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I!Tf RDD'JCIIO':

This Sefety Analysis Report dercribe: a facility planned fcr

manufacturing tritiated metal foils and tritium activated self-1wr. incus

light tubet. T he facility is to be located on the United Stater Radium.

Corporation property at 4150 Old Berwick Road, Blocusburg, Pennsylvan?.a.

The f acility will be designed to nect performance specifications

which will arrure saf e operation for empicyces and occupants in

surroundir.c unrectricted areas. Specifically, the performance

specificctions are celcetcd to ascure opcration within all applicable

limits establish ed for radioisotone licenting by state and federal

agencies.
..

a

*
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! PUP.POS2 0? FA0IL1'IY

| friv.ary pcrpose
j The primary purpose of th'.s facility is to provide inproved
a

| housing for ne.: aquipment to be used for mar.ufacturin- tritiated metal
|; foils and tritium activated licht tubes.

:
,

;

Secondary purnose \
:

| It is planned to move all radioisotope processing existing at the I
\

Blocasburg location into this facility in order to provide improved
,

ihous'.nc for all radfoisotope operatione.
;

e
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Radioisotopt p roe c t rin; will be hout ed in a new, one-t t ery buildir.c

set on a concretc clab. Tba radioirotope procesting area will be

approxinately 5000 square feet. If a non-radioirotope crea, e . g. an

office arco, is attached to the building, the ventilation syrtens for
the radioactive and non-radioactive areas will be separate av.d isolated

by pressure differentials a: rots airlockt.

The radioisotepe arca vcntilation system will exhaust by way of a

filter bank and exhsutt etack. The stack will be located in the c ent er

of a restricted area lar, e enough to provide for a tolerable annual;

?

release of 1000 curies of tritium. This ccmpares to a total predicted

release cf 425 curies "ron all tritiun cources in lo60.

Liquid ef fluent fror p:ter.tially contaminated sourcer will be

process ed through the existir.3 liquid efflu ent dispos e1 f acility.

This f acility provides the capability for renoval of radioitotepes by

evaporation and ion exchar.gc. quantitativ e dilution is also provided

for disp; sal of tritium.

Solid radioactive waste will be disposed of by contract with a

licensed firm for burial in an AEC approved burial ground,

.. - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I buildin- vent!1ation

If an of fice area, or other non-radioactive area, should be added to'

i the building, the ventilation ayster, would be separate and isolated
from the radioisotope proces sinc area by air locks. A pressure )

,
4

differential of 0.05 inch water gauge will be maintained to assure'

| positive air flew into the radioirotope area.,

1

A pressure differential of 0.1 inches water gauce will bo
i

! maintained between the radioisutope area and outdoors. Outside

entrances will be protected by air locks if they are to be used reutinclJ.
?

.

Other openings to the outside } ill be opened only after approval by the
,

facility annacc r who will assure that operations in process till not;

create a rediation hazard due to loss of building air balance.

j tithin the radioisotope area, the ventilatio.n sys t em will be

designed to provide six (6) air chenges per hour. The air balance

within the area will be designed to maintain por.itive flow from hall-

ways into individual rooms and out through the exhaust sy st em.

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 will be provided in the ventilation ducts suchj

that a desirable building air balance can be maintained by routine

survey and adjustmer.t.

. . . _ _ _ _ . _ . _ _ . _ _ _ . _ . __ _
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Bo!)dir- vent!!ntion exMurt

The building eyhaust tystcm will be dericr.<:S on the principle

of s top,rinc ef flu ents at the tource. Prinary filtration at each

v:erk station will be designed to capture filterable ef fluent.

Dutt-stop type filters will be locat ed in the exhaurt plenum

just ahead of the nain blower (s) which will power the building

exhaust cycten.

Buildin~ rurface contanination control

Control of surf ace contaninntien i;ill b e ac cenplirbed by providing

werk rtation couipnent and work procedurce designed to minimice the

generation of surface contaminatien.
?.

Protective clothing will to utilitcd to rcrtrict the movenent of

radiois ot op e surf ac e contaninntier..

Entrar.cc to and exit from th? radio! r: tope arca will be throuch

change roonc there protective clothing change probedures will be

followed to prevent novement of curface conte:ination out of the area.

Roo$cintheradioisotopeareathtt have a high probability of

surface contacination will be painted ciith epoxy type paint which
facilitater decontamination.
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Cr nt rc1 o f c: u te.i m t + d 11091 o effluent

Contamina ed aquecut liquid liner will dr<2in to the exirting

liquid wacte disposal procercin; facility for appropriate renitoring

and procesting.

