perfect new slug fabricating techniques and satisfactory remote
control tools. Efforts are now being concentrated on other possible golutimns
to the problen.

. An instrument for monitoring reacfor exhaust air in such & way as to

serve as a specific detector for fission gases was developed and fabricated. .

It is believed that fission gases are produced by fission recoil processes
from exposed uranium in the reactor. The monitor, hence, gives a continuocus
record of the relative area exposed. Since uranium is exposed in the reactor
only when a slug is ruptured, it is expected that this instrument, which is
now in continuous operation, will give a positive and early indication of any
ruptured slug. However, it is not known at present whether or not the
nonitor will be a good detector for this purpose, since the background
contanination is rather high and also because no slug ruptures have occurred
gince the monitor was installed.

Samplers were installed on the redox operations and the isotope

separations building air exhoust lines. Results obtained from these samplers, %
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vhich incorporated a cyclone separator followed by a CWS #6 filter, indicated
that the redox process was only a very minor contributor of radioactive ﬁarti—
cles and that the chemical separations Bldg., 706-D, during the time of a
Rzla run was a major source, producing perticles at a rate greater by
several orders of magnitude than any other known source.

Temporary filters had been installed in the dissolver and vessel vent
off-gas lines prior to the Rala run on which dota was cellected; but no
filter was installed on the cell ventilation duct. Sariples of the exhaust
air indicated that the cell ventilation duct corried out activity at a higher
level than the other lines. Culculations based on the deta obtained in the

course of the last Rala run indicate thet the following amounts of airborne

radioactive particles were discharged:

Cell ventilation duct 15 curies/5 days
Vessel vent line 2 curies/sS days
Dissolver off-gas line 0.5 curies/5 days

The above data clearly established the fact that the Rala production facilities
constitute & major soﬁrce of airborne activity. Design work for & cell ventie
lation duct filter was started immediately upon the disclosure of these facts.
It is expected that this filtér system will be installed before the next
Rala run.

Dr. R H. Wilson of the Rochester Project visited the Osk Ridge
National Laboratory during November 3-7, 1948, for the purpose of collecting
samples of airborne particles to take to Rochester for analysis in an effort

to determine primarily the perticles size distribution. Results of this work

have not been reported to date.

e
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Current Status ofvthe Particle Problenm

The reactor exhaust air filter facilities havc been completed and are
now in operation. Sufficient data for eveluating the efficiency of the
filters has not been compiled. Data now being accurmulated will serve as &
basis for deternining whether cyclone geparators, or electrostatic precipi-
tators, will need to be installed in series with the present filters to reduce
the load. For this usc they need be neither extremely high in efficiency
nor extremely expensive.

The fixation of particles which have already settled out over the
plant area has been completed. Grass has been planted, the roads have been
paved, and hosing down of the rocds and streets has been accomplished.

| Temporary filters have been installed in off-gas lines of the chemical
separations building (706-D, Rala). Construction of filter facilities for
' the cell ventilation air, somewhot similar to those for the reactor, but on
a Bmeller scale, has been started and is scheduled for completion December 31,
1948,

Sanpling of exhausﬁ geses from the reactor and chemical separations
building will continue until the effectiveness of present filter installations
can be ascertained.

Area surveys for particle contamination will continue on a routine
basgis as a part of the Health Physics progran.

The initial program for making chest X-rays for personnel working on

the plant site has been completed. According to present plans, a similar

series of chest examinations will be made every cix nonths.

The study of blood counts is now in progress and, according to present

plans, will continue until sufficient data has been accurmlated to evaluate

- 17 - e
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The nose swabbing progran has been discontinued since no positive
evidence of the presence of radicactivity in the lungs was obtained and no
reliable quantitative measurements could be made.

Reactor sample stringers of a new design aré being developed to de-
crease the number of particles released directly into the operating area
when a stringer is pulled out. A temporary particle collector which
eliminates about 90% of the particles has been installed and will bte used
until a more efficient permenent stringer and collector become aveilable.

Three methods for detecting ruﬁtured or swollen slugs are being de-
veloped and are presently under consideration. These are methods which will
enable one to detect the defective slugs in an individual row. The method
now in use is designed to detect the existence of a ruptured slug somewhere
in the reactor. Experimental work to determine the most effective method or
combination of methods is eﬁpected to begin soon.

