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) UNITED STATES '
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

0CT 251968

ichard E. Cunningham/Cecil R. Buchanan

RE PROPOSED RADIOISOTOPE PROCESSING FACILITY - UNITED STATES RADIUM
CORPORATION

Enclosed are two copies of a preliminary safety analysis of a radio-
isotope processing facility currently being considered by U. S.
Radium Corporation as a possible alternate to the one they have
previously discussed with us. Location of the alternate would be on
the site of the existing Bloomsburg facility, and would be considered
to be a stop-gap facility pending expansion of the business to a
level sufficient to support the more extensive facility previously
proposed.

Mr, Orville Olson, a recently acquired employee of U. S. Radium dis~
cussed the proposed facility and his analysis of the health physics
aspects, with particular respect to the question of radiocactive
effluents, He indicated that they would expect little or no aqueous
effluents, and the gaseous effluents would contain only tritium, as
U. S. Radium plans to discontinue its activities with other isotopes
by the end of the year.

Messrs., Sorenson and Olson were told that the safety evaluation needed
to be augmented by a consideration of the possible offsite exposures

to people resulting from the expected levels of gaseous activity release,

and would have to show that these were within the limits implied in
paragraph 20.106(e) of Part 20. This question arises in connection
with the Bloomsburg facility because of the close proximity of two
private residences to the plant boundary. Messrs. Sorenson and Olson
were also informed that they should submit the same sort of information
regarding this facility as they would have submitted for the previously
proposed New Jersey facility.

+ A. McBride, Director
ivision of Materials Licensing

Enclosure:
SAFETY ANALYSIS REPORT (2)

cc: L. D. Low, w/o encl.
L. R. Rogers, w/o encl.
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INTRO:DUCTION -

Thls Safety Analysis Report describes a facility planned fbr
;-manufacturing tritiated metal foils and tritium actlvated self-luminousi
~ light tubes. The facility is to be located on the United States Radium

Corporation pnoperty at 4150 014 BerW1ck Road Bloomsburg, Pennsylvania.

The facility w1ll be designed to meet performance specifications‘f‘iif_'

»"which will assure safe operation for employees and occupants in
l”isurrounding unrestrlcted areas. Specifically,: the performance .
. specifications are selected to assure operation Within all applicable

vlimits established for radioisotope licensing by state and federal

-agencies.:_--“-7
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 romross or morrrr

aPrimary purpose

f;» The primary purpose of this facility is to prOV1de improved |
' housing for new equipment to be used for manufacturlng trltlated metal'

-foils and tritlum activated light tubes.

’-Secondary purpose'

It 1s planned to move all*radioisotope process;ng existing at the;'

‘~f5~Bloomsburg 1ocation into thls,facility in order to provide 1mproved

. }gfhousing for a11 radiolsotope operati&ns
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'-_‘GENERAL',;_DESCRJ:_PTION oF_ﬂFAcILITr

Radi01sotope processing will be housed in a new, one-story building'

set on a concrete slab. The rad101sotope processing area will be
approximately 5000 square feet. If a non-radi01sotope area, €.g. an

- of fice area, is attached to the bullding, the ventilation systems for
the radioactlve and non-radioactive areas will be separate and isolated

ﬁ';by pressure differentlals across airlocks°

The radioisotope area ventilation system W111 exhaust by Way of a

"filter bank and exhaust stack.. The stack will be 1ooated in the center

ﬁfof a restricted area 1arge enough to prOV1de for a tolerable annual

ﬁ?f?release of 1000 curies of tritium. : This compares t° a total predicted'

fifrelease of h25 curies from all tritium ‘sources in- 1968.7
Liquid effluent from potentially contaminated sources will be
processed through the ex1sting liquid effluent disposal facility.
ThlS facility prOV1des the capabillty for removal of,rad101sotopes by
' evaporation and jon exchangeo ~ Quantitative dilution is also provided

for disposal of tritium.-..