Contaninated organic liquids will be abscrbed on an atterbent,
,

then packaged and dispored of as solid t!aste.

All pctentially contaminated liquids t.111 be analyzed for radio-

isotopes prior to release to the environ?.ent to accure that all

liquid effluent relenter ecnfor= to appl $ cabic regalatiens.
<

Control of direct radiation b.atsrds
Brehms ttrahlun; radiation frre tritiated foils v.111 be the only

si gnificant t ourc e of direct radiation in this facility. Appropriate
6

handling prec ed;rer and, where required, rr.diation shielding will be

provided.

The radicticn hacard frem trehmr ttrahlung is'nct a major problen.

In AZRE-?:11c9, it is shown that trehmsttrahlung from a tritiated

titanium Toll is 1.6 nrad/hr/Ci at 10 er. There targets have a

nominal 1; curies of tritium with a rnnge of 2 to 10 curies fer

special orderc.

,

t

' ' "
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Ai rber .e rt di r ne t iv e c f'luent s - rout ira
In thic evaluaticn, the arc.uc1 tolernble triti um rel ear c from a

stack iccated at the cer.ter of two different tired efreuler restricted
arcar wa: calculated by three viell-known atmospheric dispers.icn

e qu a ti er.s . Figare 1 thevis how there restricted ereat might be located

cn the Blocetturc property. Table I give; the recults cf the atmet-

pherie dieperr.1:n ealculatfort.

TABLE I

Ccic'cle t ed T ole rt':l t I.nnual Relcare of priticr
,
*

.

Restricted aren Author'of Tolerabic
radiu: ft. c3uatien used Ci/yeer

260 Turr.cr 109h

260 Sutten 3137

260 Bocanquet & 891
Pettscn

320 Turner 1585

. 320 Sutton 4394

320 Botanquet & 1310
Pearson

Valuer obtained by the Turner and Eccanquet-Pearson methods are

considered to be more accurate than the values obtained from Sutton's

equation. An explanation of the differences involve: an analysis of

atmospheric dispersion parameters used in each equation. Such an

analysis is beyond the scope of this report.

..
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Defiritien of raxir - cr 3 d!M e accidcr:
For thir report ;'nxirr _Creditic !. cider.t ir de fined at the event

v hich could relcar e the grectert recunt of tritic., to unrectricted

areat in 24 enrecutive hour:. For purposet of thir repcrt " Acts of

God" are not included in the evaluations to detem.ine the rarir/=

credibit c. c c i d e r.t . Fire ori;inating viithin the building is included
6

in the deterr.ination of r.a::ir.. .: creditic ac cident.

Dcecription c f .er.1-= c"efitle a: 3 f ent_

The raxinum cr:dible accider.t in thir f acility. 'Itculd b e t't.e r elear e
.
.

.

of the total vierking volt::e e r, trit iv.- frer the triti= handling

equipment. Such ar accident could relear e 4000 curler of trit $ um v hich
vrould be carried :y the ventilaticn exhaurt syrten out thrcuch the

exhaust rtsch.
.

The foil tritiatinE equip.ert and the 1ttinous tube filling

e qu i,r . e r.t each have a tritie v or'.cing vol= e of k000 curies. Under

separe.te headingt, a dircus tien cf accider.t probability fcr each

unit is presented.

The radiatien hazard vihich could he generated is indicated by the

calculated values in Table II.

- _ _ _ _ - _ - _ - _ _ _ _ _ - _ - _ _ _ _ - - _ _ _ - _ _ _ - - _ - _ _ _ ___ _ _ _ _ - _ _ _ _ _ _ _ _ __
__
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yn xi r Tri t i c- Cor e.:r.t rtt !c r r at Feirtt of

Int t rert Folltwir a Erlet t e of ECOO C1/2'- "o :rr.

Atcrer,-heric *||i nd r p e c d Pt ! .t cf Inttrert p01/cc 20-Pr Fert d e e.r '.i n d
stebilit. NP" average frem sincP

v e ry t t at i c 2 pli;e centerlino 1 x 10-3 260

very stable 2 n3cne centerline 7.8 x 10-b 320

very stable 2 .caximun grc.und 3 2 x 10-b 6690
level

average 2 naxinum grcund 1 7 x 10-b h76
lev el

The values in Table II are ncriral valuer. It is ext r cr ely

unlikely that the exact a t r.e r phe ri c conditions choten here rould occur

sinultancourly with the other factert rcquired to produce the maxire.