Dr. Arthuf J. Vorwald of the Trudeau Sanitarium and Mr. T. F. Hatch
of the Industrial Hygiene Foundation of America have been engaged as con-
sultants on the biological effects of inhaled radioactive particles.
Conclusions

(a) Most of the effort expended thus far has been concerned gainly
with the removal and control of existing particles rather than with the
elimination of their sources. The method of attack appeared feasible in
view of the urgdent nature of the problem. It is deemed advissble that
greater emphasis in the future be placed on developing methods for eliminat-
ing the source of the particles.

(v) Before any final decision can be made regarding the type and

size of the filter systems that will be most femsible for coping with the
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particle problen it will be necessary to accumilate more data on the per-
formance of those systems now in operation.

(¢) There is not presently available sufficient and reliable date to
permit making a thorough evoluation of the seriousness of the particle problem.
Therefare it will be necessary to carry out more tests extended over sufficient
time to gain more informatien regerding the basic problems involved.

(d) There is no positive evidence to lead one to believe that any
significant damege has been caused to the personnel and thdt no eppreciable

risk is involved in the present plant operations under existing circumstances.
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APPENDIX I

DIBLIOGRAPHY OF TMPORTANT RAPORTS AND MEMORANDA OIf THE PARTICLE PROBLEM
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ORNL Waste Disposal , 10-25-48
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ORNL Waste Disposal, 11-1-48
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ORNIL Weste Disposal, 11-8-48

8th Weekly Progress Report on
ORNL Woste Disposal, 11-15-48

Oth Weekly Progress Report on
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ORNL Waste Disposal, 11-29-48
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ORNL Wastc Disposal, 12-6-48
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ORNL Waste Disposal, 12-21-48

Progress Report on the Particle
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J
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3rd Progress Report on the Particle
Problen, 11-48
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ORNIL, Cen. Files #

ORNL-215

ORNL-140
48-.8-19

418-8-86

18-9-k2
48-9-123
418-9-126

48-9-140
48-9-142
48-9-165

48-10-75

48-10-8

4L8-10-128

48-10~167
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Technical Division Quarterly Report
for Quarter Ending November 30th,

11-30-48

Technical Division Quarterly Report

for Quarter Ending 8-31-48

Discussion on Particle Problemn,
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An Estimate of the Exposure from
Specks of Insoluble Radioactive
Material that May become Lodged in

the Lungs, 8-2-48

Industrial Hygiene Aspects of the

Particle Problem, 9-7-48

Remedial Measures Regarding the

Particle Problem, 9-15-48

Recormendation for Irmediate
Solution to Airborne Hazards
from the Pile Stack, 9-8-48

Particle Problem, 9-20-48

Air Gooling Program, 9-20-43

Preliminary Calculations Con-
cerning the Particle Problenm,

9-28-48

Recommendation for Pile Operation
and Particle Program, 10-6-43

Minutes of Conference on Particle
Problem of Isctope and Pilot Plant

Areas, 9-27-48

Recommendations for Future Rala
Runs and Particle Problem, 10-11-48

Particle Removal Test Program -

TD-61 10-14-L48
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S. MclLain
L.B.Enlet
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K.Z. Morgan
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THE PARTICLE PROBLEM (PROGRESS REPORT i)

The third progress report (ORNL~211) covered particulate sampling
I
through November 9, 1948. The present report records sampling data through

January 31, 1949.

During this period the filter house was connected into the pile
exit air duct, and put into operation. This entailed a pile shut-down of
several days while the ducts were broken through and connected, and also the

blowing out of the contaminated concrete dust, pulverized in the course of

the operation, from beyond the exit side of the filter. The period also in~

cludes two Ra-La runs.

Collection data from 3' X 4' sedimentation frames are shown in Table
I. While these collections are not a measure of breathable particle sizes,

they do give an indication of the comparative density of particulate contami-

nation - at least as regards solids, such as are produced in the pile. They
have been found nobt to be an indication of chemical-process produced contami-

nation, which presumably occur at their sources in the form of a fine miste

Allowing for the above mentioned limitations, and the fact that the

frequent and heavy rainfall throughout most of this period interfered with

collecting efficiency, Table I indicates that a considerable number of particles
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of contaminated concrete, shattered by the break—through, was vented through the
stack immediately after the filter-house was put into operation. This was expected.
However, it was somewhat surprising to find that the particles continued to appear

in some profusion for many weeks.,
~

Pable II is a condensed version of these same data, with the ;ocations
re-arranged in order of distance from the pile stack, and the time grouping approxi~
mately by months except that shut-down periods are recorded separately. It appears
from this table that (1) more than a fourth of the particulates collected in the
September-October period were due to re-location, as the total shut-down period
caused a drop of less than a factor of four, (2) that the clean-up of the plant
area (grassing, paving, etc.) was effective, as shown by comparison of the two shut-
down periods, (3) that a large number of active particles were produced during the
duct break-through, (4) that the filter system brought about a sizeable diminution
of the number of heavy particles (reduction factor > 4 in one month, and > 13

in two months) and (5) that collection rate during January is about one fourth that

of the period of total shut-down in QOctober.

