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USNRC, Region II
Atlanta, GA

MATERIALS INSPECTION
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Page ! of

INSPECTION REPORT 0. _ 5525 ©/ treacres

( 7 Appencix A
Licersee: , { ) Appencix 8
Street: A‘,f‘/( ) Appencix C
City, State: { ) Memo
Licensee contact: Te'epnone No ..
Jicense No.: ' /- Last amengmeont amc date
Category: £.3 , ang P=igrity [ ., as of last amencment.
InsCectior cate(s): 52;/CCég‘5“' Type of inspection Low Loa )

SUMMARY OF FINDINGS ANC AZTION
(#) No nancompi-ance, clear 531 issuec () Noncompiiamce 391 fssued -
( ) Noncemp’ fafze, Appengix A () Regismal action action
( ) Agtion on previous noncomplianca, { ) Supolemental info, Appergix C***
Appercix E**
RECOMMENDATIONS
See Sas‘s ‘v Appercis« T Jr attacreg “emo.
{ ) Crange Catejcry: ( ) Shange ?r»ig»ity te:
{( ») Vext inssecsisn date: 356 i
PERSONS CONTACTEC
o’ »” / /

: > - - » i rd

~fi30ecter:

ERpcroved:

*Use current 461 09785, Stindgre Forms
*wise far actions nor documgnted N a prior (i1censee response
***ise For ingLoector eva'uatior or recommendations ’517
G
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INSPECTION REPORT NUMBER: _ ~Se! Page 3 of
777108 - Industrial-Acacemic
AREAS INSPECTEC AND FINDINGS

Licensee: __:M__ License No.: $2. 2 I ¥/- & | Amendment No.:

INSPECTION ITEMS CRITERIA FINDING
1. Organization Lic Sond &_

Management organization.

Raciation protection organization. /L. A",__. (’/,,u.(

Radiation Safety Committee

Authorized Users K} "‘) (M «(/’(%
NOTES:

-~ -~

O & W«-—h,((td‘.

-t 2’(0(/19'.5_._. '

2. L.'cersee interna audits L1z Lond £ &
Szope and freguency

Management controls.

A_ARA Aydits

Raciation Safety Committee Meetings
Minytes Recorzed

NOTES:

/\ j; £ N (ﬂ;z | : wlbe B 4
7 14 ( y Ry - 3 - A
F/ P . ‘}“ (e b /“ (‘,j CEarrve u/oﬁ



INSPECTION REPORT NUMBER: _::8_1___ Page 4 of

777.08 = Industrial=-Academic
AREAS INSPECTEC AND FINDINGS

Licensee: ‘M_ License No.: AJ-23 ¥/-£ |  Amancment No.:

INSPECTION ITEMS CRITERIA FINDING
3. Training anc ‘nstructions to empioyees Lic Cond o5
Training program, scope and freguency, Lic Cond _

retraining. Conducted Dy who?

Reguired tests acdministered; scores

satisfactory.

[rstructions to workers. §19.12
R.G. 813 o
RS 8.27
R.G. 8.29

NCTES: )

=g A 2 “’/
é J’mw/ f{lul-"\ léc el F)1- "’V(‘:/ e (._/ ~ S AS

"Q&[——ow-( /‘c;ull(// Ert &f P &(l} ones J (e ceEX
Fypec 2t ,‘v"?nﬁ /:/ﬂhay\ G.. L

T Tqagiacior protection procedures iz Comd _ e
v Ocerating & emergency orocedyres implementec. e 2 ie Cond o
Manufacsturer's instryctions for devices Jsed

Srotective zlotning JSOCA,Q,f)£¢ s nT

Cortamiration comtre! procedures £/

Access contral “HMigh Radfation Area” /< §20.223(¢)
Security s #acétop” §2¢0.207
NOTES:

- it CiPrne

. ',ﬁl Tem

”
l«c*t ‘r.n:nzl\ﬂ}‘{.“.:‘s\( .((““‘ p "{¢[,_,(

(_‘;6 b sincu s e 41 poa e otavae



INSPECTION REPORT NUMBER: €5 o ( Page 5 of ___

77710B ~ Industrial-Academi:

AREAS INSPECTED AND FINDINGS

Licensee: M—- License No.: 92234/~ |  Amencment No.: -

INSPECTION ITEMS CRITERIA SINDING
& Materia's, ‘aci ities, and instruments ¥
Authorized uses and gquantities. £ S Lic Cond
Restricted areas, posting reglirements. ¢3¢ §20.203
Survey instruments & dosipeters; operadle, Lic Cond
properly cah’brated./éb

fixea monitors (operable and ca‘*aratedy/&_)

NOTES: yelate i3 Cass
7—?“4{ r% .