''
cr:d!ble accident.

As can be seen frcn the ts. tic, average ::cather conditient with a 1c".

wind s:eed create the highert crcund level radiation hs card. In the

Blocacturg area, such conditier.c arc extrer.ely unlikely. The avert.se

v.ind specd fe r all conths is well above 2 niles per hour. A revie.. cf

Local C11 stclogien1 Data putliched by ~:nviror.r.ent Lclenc e Servic es

Administratien fer 1967 at the '!.'1111e .rport, Pennsy1/ania airpert ehcrc

a mean annual wind speed of 6.1 miles an hour. July, August and

Septe ber had the low mean hourly speed by the month. It was 6.8 miles
per hour in each conth. !!eteorolegical conditions at Bloomsburg are

very similar to those at Ylilliamsport because the general topo . sphye

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

|

|

. . _ _ _ _ _ _ _ _ _
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OP;3CICI: OF TG FILLI'. G E 'UIPi TT
.

Description, of eculen ent

Th$ s system conciste basically of an ultra high vacur cystem to

rencve the air from the tuber to be filled. A tritium tupply section
: z

k,I with a uranium tritide container at the source of tritium for filling ""

the tubes and a high sensitivity b ellovis type pressure gauge. A " pull-

back" section v:hich utilizes a uranium container to rencve the tritiu-
from the system and frcm the unused pertion of the tubes that have beer.

'

filled. There are cross-over lines cor.necting the pull-br.ck section

and the fil) s e c ti o n. The tritium is rec 1.s.ined by heating the urani=

pull-back container and absorbing * the relec. red tritiu . en the urtni=
" ''

tritice supply container.

The sys t em is a s emi-automatic Se:ption and Ier. p=p ed sys t em t' rat
.

consists of three ncduler designed to operate under a sir.gle exhaust

hood. A central tritiun supply sectien and pull-back section s.re us ed

for all three modules. Each module fil]s and s eals a grcup of forty

mbee on' a nanifold per cycle. Each module is expected te cycle three

times per chif t for a total of three nundred ar d sixty filled tuber.
,

The sorption pump absorbs and holds all p= ped gases 'elith tre

exception of helium vehile it is at licuid nitrogen tempe rature. The

gases, as they are removed during the reactivation of the sorption pu p,

1
_ _ - _ _ _ _ . - _ _ _ _ _

.
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.

are scrubba: to rcnove any tritium precent, bcfero rcicace tc the ,

exhaust h:cd. The ion purp co11 c et c and permanently holds all pvrp ed

gases. ,

A single operator's attendance is required at each nodule during
,

loading, start of the autcratic pumping sequenc e, the _6uration of the
:

fill cyc1c, the start of the realing operations, and the start of the
pull-back and pu=p sequence. The system is designed so that in the

event of a inah during the tritium fill cycle or the scaling operation

on any module, all valvec are autematically cloc ed e.~. cept the valvo to

the pull-bach s ections which opens and retreets the tritiun into the

uranium centainer. Thic crergency pull-back procedurs may be ~anually

activated by the operator at any *: ire that it is neces sary. The

system is designed ec that all'' valves may be manually operated e a by-

passed when necessary.
.

The s eal'.rg of the glas s tubes is accomplished by focur ed infrared

radiation. The tubes are annealed by the unfocused radiation that it

emitted by the lamps.

.

A tritium air monitor inctalled in the hoot exhauct system alert s

the operater to any release of tritium, also at a pre-set level initiate:

the emergency pull-back sequence as previously described. The system

ir designed to be fail safe. In event of a power failure or a

compressed air failure, all the automatic valve, will clos e. Manual

bypass valves may then be opened te return the tritium to the uranium

container, if necessary.

-. ______ __ ___ _ _ _ _ - _ _ _
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Thi s t; e t c m h's t been detiped to enecr.past high cuality

materials of construction, nott nodern techniquer o f a s ; cntly, a r. d

safe and easy operation nr.d unint enanc e.
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FEO:/ OFF3ATIO:: OF Lt::II 0U S 7 UEE FILLI"O I'UIE~E :T

Acc! dental release of tritiu- f rom ne' 1 fill syste.

There are four possible points of accicental release of tritium frc=

the nei. Till syster. These are listed in the order of probability of

occurrence, the first being the ecst frequent.