It may be noted that frame #11 is on the roof of the fan house, and is
perhaps most significant as a measure of the primary source, and #1.3, which gives
the highest recent values is near a concrete walk which was not affected by the

paving and grassing operations, and consequently may be a secondary source. 1t
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mst also be noted that there was considerable rain throughout this period. There
is no doubt that this factor reduced the number of particles detected by this
method, but it is not clear whether this is due to the washing of the air or the
washing off of particles that may have fallen on the frames. It may be noted, how-
ever, (Table 1) that collections during dry periods, though slightly greater than

those when there is rain, also follow the same trend.

The active particles found on the sedimentation frames after the cool-
ing air had been routed through the filter appeared to be pulverized concrete,
when viewed under a microscope. There appeared spots of aiscoloration on most of
them. Decay curves run on four samples from two frames near the stacks, collected
on December 2, showed an apparent half-life of A~ 120 days during a two month
decay. If one uses the rule of thumb that the apparent half-life of a natural
agglomeration of fission préducts is a measure of it's age out of the pile, and
considers that the shut-down to connect the filter-house occured less than a
month before the date of this collection, it is evident that these samples showed
no fresh particles that were passing through of by the filter, but that they con-
gsisted of duct contamination loosened by the break-through and connection of the
air ducts, and carried by particles of concrete. One would then expect that the
duct be cleared of this loose debris in the course of time, and this is what is

occurring, as appears in Table II.

SR
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Table II1
Filtron Data
Particles/1000 f£t3 iir

Date
From To 706-4 105 706-D _104-B _ 703-B _ 706-B Remarks
10/23 11/9 059 1.75 1.82 0.57 0.27  0.92
1/9 11/16  1.39 0.56 5,17 O.42  0.5¢ 0428
11/10 11/11  3.19 0.71 3,20 0.71 0 0
11/11 11/12 2.08 4.90 0.70 0.4l 2.Ub 0.42
11/12  11/13  0.56 0.28 7.57 0 0.56 0
11/13 /1, 0.1k 0 ) 0 o, O R
11/, 11/15  2.08 0.97 0.97 0 0.1  0.56
11/15 11/16 O.1k 0.h2 0.71 0 0.28 0.28 R
1/16 11/17 O 0.14 Cols4 O oy O
11/17 11/18 o©0.28 0.83  O.k2 0.72  0.83 1.80 Rala
1/18 11/19 © 0.97 1.81 0.28 097 1.67 Rala
11/19 11/20  3.47  7.08 k.7 0.97 5.42 111 Rala
11/20 11/21 850. 661. 81k. 154, 631, 6h2. Rala
11/21 11/22 175. 50.1 31.7 53,6 17.8 L2 ok C Rala
11/22 11/23 417 0.14  7.22  0.28  O.1 0.28
11/23 11/24 Q. 1.39 Lehly 0428 0 0.h2
11/25, 11/25 2.50 0.42 7.08  0.42 0.42 0469
11/25 11/26 0.28 2.04  3.95 O.42 0.L2 Le22 R
11/26 11/27 © 0 0.83 0.14  Oodh  0.28 c
11/27 11/28 16.7 Oodlh  T1.9 0.28 D456 1.63
11/28 11/29 0.42 0.30 1.59 0.28 1.26 0.42
11/29 11/30 1.25 0.4 0.82 O 0.28  0.69 CR
11/30 12/2 3,92 0.4l 2.18 0.07 0.54 0.27
12/2 12/3 2.56 0.48 1.55 0.2 0.36  Ou4 R
12/3 12/6 0.23 0.32 1.1 0.19 0.18 0.37 c
12/6 12/8 1.25 1.02 2.36 0.4 0.69 0.80 R
12/8 12/10 1.0k 042 2.08 0,21  0.56 1.04
12/10 12/13 0.79 0.51 0.65 O.14 0.05 0.37 C
12/13 12/15 0.70  0.69 11.6 0.07 O 0.28 R
12/15 12/17 0.07 0 3,06 0.07 0.07 0,07
12/17 12/20 0.09 0 1.30 0,09 0 0.09 c
12/20 12/22 0.21 0.,28 9.31 0.14 0.14 0.35
12/22 12/27 2.89  0.09 0.81 O 0.08 2.1 R
12/27 12/29 0.69 0.07 O.14  0.07
12/29 12/31  9.68 1.30 0,05 RC
12/31 1/3 046 02 O 0 0.65 c
1/3 1/5 0.35 0.42 0.28 0.07 0 0.21 R
1/5 1/7 2,99 0.,21 1,60 0,07 O 042
1/7 1/10 0.93 0.37 1.06 0.05 0.09 0.37 C Rala
1/10 /12 1.18 0455 5455 0 0 0.28 R Rala
1/12 1/l 8.26 0.56 98.8 0.21 1.7 O.l14  Rala
1/, 1/17 1.11 0 9.07 0 1.53 loids C Rala
1/17 1719 0.69  0.dh kel 0 0.35 O X
1/19 /21 174 0.21 2457 0 028  0.28
1/21  1/24 0.05 407 0 0405 0.09 cX
1/2,  1/26 7.36 14.79 0.07 0.21 C.l4 R
1/26 1/28 0.69 26.88 0.1, 0,07 0.07
1/28 1/31 0 3,94 0.09 Oelk c