Soiid'radioactive'waste will be disposed of by contract with a

licensed firm for burial in an AEC approved burial ground,




5 the building, the ven+ilat10n system would be separate and isolated

”*M@f.maintained between “the rad101sotope area and outdoors. Outside

L Other openings to the outside uill be opened only after approval by the

DESCRIPTION OF BUILDING

o Buildinp ventilation'

If an offlce area, or other non-radioactive avea, should be addéed to

from the radioisotope processing area by air locks. A pressure
differential of 0.05 inch water gauge w1ll be maintained to assure.

a»positive air flow into the rad101sotope area.

A pressure differential of O.l incheS‘water gauge will be

l;fentrances will be protected by air locks if they are to be used routinely.

I

«jfacility manager who will assure that operations in process will not 35 v‘-ﬁ

create a radiation hazard due to 1oss of building air balance.

Within ‘the radioisotope area, the ventilation system will be
designed to prov1de six (6) air changes per hour. The air balance
within the area will be de81gned to maintain p051t1ve flow from hall-

ways into indiv1dual rooms and ‘out through the exhaust system.

Ventilation air from the. radioisotopes area will not be

recirculated.

Intake air will be passed through dust-stop type filters to

reduce the ventilation air dust load,

A system of dampers'willlbe'provided in the ventilation ducts such
that a desirable building air balance can be maintained by routine

survey and adjustment,




}'f}fBuilding«ventilation exhaustv

'”j{f}work station equipment and work procedures designed to minimize the e

' The building exhaust system will be des1gned on the principle p;i
t:of stopping effluents at the source. Prxmary filtration at each |
g work station will be designed to capture filterable effluent.

Dust~stop type filters will be located in the exhaust plenum
just ahead of the main blower(s) Whlch will power the building

;exhaust.system.'

'IuBuilding surface contamination control

Control of surface contamination will be accomplished by providing

-?-f:generation of surface contamination." i

-f' Protective clothing will be utilized to restrictwthe movement of‘h

Eradioisotope surface contamlnation. _

'Entrance to and. eXit’from the'radioisotope area uill be through
' change rooms Where protective clothing change procedures will be -

,followed to prevent movement of surface contamination out of the area.

Rooms in the radioisotope area that have a high probability of
'~surface contamination will be painued with epoxy type paint which.

facilitates decontamination.




i”»:ngontrol of contaminated liquid effluent

'-;?Control of direot radiation hazards

Contaminated aqueous 1iquid 1ines will drain to the ex1st1ng

frliquid waste diSposal proce581ng facility for appropriate monitoring

’x*,'and processing.

Contamlnated organic 11quids will be absorbed on an absorbent

'.then packaged and disposed of as solid waste.
: . 5 \ .
All potentially contaminated 1iquids will be analyzed for radio-

'q:isotopes prior to release to"b'the env1ronment to assure that all

.ekliquid effluent releases conf rm$ applicable regulations..'

Brehmss rahlung radiation frpm%tritiatedifoils willwbe the only

'ﬁf'significant source of directiradiation in this facility. Aopropriatek':: |

" hendling procedures and, where required, radlatlon Shieldlng will be

fprovided.

The radiation hazard from brehmsstrahlung is’ not a magor problem.
S In AERE-M1169, it is shown that brehmsstrahlung from a tritiated
'titanium foil is 1. 8 mrad/hr/Ci at 10 cm. These targets have a
4'nominal h curies of. tritium with a ranoe of 2 to 10 curies for

special orders.




7:;5ifpheric dlspersion calculat10ns.~

'.'.v','a'l_.'.E.\'fALUATl(Y)N oF_f RADI&TIQNTHAZARD T0 ENVIRONMENT

- Airborne radioactive effluents -'routlne | o

| In this evaluation, the annual tolerable tritium release from a
stack 1ocated at the center of tWO different sized circular restrlcted
_areas Was calculated by three well—known atmospheric dlspersion
equations. Figure l shows how these restrlcted areas might be 1ocated

| "-“'°n the_ Bl%msbure Property. - ‘I'able I givee the results of the atmos-, o

:Restricted area .iAﬁtheftef'ff”e.A Tolerable
& pfradius fte . - ' equation:used = Ci/year ‘-
'f_;'-:_:-1*'1260'-{_';:{‘ 7 tumer . 109
260 . sutbon 3137 |
260 _Bosanquet & 891 - z
L e . Pearson - _
320 '~ Turner . 1585 : . .
o320 - sutton  h39h | o
pe et ‘Pearson