¢ - ; % & #° '
Gr e wurcs Ak mes

L
& D Py

évb”"“*, L((l(‘-,‘l../l-v /n;v'/rd (’/A& d}(/—%'"f //‘,,,t /11/‘5’&;'[ ¢(i‘<._-_/

———

& leceiot anc transfer of mataria’s <
Procecures implemented, adeguate. 4,);' ‘ ; §20.205, Lic Cona
Transfer of byproduct material. | ""',',,":""/L §30.41
.abeling and packagining. §71.5, (49CFR 170-189)
Records of receipt, transfer, storage, - €30.51, Lic Cond

survey, and menitoring

Sracurement procedures Lic Cond

L4 / / 4 -~
inventaory :cntro%’_) ; "{/””c\‘(" € &or 2. Lic Lond

NCTES:

‘



INSPECTION REPORT NUMBER: _ S-< / Page 6 of

Licensee: M

777108 - Industrial-Academic
AREAS INSPECTED AND FINDINGS

License No.: $22% 4/-2/  Amencment No.:

INSPECTION ITEMS CRITERIA FINDING
7. Personnel protection - external o
Personnel monitoring cortrol; minimize §20.101, §20 102,
exposures, control of accumulatea aoscﬂ §20.202, §20.104
* Dosimetry supplier, frequency of exchange, Lic Cond

type dosimeters (W. B. or extremity)

Avg. exposures (W.B. and extr.) ’9(‘&%

max exposures (W.B. and extr.)

N

Number of persons monitored &

Surveys ccndu::ed/lé-,.- S

Fraguency, ~8suits, records

_ §20.201, Lic Cond ___
<

§20 .401

Levels in "Unrestricted Areas" 1< §20 105

NOTES & REMARKS:

) | gl? T2 a2 4 - ”
* ’7//”‘(/; /L - //((,17M h":‘—?"’" £ ,)/Jltl‘r‘( A .

Personnel protection - internal g{?
Airnarne concentrations in "Restricted Areas. "~ 820 103
Exposure of minors. /.2 §20.104

Posting of airborne radicactivity areas, /'~ §20 203

LY

Survey, monitoring requirements, records./b--’ §20.201, §20.401
Ventilation systems o ¢ Lic Cond
Installation and Testing/uq e <

Process or Engineering controls/%:""f §20.103(B)(1)

NOTES:



INSPECTION REPORT NUMBER: _gg-‘,z Page 7 of __
777108 = Industrial-Academic

AREAS INSPECTED AND FINDINGS

Licensee: _M License No.: S22 /-/  Amendment No.:

INSPECTION ITEMS CRITERIA FINDING
§ Leax tests Z—,
o
Performed Dy who? o Zcbpwa & — Lic Cond

Test fregquency, Records of results

NCTES:

-—i)/ )/‘VJ/,?‘I"-K;,/ /('(/; l.lfﬂﬂk/'_,.z;'é/ ‘

10, cffluent contro . waste G°'sposal ~X
Release of effluents. Adi,/’ §20.106
Procedures, monitoring of effluents §20.401,
Lic Cond

waste disposal

Transfer for final disposal §20.311

Release into sanitary sewage §20.30

OCispcsal by incineration §20.308. Lic Cond
Disposal of specific waste §20.2306

waste neld for cecay Lic Cond

Lapels obliterated
Surveys conducted

Jther speci®iz acisposal method(s) §20.302
Records of cisposal §3C.51, §20.401(3)
NCTES:

N ks Asagerant [ Diri e g, F iy smie T Grn



INSPECTION REPORT NUMBER: B Page 8 of _

77710B - Industrial~Acacemic

AREAS INSPECTED AND FINDINGS
s

Licensee: M,[__ License No.: J.7-23e//~-¢)1 Amenament No.:

INSPECTION ITEMS CRITERIA FINDING

11. Shipping shipping ‘ncidents

Procedures for pickup, receipt, montoring of §20.205(e) & (¢)
oacngos./‘gz) Lic Cond

e

Transporation of licensec material. pswes 7 §71.5, Lic Cond

& gnd s
Incidents, reports, corrective actions, _ ... 43CFR 170-199
/7 -
Compliance witt D07 Regulations. £ ¢ 49CFR 170-199
QA Progran (under General License) /\/rr 71.11

NOTES:

Notifications ang reports

To *incfwcuals./c >

Jverexgosures, excessive levels and ..
concentrations incidents. . 7/¢

Personne! exposures and monitoring,
termination reports. LI

Theft or loss of licensed material. |

NOTES:




INSPECTION REPORT NUMBER: € 5-c/ Page 9 of _
777108 - Industrial-Academic

AREAS INSPECTED AND FINDINGS

Licensee: M__ License No.: S2-2% /- >] Amendment No.:

INSPECTION ITEMS CRITERIA FINDING

13. Posting of notices Yl
§15.11(a)

s

»

Part 20, license and cdocuments, DPocedures.éé
notice of viclations. p

/
Form NRC-3. /i S §19.11(¢)

NCTES:

e LA pradingd dn t;,4*“-V

gt -
Envirgnmental Moritoring 2rogram

Implementation of program, sccpe and
frequency as reguired.