R is Redox process dissolving
X is Xenon dissolving

iy

a. D

¢ is Radio-iodine dissolving

5 T
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The results of filtron collections are given in Table III. From these
data two interesting facts are indicated. First, it appears that, except for the
two at 706-A and 706-D, the trend of particles collected is down, though the trend
is not as evident as in the frame collections. Second, it is gquite noticable that
the filtrons at T06-A and 706-D respond strongly to chemical operations in 706~-C
and D buildings-. Either or both of them show a strong increase in particles/¥ ftB
collected about three days after the start of every Iodine run in C. Three days
is the approximate length of the extraction cycle, and the discharge of particulates
apparently takes place, not during the slug dissolving, but in the final stages of
the process. Two Xenon runs were made, but any effect of these is not distinct be-
cause of simultaneous or nearly simultaheous jodine runs. Ra~la runs, because of

their magnitude will be considered separately.

The other filter type samplers are the USPHS filters drawing ~ 240 cfm
thru 10 £t? of filter paper. Results of collections from these appear in Table IV.
The figures represent particles per thousand cu ft except those at #5 in Townsite,
which are reported in particles per million cu ft. Here again, there seems to be
an overall decrease with respect to time, except that 1 at 706-D E. platform shows
results which follow operations in 706-C and D buildings. Unfortunately, the short-
age of filter paper during November prevented the sort of coverage of the Ra La run

which was desired, and the figures shown are averages over prolonged periods, and

consequently are not representative of maximum densities of contamination.

P~
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Table V

Outside Constant Air Monitor Data - November Rala Run

Increase in Counting Rate Weather Data
(¢/min)
. 115-B  706-A  735-B Wind Wind
Date Tiue ~c0' N 350' 300! W_Velocity Direction Rain
5 11/17 0001 - 1200 60  —— 260 L7 SW - NE
: 1201 - 2400 1290 —_— 790 L7 E (var)
. 11/18 0001 - 1200 1380  —-—- 890 3.7 NE
1201 - 2400 380  ———- 230 7.3 g (var) Tr
11/19 0001 - 1200 290 6.3 Var 2.80
1201 - 24,00 -—-- 230 110 15.4 E - SW .32
11/20 0001 - 1200 190 90 330 17. SW
1201 - 2400 1150 840 1290 10.8 S
11/21 0001 - 1200 ——- 0 220 3 Sh
0101 - 0200 ——-= 200 2100 5 SW Temperature
0201 - 0300 === 1810 2300 3 W Inversion
0301 - 0400 === 7000 5800 L i "
0401 - 0500 =--— 15500 3300 3 sw "
0501 - 0600 -———— 14000 8000 8 St n
! 0601 - 0700 ———  LOOO  4OOC 2 SW "
A 0701 - 0800 ———- 0 3500 3 NE n
T 0801 - 0900 ———- 1000 2000 3 NE
0901 - 1000 -——- 0 0 2 B
@ 1001 - 1100 ——- 0 0 2 for
E 1101 - 1200 —— 800 660 3 S (var)
1201 - 1300 200 2200 1040 2 S (var)
. 1301 - 1400 0 0 0 3 3 (var)
i 1,01 - 1500 100 0 o 3 Var
. 1501 - 16C0 ——- 0 0 2 S
1601 - 1700 -——- 300 250 2 E
1701 - 1800 ——- 100 0 L NE
1801 - 1900 ——- 300 0 3 NE
1901 - 2000 —-- 100 200 2 E
2001 - 2100 ——- 300 50 0 E
2101 - 2201 -—- 0 0 2 NE
2201 - 2300 —- 400 0 2 Var
2301 - 2400 ——- 0 0 3 S
11/22 0001 - 1000 1350 480 90 3.0 NE - W .30