Values obtainedlby the Turner;and Bosanquet-Pearson methods are
considered‘to be more accurate than the values obtained froﬁ Sutton's
equation. An explanation.of'the differences involves an enalysis.of
atmospherlc dispersion parameters used in each equatlon. Such an -

analysis is beyond the scope of this report, Cbu// JQJQD_¢/./m¢pu£9




'77iiDescription of maximum credlble a001dent

M‘Axmmé CREDIBLE ACCIDENT -

] Definltlon of maximum credlble accldent

For thls report Max1mum Credible Accident is deflned as the event

which could release the greatest amount of trltium to unrestricted

areas in 2l consecutive hours. For purposes of thls report "pets of
d“ are ‘not 1ncluded in the evaluations to determine the max1mum

- credible accldent. Fire origlnating w1th1n the bulldlng is 1nc1uded

f}in the determinatlon of maximum credible accident. l

The maximum credlble accident in thls facllity would be the releaseff
.“ of the total working volume of, tritium from the tritlum handllng

‘m-equipment. Such an sccident could release hOOO curles of tritium Whlch

would be carried by the ventilation exhaust system out-through the
“exhaust stack. |

The foil tritiatino equipment and the luminous tube filling
equlpment each have a trltlum working volume of hOOO curies. Under
_ separate headings, a discussion of accident probabillty for each

‘unit i° presented.

The radiation hazard which could be generated is indicated by the

calculated values in Table II.




TABLE IT |
- Maximum Tritium Concentrations at Points of-
) Interest Following a Release of 4000 Ci/?h Hours

vatomospheric -Wind speed Point of Interest | pCi/cc 2li~hr Feet downwind
stability - MPH average - from stadck

ﬁery'steble' _ 2 ‘plume centerline 1 x 1073 260
. very stable ' 2 plume centerline 7.8 x 10‘# . 320

S C s, level e e S
 average 2 i',maximum ground 1.7 x 107F 476
e et e e [ ALevel ’ IR ‘

Avery sﬁeple - 2 ':,'maXImum ground 3.2 x lO'6 .8690-

The values in Table II are nominal values._ It is extremely
i unlikely that the exact atmospheric conditions chosen here WOuld occur
'n’81multaneously with the other fac&ors required to produce the maxxmum.:

,'credible accident. | _‘ f_'}”?",“»"

As cen_be seen from the_table,“average:weathef:conditions with a low

wind speed create the highest groundplevel rediationihazard. In the S

‘Bloomsourg aree, such'condifions are extfemely unlikely. The average

.wind speed'fof all'months is well above 2 miles per hour. A feview of'v
'ieEocal Climatological Data published by nnvironment Science Services o

Administration for 1967 at- the Williamsport Pennsylvania airport shows'n

“a -mean annual wind speed of 8, 1 miles an hour. July, August and

September had the low mean hourly speed by the month. It was 6.8 miles

per hour In each month. Meteorological conditions at Bloomsburg ere o -

very similar to those at Williamsport because the general topography

is similar and the river valleys run in the same general direction.