Records maintained, reviewed Dy management.

=mergency presarecness

Procequres availadle for incicents and
accidents.

Training for personnel; coordination with
supporting groups and agencies.

NOTES:




INSPECTION REPORT NUMBER: £ 5c | Page 10 o
777108 = [ncustrial-Academic

AREAS INSPECTED AND FINDINGS

Licensee: _M_ License No.: 92-<23c%1-C | Amendment No. :

INSPECTION ITEMS CRITERIA FINDING

16. Other license conditions Lic Cond =X 4

Reviewed with licensee representative

NOTES: A
.—f::"«.a;‘./ Lttt nan. Ploppti laprenr ared J’W-" L,

Elay bops i ErmicES Lo oS P i Ll tdcpeial i

jrh-‘ .
17. Conférmatory measurements §20.105, §20.201 .

Licensee's surveys verified on sampling
sasis.

{,.'(‘ot‘:‘/ S A Iwrnd

NOTES:

Mater used
Calib. Date:
Serial #:

Ciagrams of areas surveyed

18. Lircepencent "nspection effort
el e

Scope of program
NCTES:
7/}(,/; //JW/&M; ma:? ,-n;;:, p fLJL fé /-

Ct Gt < 2o ! APl o frA



AN

| — e ————————

- v
p—
LIST FOR <R 2|
- |owe
-
e I TR ot - e R Sy
Po~ o, BTER (W A TR - T oW NS SN T T OO
e WETER, SEACKNILER - AATER REV NG S OD
- - —f~ (=l T = = L;.r :;g._-’,’ R :3._;:.?7“-‘__ _?“_:n_
o I Z & VST S\ Sy QTN TET Dasewve
G ?-5C‘TL S o O ARER, ey T g ST
LV TRES SN, o
, C rmpornry Pa For SO T TNV DR SAMENWT |
|: LAY=- I DUCTWORNK L




- c - - 3
3 - - o A
<te =% . .
G T S ew =
g— - —
» s (3 PARORY TAa, _Fuo SOt T v W B
~ - - e —— A
<] 1 LAY TR
< — - —_— e —— -

S ) RADRATION PETER PO e G,

N A | < veRwmTc e~
S - * O w e Nl -

« 821 L |C AR R WHEER. BRECKET

L SELE TROLEY ‘P o754 (33, DROP T MoNovVEVOR' DESRERESED

2C3 s 2R o ox A G VEX BD [AFscREW

--
-

29! ey A e L2 NUT  SHTET -NALR ® AN

e

.
| LIST FOR ST ] o710 T -.JF?:

1y \
* S -~ = I
- fod |, b1\ 2
: 1 -
T e | OwO
PYVTIRE [EOR Pont e DASCR#TION
- > 2 e, - St M ETAENSVES AT = Tl LT
-
. s . - - — S - A P T pp—
S S S — R e AT T R, RS wEN - - PR ..
. s
L S G S LE SONWVEYSR. VS SsSeEer.Y . .
4 - — r— - - - -
B— . .:_'Lr._»-_t. RO S O RREE PSR - e
v S0 CETL SO TE 2 s -
——— — r “h‘] - ea———— —
3 - ovaA oA . 3 =\ -
_-_,_+. R 4,_721 AR _ - - NS "v“ AERA v .= e ‘.' — —
x = - g 0 e TVBREwm T v S AN e . -
S—% s — % . e S 2 S A SN A e S S - - -
T e o - - — - — o TN N -
"‘“ﬁf“_'*"‘ - ) = e . A - - A, - 3 __,'<‘Z'* - sl
% 11 1D 12we sv o aowesee o = SR A, TR
- - — — ; - Sa——
L < L T M, L=l AT A SIS " ' NI
» o - .- . > = . S —— -
"3 - — S R 1 O e N & - YN
s __1 P e ey S S - e— . - — st ;.
= > -
’ c

S orvmor o

RRRD\RTC=R,

t‘,.'.'o e

B P TN o B SRS P IRT ORIIRLL N S eSS O Y. ¥




- 9%
-
- -
-
.
.
o
»
-
-~ -

| 4
- ¥
& s
i
Al
—
'
p— .
-’
RPN

-
A
“‘:I
IDENTIFICATION
o8 mnwe s fToRrs e
e . -J—L» . —
Zervicoo ‘;:L_m -
22oic o]
A o
25 |- Ta) 63
2Bl 707 loc 2!

C— L ————.