e b T AR R RS
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Table V gives information pertinent to the November Ra 1a run, which
does not appear in the other surveys. In particular, it contains weather data,
and rise (in increased ¢/min) of readings on three constant air monitors at
various locations on the area. Though some of the data are missing because of
instrumental difficulties, it is evident that the highest degree of contamination
occurred during a four-hour period from 0300 to 0700 on November 21, If one
assumes that particulate contamination was proportiocnal to total air contamination,
it appears that ~_ 70% of the particles appearing on the USPHS collectors were
trépped in this period, and consequently the density of particulate air contami-
nation indicated was 719/M ft3 at 706-D E. platform, and 912/M ft3 at 115, Filtron

samples indicated an even higher concentration.

The inversion which obtained during this high activity seemed to have
retained most of the contamination in the valley. Collection at 703-B was almost

as high as at 706-D and the one at 104-B, though nearer, was considerably lower,

The D-stack effluent (cell ventilating air) was filtered through a
temporary filter during the Jamuary Ra La run. It is immediately evident from
Tables IIT and IV that the area contamination was greatly reduced by this filter,
Furthermore, Technical Division has estimated the output of D-stack to have been
~r15. curies durihg the November run and less than O.i curie during the January

run. It ma& also be noted from these tables that the spread of contamination was

SeliwiritBnis
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greatly reduced. During the November run, filtrons showed extremely high particle
count throughout the area, whereas in January the count was fairly high at 706-D E.

platform, showed a lesser rise at 706-A, but was almost negligible elsewhere. The

g change is further evident from the three outside constant air monitor data, which

g | |

i appears in Table VI. While these are not strictly comparable with November data of

1S

f_ Table V because of some shift in instrument location, the change in the overall
picture is quite pronounced.

. Two of the USPHS filters were re-located for this run. #2 was taken from

Building 115 and placed near the Scarboro School, 6 miles ENE of the plant, # 3
was taken from 703-C and placed 2.5 miles W of the plant. As with the filtrons,
; the only high figure was obtained at 706-D E. platform. It is significant that #2

filter, 6 miles to the B (1 week collection) showed a higher active particle density

than most of the filtér type collectors on the plant area (except 706~A and D) for

the same period, #3 showed almost no contamination. This is not surprising since

the wind was westerly throughout most of the final steps of the runm.

The 706~D stack was monitored on the lhth and 15th of January which com~
prised the end of the run from the volume reduction in B~6 through the end of the
waste cycle. A 17 rubber hose was inserted 5' into the stack outlet, and air drawn
through it and through a mobile constant air monitor sampling 5 cfm. Filters were

changed on this apparatus every two hours from 1030 on 1/14 to 2230 on 1/15. These

S
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Table VI

Outside Constant Air Monitor Data - January Rala Run

Increase in Counting Rate

(¢/min) Weather Data
105  706-A Tank Farm  Wind Wird  Temp.
g Date Time 200t N 250! SE 700! SW Direction Velocity Inver.
i 1/10 0001 - 1200 870 210 230 E 2.3 .5 hrs.
5 1201 - 2400 1520 990 810 S&W 1.8 6 hrs.
1/11 0001 - 1200 700 450 990 W&E 2.2 8 hrs.
1201 - 2400 720 660 690 SW & W 6.0 2 hrs.
1/12 0001 - 1200 70 360 400 W& NW 9.2
1201 - 2400 50 440 30 W 10.2
1/13 0001 - 1200 30 0 LO W 440
1201 - 2400 1,0 70 50 Su 849
1/1, 0001 - 1200 290 170 100 W& SW 543
1201 - 2100 210 260 60 W Le2
2101 - 2400 170 160 90 E <l 2 hrs.
1/15 0001 - 1100 8,0 460 L0 E 343 6 hrs.
1101 - 1500 0 . 0 0 Sw 6.8
1501 - 2000 310 200 240 s 7.4 3 hrs.
2001 - 2400 380 290 610 S 10.5 1 hr.
1/16 0001 - 0300 20 0 ) SW 9.8
0301 - 1000 590 300 230 W 6.0
1601 - 1200 0 0 0 SSW 6.5

N.B. There was but a trace of rain during the run.