The prevalling wind direction at Williamsport in 1967 was west
R jMfor all months except February and September when it became West

"northwest.
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‘f}jdf?RATIQN OF TUBE FILLING EQUIPMENT

,Description of equipment '

This system consists ba51ca11y of an ultra high vacuum system to
‘ rémove the air from thevtubes tq be filleds A tritium supply section
1w1th-a ufanium tritide container as the source of tritium for filling
“the tubes and a high sensitiv1ty bellows type pressure ‘gauge. A “pull-

”‘back“ section Whlch utilizes & uranium contairer to remove the tritium

L'from the system and from the unused portion of the tubes that have been

iiii,fillede There are: cross-OVer 1ines connecting the pull—back section

'Q?Wand the fill section." The tritium 1S reclaxmed by heating the uranium

f*'pull-back container and absorbing the released tritium on the uranium

tritide supply container. -.A.“. A'f ke : -;";;T

E . The system is a semi-éutomatic Sorption and.Ion pumped system'that
chsists ofvthree ﬁodules-designed to operate under a single exhaust
hood. A central tritium supply section and pull-béck section are used

vfor all three modules, . Each.modﬁle fills and seals a group of fority

- ﬁubes.oh' a manifold per cycle. Each module is expected to cyele three

' timéS~per shift for a'total-of three hundred and Sixty filled tubess -

- The sorption pump absorbs and holds all pumped—gases with the
exception of helium while it is at liquid nitrogen temperature. Thse

gases, as they are removed dufing the reactivation of the sorption pump,




» ",lexhaust hood.v The ion pump collects and permanently holds all pumped

'i3are scrubbed to remove any | tritium present, before release to the .

igases; -

| A single operator's attendance is required at each.module during

2 'loading, start cf the automatic pumplng sequence, the duration of the

'flll cycle, the start of the seallng operaticns, and the start of the

pull—back and pump sequence. The system 1s des1gned so that 1n the

Aevent of a leak during the trltium fill cycle or the sealing operation hl(
. on any module, all valves are. automatically closed except the valve to ‘

'?;‘the pull-back sections which opens and retracts the tritium into theligw )
"uranium container. This emergency pull-back procedure'may be manuallyai?'l

activated by the operator at any'time that 1t is necessary. The 1

system is d951gned so that all'valves may be manually operated or by- -

) passed when necessary.

The sealing of the glass tubes is accomplished by focused infrared
rgdiation., The tubes are annealed by the unfocused radiation that is

emitted by the lamps.

A tritium air monitor installed in the hood exhaust system alerts
the operator to any release of tritium, also at a pre—set level initiates_
the emergency pull-back sequence as prev10usly described, The system
1s designed to be fail safe, In event of a power failure or a
compressed air failure, all the,autcmatic valves will close; Manual .
bypass valves may then be opened to return the tritium to the uranium

container, if necessary,




‘33;;This system has been de31gned to encompass high quality
"ﬂﬂ,materlals of construction, most modern techniques of assembly, and

dsafe and easy operatlon and main.tenanceo




DISCUQSION OF POTENTIAL RADIATION HAZARD :
FROM OPERATION OF LUMINOUS TUBE FILLING EQDIPMENT’

Accldental release of trltium from new flll system

There are four possible points of accidental release of tritium from
‘the new flll system. These are 1isted in the order of probability of
occurrence, the flrst belng the most frequent. 7 A S A ,

1) A 1eak at the glass to metal seal._ Our experiehce in 3 years

e§loperating the existing system shows that - this would never

A“?exceed 10 mCi per hourrand that the duration at this level

: would'never be longeruthan 5 minutes°

Camplete rupture of aftube while on the manifoldo ThereVWillk
"1f?¥be.fn estimated hOO Qi of tritium in this section at less than

o 'atmospheric pressure. The operating schedule of this system
:;is such.that the operator must be present while the tritium.

'iis in thls section.’ It cannot be v1suallzed how it would be
p0531b1e to lose in excess of 50 Cl w1th the emergency
procedure that will be set UpPe

3)-'_Leeks;in thﬁ gas handling section of»theYSYStem.'vThe release

' ”'freﬁeVWoﬁld_never exceediﬁfmcijperbhour with a maximum
duration of>10 minutess ‘

Iy Operator error, This is very unlikely to occur, due to the

| _system fail safe automation. If an oﬁerator or ehe
automation of the system falled, the tritium would either be
contained ih the ion pump or trapped in the sorption pump.‘
fA special‘emergency procedure will be set up to strip this

- absorbed tritium fromhthe:sorptionvpump, if this should occur,
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1V7QDESCRIPTICN'oF?FoiL_TRITiATING PROCESS

‘;_Description of equipment o

Existing equipment is described here because des1gn for new
equipment has not been established yet. ‘
F'Metal ﬁoils are tritiated in a quartz pot with an absolute pressure

-~_ginptjgreater’than tﬁo-thirds atmospheric'pressure.