T
5
& oK
1 2
- . -
: S Y
. s s : - 4
-
.
.
-
-
-
pa—
- . —

¥ 4,000,000 CURIES COBALT &
WGICAL SHIELD, ALL ERVICE
MARKED (C.S5
THE RATE F 1200 C.F . »n

ESIGNED TO REDUCE TME EXTERNAL
s WITH A 4,000,000 CURIE COBALT &0
ERAGE EXPOSURE RATE OF LESS THAN 0.2%
PERSON FULL OCCUPANCY OF 40 HOURS PEA
£ OF 500 MQEM PER YEAR. EXPOSURE RATES
ALLOWABLE [N SMALL AREAS ADJACENT TO
HESE CONTRIBUTIONS DO NOT RAISE THR
OVER A SURFACE ABOVE 0.25 MR/MR.

WATER MUST BE LESS THAN 10.0 MICROMBOS .

“A

.
)

-
[ -
2 -
e b
1

- T—
z1]e - : Po~<
- s S—
2ale o kosbior <
SSBVNOTSTY - wre S

&
" ==
A7 S5C
-‘-: s LS
-
IDENTIFICATION
Te ne B T TR G -
= STAG A 1
—— N NS A A=
BCT709 k 0%
- L )
- IS f;“.’.'«‘"'j_;\l‘b*L
2 109 o4
p= = O S mody
= ™ :7 3 ~
= S'CTeT 107 o]
o IBNCTIS Y AD
o — e o
= o0 -
4 — - —
8 ko187
b =

|0
N
{

1
(flv’
|
|

o w

|
{
3

|
J L
10
£
i
PR

)
4 [}
O

y YG R
s |- 1O
h

'S

e
0

(€ [rerFiaisas: o
LS LB 2o TORATERE T

O Mees Tas "4 40 4 43
~

C [TEM J@ ADDE

-
.

e e e Ay

il I o

-



— - n~
- haia)
'
. . - e ™
i - -
| S e
1 -
O L}
; - f - N
o | v 4
= N
’ N~
! ! ) i
4 | r
| '
i : \ .
» |
!
J
i
¥
| 1
c—— ‘ 4
—
r > ol
'
| )
—.
-y -



N

-

’:f ...’

AVERAGE EXPOS! RL

CONDUCT IVITY gF YOOL ~AT

¥R ST N

WER A SURFACE ABOVE O

£55 THAN

i
1 v
- »
- - =4 7"
» .
-
2 i
3 .
.
s A a
- —
YTES
5 G 1CAL 5 4 000 , 00 R1E BALT 4
MER Al HIE sl
wEIN LY 4 JABRKED 3
STILATION REQN RAT “
HE Bi GICAL 5K §SIGNED TO STDUCE THF £ XTFRNAL
RAD LATLON EAKALE WITH A & 000, 00 <URLE ¢ BALT o
PLAGUE SOURCE A RAGE EXPOSURE RATE ¥ LE TRAN 0.2%
MR/ HR THIS ALLOW sRSON FULI CUPANCY OF &0 HOURS VER
WEFE DR A MAX MM ¥ 500 ot vFR YEAR XPOSURE RATES
# UP TO 2.0 MR/NR A} (LLOWABLE N SMALL AREAS ADJACENT T
THE SHIELD PROV IDED CONTRIBUT TONS DO NOT RAISE THE

1% MR/MR

-—
: ~ s " TR,
% € 2 SR WX
._ovE
=y PR -
%
f'.‘~
k . % - -

|

A

10.0 MCROMNOS

ARG




- -
> or
P
s (
»
4
I
|
| | ’
b
)
1 _ Sl S
t |
- i
|
¢ N
[ w $ »
i : ’
w g { ]
3 9 (v
/ | .
I el
|
: i
[ —
] ="
{7
i i
{
) |

-
~ N\
\5

| }
- YOO |
072 9
R4 R
o)




- -
.o 3 \——c : -
— -—
9 bt <
-
- - -
H ——'-
™ " -
- |
4.3 |
_'/ )
i T f
" -y
J "
L
1 ~
1
t 2
T -
¢ “
2 "
L ‘I "
4
\
-
- p—
| PRp——
- YWVRAY - g
‘ - - .
TR Ew T
4 - g
ARK IE RS

|
[

.
= ¥
=
— i THE
B RAD1

Pl

MR/H

wriK
W\

~

AVER




. l - -
o - 2
g 4
e3.:1 A ‘
"L e 4
r
St —_— ' = = — -
REF.-_ - . ; E £
- -
. . ] - . »
- - | ' ‘ "
~ e e = | 3o
| -
.
N
S . ial |
. 12 e e
- ¥ \ ] e
: woiplh- B
§ 3 L
\ .
| —— -
A ¢ ' ' i
~ » -

(.
-
-

’ ) b : | r "
2 L G & 0 N9, 10 -y Se2h v L
{ | '
3 T B,
MO . |

| 4
3 RADIAT 20, Wi ring :-

" uewt & rasuns T
V' BEAICOHN .