—
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were radioautographed, and a particle count taken. The results appear in Table |

VII. It appears that the particle count does not follow total activity. It
also appears that the particle count does not follow total activity. It also
appears that the transfer operations are most productive of particulate contami-
nation, although both the volume reduction and evaporation are also heavy con-

tributors.

In considering all the data pertaining to the Jamary run, two things
stand out. First,'the activity is all concentrated in a very small area around
706-D, and second, the collections by both the filtron and the USPHS filter are
higher than that of the stack sampler. Both of these phenomena point to the
building, rather than the stack, as the chief source of active particles. Parti-
cles from a 50" stack would show a greater (at least not much less) concentration
at some distance rather than near the base, and, at any rate, Woﬁld not tend to
concentrate the effluent at one spot. The November run exhibited these latter

characteristics.

A comparison of data obtainéd with the Airway "Sanitizor" with other
methods of collecting, indicates that the Airway is not a particularly good quanti-
tative air sampling instrument. The series wound motor driving the impeller type
fan system is sensitive to line voltage fluctuations and filter resistance. Measure-
ments disclosed that a clean unit with new filters had an air capacity of ~ 70

ft3/min. After several days operation, plugging of thg filters from ordinary air
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Table VII
% D - Stack Monitor - January Rala Run
¢ C/m Rise Particles
| Date Time Per Period Per M ft3 Comments
-
% 1/14 1030 - 1230 7000 L43.5 Volume reduction B-6
%: 1231 - 1430 6500 15.0 Volume reduction
4 1431 - 1630 Missing Transfer operation
1631 - 1830 5000 194, * Transfer operation
1831 - 2030 > 10000 500, * Transfer operation
2031 - 2231 - 10000 282, Transfer operation
2231 - 0031 2500 8.4 Evap. - B-19
y 1/15 0031 - 0230 1500 50.4 Evap. - B-19
0231 - 0430 > 10000 33.4 Bvap. - B-19
0431 - 0630 > 10000 45.0 Waste Met. and Neut.
0631 - 0830 - - 16.7 Waste Met. and Neut.
0831 - 1030 -- 10.1 Waste Met. and Neute.
1031 - 1230 -- 10.1 Waste cycle
1231 - 1430 - 2542 Waste cycle
1431 - 1630 - 3eb Waste cycle
1631 - 1830 - - 63.6 Waste cycle
1831 - 2030 1000 99.0 Waste cycle
2031 - 2230 - - 23.5 Waste cycle
Average 87.7

% Diffuse activity also
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contaminants, had increased the resistance to thg extent that capacity was de-
creased in some instances to as low as 38 ft3/hin. Measurements made over a
period of several months indicate that an average air capacity of ~~ 56 ft3/hin
is a more representative value (under varied atmosphéric conditions) than the

figure quoted in previous reports; viz. 28 ftB/min. The filter bags used in the

Airway had sufficienﬁly high absorption characteristics so as to make the detect-
ion of particles of low activity difficult, using radioautographic techniques,
This loss of sensitivity,could have been decreased by slitting the bags open and
exposing the film directly to the inside surfaces of the bags. This, however,
would have introduced the problem of f£ilm and develoﬁer contamination which could

not have been handled wiﬁh facilities and personnel available.

Although data obtained with these. instruments are not directly comparable

with those obtained with other filters, they do give a measure of occurrence of the
larger particulates, and by comparison in point of time give.an indication of the
degree of reduction of at least the larger particles, Table VIII shows the results
of these collections. It appears that, except for the latter part of November;
which included a Ra-la run, averages show a generai decline, even when compared to
times when the pile was not in operation. The high count of station #5 during the
November shut-down was due to the construction operation nearby. #6, inside 105
building, also shows a considerable drop. This follows the clean-up of the build-

ihg, and the change in techniques of loading and unloading materials from the pile.

N
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Table IX is a condgnsed summary of all collections. This table again
illustrates the factors shown by the previous tables, The most evident of which
are that; 1) the pile.filter is quite effective in preventing fresh particles
from issuing from the pile, 2) that the grassing and paving of the area have
cut down the re-location of active particles, and 3) that the chemical separa-

tions are the main remaining source of particulate contamination.
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