1) A leck at the glass to metal seal. Our experience in 3 years

operatin; the existing system shov's that this woul.d never

exceed 10 m:i per hour and that the duration at thir level <

would never be longer than 5 minutes.

2) Complete rupture of a ts. be while on the manifold. There vtill
.

be an estimated h00 C.i of tritiu- in this section at less than
atmospheric pressure. The operating schedule of this system

is such that the operator must be present while the tritiu-
._ _

is in this section. It cannot be visuall:ed how it v:ould t s

possibic to lose in execss of $0 Ci .vith the emergency

prcc edure that will be set up.

3) Leaks in the gas hs.ni .inf section of the system. The release

rate vrould never exceed 5 =0i per hour viith a maxin'.=;

duration of 10 r.inutes.

4) Operater error. This is very unlikely to occur, due to the

system fail safe automation. If an operator or the

automati.3n of the system failed, the tritium would either be

contained * . the ion pump or trapped in the serption pump.

A special emergency procedurs :111 be set up to strip this

absorbed tritium from the sorption pump, if this should occ.u'.

.. . .. . - _ _ _ _ _ - - - - _ - _ - - - - -. _ _ _ _. - - _ - _ - _ - - . -- --_ __ -
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DISORIFTIO:: OF FOIL TftITIATI::0 PROC:ES
,

Dercriotien of ecuirrent

Existinc equipment is described here because design for new

equipment has not been established yet.
. .

14etal foils are tritiated in a quartz pct with an absolute pressurc

not grotter than two-thirds atmospheric pressure.

Tritium cas is stcred on uranium in steel pots. It is coved by a

dif fusion pump / mechanical pump system which is us ed to evccuate the

system.-
.
.

.

Tritiun in exhaust from the system is passed through an oil

denister, a rolecular sieve to remove tritiat ed water, a copper oxide

furnace te c:-:idize caseous t 'itium, and throuch a second tolecular sieve

to assure capture of all tritium.
.

The cenplete systen is encies ed in a gicvebox which is exhausted

through a tritiu: renoval train to the exhaust stack.

Discussion er retential radiatier hatard frer eneratien
of foil tritiatin e c u i _ n c r.t

The most probable accidental release of tritium from this equipnent

would be the less of 100 to 150 curies during an initial step in the

process when a small anount of tritium is moved from the storage pets

to the quartz impregnation pot to test the system. The resulting

concentration in the environment would be .04 times the values in

-
_ _ _ _ - _ _ _ _ _ _ _ _- - _ _ _ _ _ _ __
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Table II if all terubt in.; cf eff1'>cnt t:itiu . at the gicv ebex f ail ed.
'

In a ne; d t. s i c n, the capacity of the cloveben c f fluent s:rubbin: tystem

would be redesigned to a capacity to capture tritiun leaks at the gle n-

box outlet pcrt. ,

As war explained under Descrittion _of, Lo.uit_ ment, tritiu~. which is-

flushed from the equipment as an inevitable corsequence of precessing

is captured by a molecult.r sieve-cop;cr oxide syste .

New equipment would be designed te provide "tritiura capture"

capa cit;. to reduce the release hazard as much as rearonabic ccst will

allow.

?
.

..

e

e

:

i

:

------____m_____m _m___ _,__,__
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Des criotion cf ecuir- E nt
The details of this equipment have net been developed. It viill

be a smc11 gas filling unit designed for develeprent woM: and short

pro daction runs of special items.

Performcnce crecificaticns will require that the taxinue credibic

accidental releas e not cause unrestricted area concentratiens in
excess or 500 x unrestricted area limit cnd that the = cst protatic

operating accident releas e net cause ccncentratient in excess of

unrestri ct ed area li-its. .
.

.

.

4

.

-- - -'- ' ' ' -
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Des crirtion of ecu$ rr.er.t
stack will be monitored by a train cf :ronitcrs thatThe effluent

includes a particulatt fi lt e r , an ionization char.ber, and a v:ater

irr.pinge r. The particulate filter v 111 be counted daily in a

proportional counter; the vinter inpinger sanple will be ccunted daily
in a liquid scintillation counter; the ionization che-.ber output c:ill
be reccrded continuously on a chart record r.

The icniention cherber v 111 be a 14 8 liter Applied Health Phytics

unit feeding the signal to a Cary !;.01 vibrating reed elecercneter
.
.

which activatec a recording pm on a Hone rtell chart reccrder..