i

! | -4 ' 1’“ v'(f J h.,._.,'> ',_;.,r...‘. - PLAE—.
' ) i b . .
{




e -




Se

Q'JB:SZ/;
roam NRC 3131 US NUCLEAR REGULATORY COMMISSION 1. APPLICATI ‘

(1-79) (Check and /or compiete a3 appPropriatel
10 CFR 30

APPLICATION FOR BYPRODUCT MATERIAL LICENSE
INDUSTRIAL o NEW LICENSE

See attached instructions for detads. b AMENDMENT TO
T TIeENSENUNBER

Completed appiications are filed in dupiicate with the Division of Fuel Cycle and Material Safety,
Office of Nuclear Material Safety and Sateguards. U S Nuclear Reguiatory Commission.
Washington, DC 20555 or apphicanions may be filed in person at the Commission’s office at

1717 H Street. NW. Washington, D C or 7915 Eastern Avenue. Silver Spring, Maryland

2 APPLICANT'S NAME (/nstitution. firm. person. etc | 3 NAME OF PERSON TO BE CONTACTED REGAR
APPLICATION
Isomedix (Puerto Rico), Inc. George R. Dietz
TELEPHONE NUMBER AREA COOE  NUMBER EXTENSION TELEPHONE NUMBER AREA CODE - NUMBER EXTENSION
(201) 887-4700 (201) 887-4700
4 APPLICANT 'S MAILING ADDRESS //nciude Zip Code) 5 STREET ADDRESS WHERE LICENSED MATERIAL WILL BF USE
80 South Jefferson Road (inchude Zip Code)
Whippany, New Jersey 07981 Macco Industrial Park
State Road 690 Km. 1.7
Vega Alta, Puerto Rico 00762

(IF ! FOR ANY IT | YED P

INDIVIDUAL (S) WHO WILL USE OR DIRECTLY SUPERVISE THE USE OF LICENSED MATERIAL
(See Items 16 and 17 for required training and experence of sach individual named below)

FULL NAME | TITLE
George B. Baker Group General Manager
». Luie E. Watlington Plant Manager
¢. John Mas;field,'william M. Owens | Corporate Staff

7 RADIATION PROTECTION OFFICER L Artach a resume of person s traning and expesience as outhined n [tems
Luis E. Watlington (on-site) L 16 and 17 anat describe his responsibilities under [tem 18
George R. Dietz (corporate) L See Supplement, Parts 9 and 10 .
8. LICENSED MATERIAL
CHEMICAL NAME OF MANUFACTURER | WAXIMUM NUMBER OF
". 'Lmzm AND/OR AND MILLICURIES AND/OR ‘lA:cl'D
MASS NUMBER PHYSICAL FORM MODEL NUMBER SOURCES AND MA XIMUM 1B
: (1f Sealed Source) VITY PER SOURCE WHICH WiLL
BE POSSESSED AT ANY ONE TIME
NO A " c - [+]

™ | _see part 1, Sugplemental Infodmation |

2)

(3

(4

L‘ 5 DESCRIBE USE OF LICENSED MATERIAL

: ] Gaan . - —

" See Part 1, Supplemental Information

2) B

(3 -

) 813

FORM NRC 313 1 (1.79) QA"V\ SenY \.40 Q(s\b" x.k"\\ i\, cq e sloyler

’ »

Tk



’ &

9 STORAGE OF SEALED SOURCES

+ | CONTAINER AND/OR DEVICE IN WHICH EACH SEALED NAME OF MANUF ACTURER MODEL NUMBE R
.! SOURCE WILL BE STORED OR USED.
A B c
s AECL Standard Irradiator Atomic Energy of IR-107
o Canada Limited
- See also Part 4 of Supplementfl Information
“
e 10. RADIATION DETECTION INSTRUMENTS
TYPE MANUF MODEL NUMBE R RADIATION SENSITIVITY
Y OF NAME NUMBE R AVAILABLE DETECTED RANGE
£ INSTRUMENT {aipha beta {miliiroentgens/hour
gemmae. neut. anl or counts/mmute)
A 8 c [*} 3 ¥
w“ Geiger Berthold RATO/F ) 3
)
@1  Geiger Eberline E-130G ) )
) See als¢ Part 2
¥ Geiger AECL L118 ) to Supplement
W| Ggeiger AECL L119

11. CALIBRATION OF INSTRUMENTS LISTED IN ITEM 10

Tla. CALIBRATED 8Y SERVICE COMPANY
NAME, ADDRESS, AND FREQUENCY

See Part 2 of Supplement

b CALIBRATED BY APPLICANT

Attach a separate sheet describing method frequency and standards
wsed for calibrating instruments

12. PERSONNEL MONITORING DEVICES

C(3) OTHER (Specity)

0(2) THERMOLUMINESCENCE
DOSIMETER (TLD/

to Supplement

TYPE -
(Check and/or mxmn appropriate ) ,a,mlcwﬂ ncuuo: FREQUENCY
(1) FILM BADGE See Part 3 L) MONTHLY

[ QUARTERLY

[ OTHER (Specity)