;Tritium gas is stored on uranium in steel pots. It is moved by a":'

,fdiffusion pump/hechanlcal pump system Which is tsed to evacuate the

}system._;f‘“

g Tritium in exhaust from the system is passed through an 011
S demister, a molecular sieve to. rsmove tritiated water, a copper oxide
H_furnace to oxidize gaseous tritium, and through a second molecular sieve

to assure.capture of all tritium°

The complete system is enclosed in a glovebox.which is exhausted

through a tritium removal train to thevexhaust stacke

‘Discussion of'bOtential radiation Hazard from operation
of foil tritiating equipment -

The most pfobable accidental release of tritium from this equipment
would be the loss of 100 to 150 curies during an initial step in the
process when a small amount of tritium is moved from the storage pots
to the quartz Impregnation pot to test tbe systems The resulting |

concentration in the enviromment would be .0 times the values in

R e e B L A e AL T L T N RS 1
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‘Table II if all scrubbing of effluent tritium at the glovebox failed.
In a nev design, the capacity of the glovebox effluent scrubbing system
would be redesigned to a capacity to capture tritium leaks at the glove-

box outlet port,.

As was explained under Description gg'Equipmént, tritium which is

flushed from the equipment as an inevitable consequence of processing

is ceptured by a ﬁolecular~sieve-copper oxide system.

New equipment would be designed to provide "tritium capture"
capacity to reduce the release hazard as much as reasonable cost will

allow,

he J
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DESCRIPTION OF EQUIPMEMT FOR SPECTAL LUMINMOUS TUBES

Description of equipment

The details of this equipment have not been developgd. It will
be a sma2ll gas filling unit designed for developmenf work and short

production runs of special items, -

Performance specifications will require that the maximum credible
“accidental release not cavse unrestricted area concentrations in
excess‘of 500 X unrestricted area limit and that the most probable
operating accident releése not causé concentfations in excess of

unrestricted area limits. ‘
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-

CONTINUOUS EFFLUENT STACK MOWITORING

.‘ Description of equipment |

| The effluent stack wiil be monitored by a train of monitors that -
includesAa particulate filter, an ionization éhamber, and a water
impingerf The particulate filter Will be counted daily in =
proportional counter; the water impinger sample will be counted daily -
in a liquid scintillation coﬁnter; the ionization chamber output will

be recorded continuou31y on a chart recofder.

The ionization chamber w111 be a 1h 8 11ter Applled Health Physics
unit feeding the signal to a Cary hOl v1brat1ng reed electrometer

which activates a recording pen on a Honeywell chart recorder.

PR

Discussion of effluent sﬁagk moniﬁofing

The effluent stack will %e monitored continuously - 2l hours & day.
As curfently pianned, the monitoring equipment will have a nominal
sensitivity 6f 1l x 1O'f6 pCi/cc for tritium in air., It wili be sampling
a stack flow at a location in the stack to produce a representative

~ sample of stack effluent.

An instantaneous alarm system adjustable to predetermined levels

will be attached to the monitoring system.
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-

. Experience has shown that the ratio of tritium activity as
particulaté, water soluble, and gas is fairly constante It is possible,
therefore, to integrate tritium effluent recorded by the ionization

" chamber and calculate the total tritium effluent from all three typese.

-8

—
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- ROOM AIR MONITORING

Discussion of room air monitoring

During the first few months of operation in this facility, it is
planned to do continuous air monitoring for tritium in each room of the
radioisotope area by utilizing several Johnston Triton units to provide

a record of tritium levels and to provide alarm capability.

Water impinger samplers‘will also be utilized extensively for
several months to:provide data which can be‘bompared with the Triton -

sampler data.