Dis cus rion of ef fluent ste ck r cnitoring ,

The ef fluent stack :111 be nenitored continuously - 2k hour.=a day.

As currently planned, the nenitering ecuipnent veill have a ner.inal

sensitivity of 1 x 10-b pC1/c0 for tritium in air. It viill be se: pling

a stack flov at a locatien in the stach to produce a repres entative
,

sanple of stack ef fluent.

An instanta:.eous alarn systen adjust'1ble to predeternined levels

v:111 be attached to the cenitcring s stua.;

- - - -- - _ _ - - - ____ - ____
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.

Experienee hat shm:n that the rat $ o of tritiu". aclivit; at

parti cult.t e, v at er s olubl e, anc car is fairly cenetant. It it persibic,

therefcre, to integrate tritiur eff2ucnt recorded by the ionizatien
7

chamber and cciculat e the tet al tritimr. effluent f ror. all three types.,

.
*

I '

s

b

. . . , -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ . _
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Discur r$ cn of rcom air tenite ring

During the first fer; r.cnths of operation in this facility, it is
planned to do continuous air monitcring for tritium in each room of the
radioisotope area by utilizing s*,veral Johnston Triton units to provide
a record of tritium levels and to provide alarm capatility.

Water impinger samplers viill also be utilized ey.tensivel'y for-

;

several cenths to provide data which can be eccpared viith the Triten
.

som,ler data.t
3

From the data collected durihg the first several conths of
,

operation, a actermination .111' be made as to the pcod and design of

a perranent air con $ t orins syst c~. "thieb 1:ould operate from a " house4

vacuun" sys L cm ,
1

.

!

#

.

d

D

#

A

E 1

2. I

i

1

k
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Descrintier of e uirr.cnt
An autor tic cprinkler system and construction of the building

will, of course, be desiped to rect applicable local fire control

codes. In this f a cility, ho".~ ev er, the effect of automatic sprinkler

sprey must be en:'efully analyzed. First, it coy not be desirebic to
'

sprinkle eply:ent such at the tube filling syst en becauce unplanned
clos ed circuit s night set up an undesirable valving s e7:ence. Sone

automatic shutdecin of the tritite. processing ec.uipnent vill brvc to
o

be coupled tiith the sprir':lar syste~.
.
.

,

Another f actor to be e zal,uated is the effect of autor.atic

sprin'. ling on stu ck ef fluent t. pera arc. If the stsch exit tc=perature

is lowered, the dispcreicn cf eff1: tent, dilution f actor, is redtced

significantly.

Selection of caterialc and procedural controls ,:111 be utilized

to prcver.t the accumulation of fla- abic r.aterials in the radioisotepe

area.

^ -- - ____ ___ _ _ _ _ _ _ _ _ __ _ _ _ _ __
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Airbcrnt- conta-i nation e /r e sure monitor' nr
During initial optrating p:riedt, breathinc zcne re.plet v/ill b e

obtained for the persennel invcived. Once the operation of a picec of

equipm ent is stabilized, it is pla:.ned te use statientry sa .plers

lec at ed in eac'. rocm. Currently, it is planned to drav. air from each

work station in a room to a cen. tral room campler to obtain a daily

integrated sarple for the room. Thic prograr 7:ould be coordinsted

v:ith the prorrsr di scur r e d under Rocm Air 'J.onitorin.c.

The sampling for personnel e,onitoring :culd initially be perfor .ed
.

.

by use of Jch.rten Triton units and percenal v:ater impincer units.
If the initial c:ata justify the need, a sytte. c f Kanne chanb ers or

per .anently installed Johns ten Tritens v:111 provided as part of_.

a pems it sycte..

Ficarra, orn ~rt .

Initially, daily urine ren lee from each v:ork in the radioisotope:

aren vrill be analyzed for tritiz.. Data frc . the da517 urine sc=plc

progra: v 111 be analyzed to define a permanent routine tritium

urinelysi s prcg ram. Ir. any case, all radioisotope area v orkerc vcill

be recuested tc submit a minirun of one urine sample each vierk vleek fer

tritium ans.lysi s.

- - - - - - - - - _ _ - _ _ - _ - _ _ - _ _ - _ _ _ _ ___ _ _ _ _ _
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Replacement Form 313 ror Licmae

to replace 37-00030-02.
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SAFETY LIGHT CORP.
37-00030-02

BLOOMSBURG, PA 17815

FOLDERS "A" AND
"B" TRANSFERRED FROM HQ
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