13. FACILITIES AND EQUIPMENT (Check were appropriate and attach annotated sketch(es) and description(s)

) a LABORATORY FACILITIES PLANT FACILITIES, FUME HOODS (Inciude titration. if any) ETC
0 b STORAGE FACILITIES CONTAINERS, SPECIAL SHIELDING (fixed and/or temporary) ETC

) ¢ REMOTE MANDLING TOOLS OF EQUIPMENT ETC
O d RESPIRATORY PROTECTIVE EQUIPMENT ETC

See Part 4 to Supplement

74 WASTE DISPOSAL

» NAME OF COMMERCIAL WASTE DISPOSAL SERVICE EMPLOYEL
Atomic Energy of Canada Limited - CP, See Part 5 to Supplement.

b IF COMMERCIAL WASTE DISPOSAL SERVICE ISNOT EMPLOYED SUBMIT A DETAILED DESCRIPTION OF METHODS WHICH WILL
BE USED FOR DISPOSING OF RADIOACTIVE WASTES AND ESTIMATES OF THE TYPE AND AMOUNT OF ACTIVITY INVOLVED IF
THE APPLICATION IS FOR SEALED SOURCES AND DEVICES AND THEY WILL BE RETURNED TO THE MANUFACTURER SO STATE

FORM NAC 2131 (1-79)
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PART 1 -~ [IRRADIATOR DESCRIPTION

{‘;1/ INTRODUCTION

, The IR~107 Irradiator as described herein is a standard

. ;;’ mode)l of medical supply irradiator, fabricated by Atomic

f‘r Energy of Canada Limited. It consists of a large con-

v crete biological shield which houses the cobalt-60 and
a shuffle mechanism which transports product cerriers
past the source in a particular pattern. The unit 1is
totally automated. Product is loaded info corriers in
an outegide unrestricted area, and carriers are then
automatically sequenced into and ocut of the unit. The
general layout of the facility is as shown on Drawing
Bi10701 002G, (See Appendix A).

It is the intent of this presentation to Jescribe the
unit with special emphasis on the safety-related system
and its operation. This will include detailed procedures
applicable to the cperaticn of the facility; however, it
is not the intent Lo discuss the detailed operating pro-
cedures of the mechanical mechanism,

The mechanism is scheduled for installation into the
concrete shielding in November 1981, Following installa-
tion of the mechanism and the total safety system, all
aspects of the facility operation, ajain with special
emphasis on the safety devices, will be checked to assure
proper operation. Only after the safety system i3 intact
and operationally correct, will source Le loaded into the
source rack.

Because of the logistics of installation and uncertain
shipping times, it is possible that the sCurce wiil arrive
on-site prior to final checkout of the total safet’ eystem,
1f this occurs, the source will be held in the shipping
casks, and unlcaded into the pool for storage as soon 18
the pool-related safety system is functional (water cir-
culation system, pool chiller, water level floats).

L A ¥
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1.2 GeneraL FaciLiTy OPERATION

Drawing No. A~) shows the general layout of the
irradiator in relation to an associated 17,460 sq.
ft. warehouse area which will support pre- and post~-
irradiation product storage and handling.

A conveying system located outside of the unit is
avajlable for the loading and storage of carriers
scheduled for irradiation processing. The carriers
are fed one at a time through a maze into the
irradiation chamber. A tandem trolley system is
Gtilized to take the carrier from the maze into the
intexnal conveyor system. The tandem system will
pick up a new carrier, transport it into the inner
conveyor system and deposit the new carrier onto the
inner system, Concurrently a finished carrier is

put onto the second part of the tandem carrier for
transport back through the maze to the exit side of
the carrier system. The ex!t side is alsc physically
blocked by carriers., As the exit carriers stack to a
depth of 3 carriers, the unit on the end is forced
out of position onto the post-irradiation external
storage mechanism. 1In addition to the carriers
acting as physical barriers, the inlet and outlet
passages to the maze are obstructed by barriers when
no product carriers are in the opening. The barriers
are operated by pneumatic cylinders, and seqguence
thelr opening and closing with the passage of carriers
into or out of the irradiator.

The total system is actually an incremental dose
irradiator, where each transit by the source receives
a unit of dose, say 1.0 Mrad. If the desired dose is
2.0 Mrad, the carrier is "recycled" for a second
transit, and this occurs in the interior part of the
irradiator where the notation "FPath of Recycled
Product® is made on Appendix A.
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1.3 Licensep MATERIAL

Line (1) A Cobalt-60
Radioactive Cobalt-60 metal

C Manufactured by Atomic Energy of
Canada Limited - Commercial Products.
The cobalt-60 Model C-188 Type 1, 2,
3 or 4 are double encapsulated in
316 stainless steel. They have been
designated as acceptable for licensing
in the U.S.A.