From the data collected durihg the first several months of
operation, a determination_wili'bg made'as to the need and design of
a permanent air monitéring sysfem'which would operate from a "house

vacuum" system,

o
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FIREZ CONTROL IN RADIOISOTOPE ARZA

- Description of equipment . ;

An automatic sprinkler system and construetion of the building
will, of course, be designed to meet applicable local fire contrOl

codes. 1In this facility, however, the effect of automatic sprinkler

e gyt s e

spray must be carefully analyzed. First, it may not be desirable %o

sprinkle equipment such as the tube filling system because unplanned

-

S BN

;closed circults might set up an undesirable valving sequence. Sone
automatic shutdown of the trltium processing. equipment W1ll have to

be coupled with the sprlnkler system.

-
¢

Another factof to be evalpated,is the'effect ef autemetic

sprinkling on stack ef Pluent temperéﬁure. ir the'Stack exit temperature
is lowsred, the dispersion.of effluent, dilution factor, is reduced

significantlye.

Selection of materials and precedural controls will be ubilized
to pfejent the accgmulatien of flammable materials in the radioisotope

arese
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PERSONNEL MONITORING PROGRAM

Airborne contamination exposure monitoring

During initial operating pefiods, breathing zone samples will be.
obtained for the personnél‘ihvolved. Once the operation of a piece of
equipment is stabilized, it is planned to use stationary samplers
located in each room. - Currently, it is planned to draw air from each

'work station in a room to é central room sampler to obtain a daily

_integrated sample for the rpbm. ~ This program would be coordinated

with the program discussed under Room Air Monitoring,

“The sémpiing for‘personnei qpnitorihg would initially be performed
by use of Johnstgn Triton unit§‘;nd.persona1'water impinger units.
If the initial data justify the need, é.sysﬁen of'kénnerchambers or
.permanently installéabJohnstdn'Tritons will be provided as part of

a permanent systeﬁ.

VBioassay-ﬁrogram

'Ini?ially, daily urine samples from each work in ths radioisotope

_area will,be analyzed for tritiume. Data from the daily urine sample

program will be analyzed to define a permanent routine tritium
ufinalysis progrem. . In any case, all radioisotope area workers will

be requested to submit a minimum of one urine sample each work week for

tritium analysis,
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ToNGITUDE  1a- 3ov ¥ METEOROLOGICAL DATA FOR THE CURRENT YEAR . FILLIMSIORL pITLIMIY, ;

ELEVATION {(ground) 524 Feet 1967 N
- Relative - & y ’ :
Temperature Precipitation humidity /” Wind Numberof days 3
. . 2 |5 T . B
. - emperatures I
Averages Extremes Snow. Sleet Resultant | o Fastest mile '§ § 3 Sunrise to sunset 4 2 " - !
Month ” ] 4] ] Maximum | Minimum
g 7 [ = 1| 7] 1| 7 & §~ kA § A 3 El 8 g
£ £ B o % 0 ol 2
5 Bl > | & o % % AM | Am]pu | oM g " ] Saje 2 3 9|3 £l e
i » g 1) 9 =3 i< 8o o 5| > |2 59 = o - o
~E|~E| £ 128} |81, ¢ ~ | 3¢ o o | S Standard % 13l % SECA| w |2%| TI|2E(5E B B |5 L5 58 2Tk
= 5|5 E 5 o ¥ z 2 o 2 @ b 2 4| 2 time used: $ g g g %gﬂgg 2 |E 23| e |8Zled] 2 3,3«2,202
SE|8E| =!8 8148 4 & {6&| A e |61 A EASTERN Elal 2| &| 3| AE3=z2 C|E3 08853 &) 218%848 82
JAN 3846 | 2401 | 31lea 69 | 25 6|19 1035 1.35% 0,83 (27-28 3.0 1.3 31 88 | a5 | 71| 17| 28 | 2.2 | 8.0 29 1 |27 To7 2 8 21 10 1 1 2 Q 9 26 0
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