D Maximum activity per C-188 source is
14,250 curies of cobalt-60. Maximum
cobalt-60 source loading is 3,000,000
curies in 1344 positions. 1Initial
source loading is probably about
1.2 Mci. The activity supplied in
these sources will range from 6,000
to 12,000 curies of cobalt-60 per
source.

m

Commercial sterilization or processing
of packaged medical products and other
items, except those of an explosive or
hazardous nature.

Line (2) A Cesium 137

B Anhydrous Cesium Chloride

C Nuclear Associates Incorporated,
Westbury, New York
Catalog Number 62-103

D Maximum activity per individual
source is ten microcuries of
Cesium 137. This is an exempt
quantity.

E Instrument check source.

=HASNEN
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PART 2 - RADIATION DETECTION INSTRUMENTS

2.1 Both portable and fixed monitors as described on
the following pages will be utilized.

RATO/F or Eberline E-130G will be utilized as
handheld units. Both types are currently in
use in similar Isomedix operations, and both
are acceptable units.

i PR |



Radiation Prot - stion Measuring Instrur »nt RATO/F

rO

~ro

Highly sensitive small instrument for measuring dose rales of and radiation as welil as lor deteclion of -rediation

Ditterentiation between and radiation by adjusimen! of a buill.in shde

Lowes! value indicaled
Highes! value indicated

Measuring sanges and ime consiants 0

VERTRIEBS-GMBH FUOR MESSTECHNIK

der Firmen Frieseke & Hoepfner GmbH - Erlangen-Bruck
und Lavoratorium Prof. Dr. Rudolf Berthold - Wildbad



Acoustical Indcalon

In the towes! Iwd Mmeasuring ranges there i3 an acciional
BCOUSHCA! INTICALION 88 every puise CAUSES & Clikx in the
Dutitan lpudspeaser

Scale division

The scale is quas-logarthmic wheredby 1 % of the tull
gatiection s sl reacable

Since this quasi-logarnthmic dial Curve 18 produced by

resistances and condensers only. high accuracy which s
consiant from one instrument 10 1he nexl s guaraniesd

As 8 further dillerence from the purely logarithmic dvision,
the ntensity value "0 18 also indicated, and & high
accuracy is oblained st small intensities combined with

high 1ero-point-stability

Energy depence
+ 20 % in the range belween 01 and 1.5 MeV y-radiation

~-Callbration

with y-radiation of radium {C.5 mm Pi-filier).

Calibration sccuracy * 10 %

Recailbration

Recalibration by 8 control SOUrce 1s Not NeCessary in his
instrument since high vollage as well as puise size are
stabilised. and since furthermore, the counter tubes

operate in the puise mode.

Functional control is, moreover, provided by the acoustical
and optical indication of background.

However for demonsiralion and IraINING PulPOses, & weak
Cs'" source. which is not subject 1o suthorization. can be
delivered

Counter tubes

The instrument contamns two counter tubes

a) an end window halogen counter tube with & window
ol 635 mm’ area thickness 2-3 mg/em’ This counter
tube i3 buill in1o the base of the instrument This

srrangement laciitales the measurameni of surface
contaminalions since the insirument can be held like

s Natairon
b) & miniature halogen counter tube for the range of
0-10 v/n

2-3

Power supi iy

The instrument has two builtn DEAC cells type 500 DKZ
The working time with fully charged celis » 12 hours
continuous operation A charging unit for connect.on o
220 voits A C (0ther voitages on request) 1s subplea for
recharging the buill-in ceiis Charging time 10 hours 1
Lmely recharging was negiected the insirument can 8180
be powered by 8n exiernal batlery or. provisionally lrom
the mains by way of the charging unit The stabilisation of
1he instrument i3 such thal any type of bahery beiween 125
and 3 volts can be used

The vollage can be checked on the r nng nstru 1 by
turning the Operation swilch 1o the corresponding position

{emparature range
~3°%w0 +5%°C

Resistance agains!l overioad

A cdose rate of 1000 R/h does not cause a return of the
pointer from full getiechion in any measuring range

Stabliny againsl shocks and joits
approuimately 10 g

Cune

The instrument 18 iIncorporated n & plasiic case which s
insensitive 10 shocks and blows It is spiash-water-proo!

Dimensions and weight
190 x 890 x 80 mm 800 g

Carrying case

A carrying case of genuine cowhide 19 supplied with the
instrument The charging unit is also housed in this case

Other radiation protection messuring Insiruments

For highly sensitive contamination messuremants of a-, B
and y-radiahion. the coniamnahon measurning instrument
LB 1200 s recommanded which in additon 10 the builtn
countar tube makes the connection of numerous exlernal
probes possibie (even lor hquids and gases)

For wave langth independent dose rale measuraments of
X rays and gamma rad:ation lrom 10 keV on the portable
apparatus TOLE with a gas amphhication chambaer of
piashic matanal is used (Most sensitive range 0- 300 wr/h,
rondablie 10 ui/h)



Taking into operation

furn left hand switch to "Ein" (“en" ..
Adjust the right hand switch to the range desired.

Neasuring gamne-radiation
Push the 3lide et the reverse side of the inctrument over
the counter tube winoow.

Hegtu:&ng"betatggginpigg

< ST S——

Push the slide in opposite direction to the counter tube
window.

Voltage cont;g}
Turn the left hand switen to “K". The incdication szoulc now
rise apove the marking "K" in tne upper scale. I it 1s Dbe-
low the marzing "X". the D:AC cells in lhe instruument have
to be recharged. For this purpose the plug of the charger 1is
rut into tne socket at the side of the instruxent and tne
charging instrument in tne Schuko-socxet. Tne czérging tine
is about 17 = '% nours. Durirng that time ihe lngirument uusi

not oe switched on.




PORTABLE

MEETS u.S. AEC REGULATI

(10 CFR PART 34, PARA. 34.24)
INSTA

FOR USE IN RADIOGRAPHIC

GAMMA RADIOGRAPHIC SURVEY METE]

ONS

MODEL  E-130(

TILIZES INTEGRATED CIRCUITS
SMALL SIZE - LIGHT WEIGHT
LONG LIFE WITH TWO D-CELLS
STABLE OVER WIDE TEMPERATURES
EXCELLENT LINEARITY AND STABILITY
VARIABLE METER RESPONSE TIME
BATTERY CONDITION CHECK

3 RANGES -~ TO 1000 mR/hr

SHOWN WITH SK.1 SPEAKER



PORT Apii. GAMMA RADIOGRAPHIC SURVEY METER 2-6
MODEL E-130G

GENERAL DESCRIPTION

The Model E-130G Portable Gamma Survey Meter combines the proven relability of geiger detectors with new electromc
cucuits to prownde an mstrument with outstanding operational charactenstics m 3 small, lightweght package at an econ-
omical price. The ruggedized mieter provides exceptional hnearity with continuously varable response time. Calibration
stability results from temperature compensation and battery voltage regulation. High efficiency cwcuits extend the lfe-
time of the two D-cell battenies. A rotary switch combines the functions of power switch, battery check ..nd selection of
one of three sensitivity ranges. The amplifier driven phone output may be used with headset, speaker ~~ 'y, or external

pulse counter.

Design features include voltage amplifier, monolithic integrated circuil trigger, meter driver with variable response tume,
one driver, regulated and feedback controiled high voltage supply and individual calibration controls for each range.
A single etched board holds and interconnects all components resulting in a MminimMum number of solder joints which en-
hances relability. The etched board connects to the die cast aluminum cover, forming a completely operational instrument
with controls and test points exposed for ease of calibration or maintenance. An aluminum can covers the assembly,

sealing against an O-ring, forming a rugged, weather-proof housing.

Standard factory calibration is to mR/hr from ]37Cs sources having calibration traceable to the National Bureau of Standards.
A cadmium shield surrounding the detector tube provides compensation for low energy zamma radiation. The instrument 15
furnished complete with C-Zn battenes, Calibration Certification, manual and carrying strap. Available accessones include

headset and speaker assembly (SK-1).

SPECIFICATIONS

i REAPOUT IV. MECHANICAL

RANGES: 3 Linear Ranges, switch controlled, 10, 100, DIMENSIONS: Approximately 6-3/4" L x 3-3/8" W x 3-5/8"
1000 mR/he 137Cs full scale. +2-3/8" handle H(17.1 x 8.6 x 9.2 + 6.0 cm).

SCALE LENGTH: 176 inches (4.5 cm) WEIGHT 3 1b. (1.4 Kg) with C-Zn batteries.

LINEARITY: Within 5% of full scale, 2% typical
RESPONSE TIME: Varable by panel control from 10 Vv ENVIRONMENTAL

sec. to 2 sec. 10 90% of final value. ;

PHONE: One pulse for each event counted. Negative TEMPERATURE Typical temperature cocfﬁciem:)f read-
pulse approximately 2.5 volts amplitude, length determined ing 1 -.15% per F from 40" to +140°F (-.27% per "C from
by range switch. 40°C to +60°C). Maxamum is -25% per " F (-45% per °C).
SATURATION LEVEL: Exceeds 1000 R/hr.

VOLTAGE COEFFICIENT: Reading changes less than

10% with battery voltage from 30 to 2.0 volts (New

batteries to end point.

'3 192
. ir 60
B, BAETERIS : (.31 MeV) ity (117,133 MeV)
Two “D” size cells held by internal captive holders. & (.61 MeV) ke -
VOLTAGE REQUIREMENT: 1.6 max. to 1.0 mn. volts o' \J/’;,,—J——‘
per cell. pod
LIFE: Variable depending on cell type, age, temper- &
ature, etc. Nominal life with new cells at room tem- g "
perature for each type is: K
Carbon-Zinc. . .. ...« 300 hours 0 (Ew—— - et
s AN e e PHOTON ENERGY (MeV)
T IR . ours 3
NickelCadmium . . . . ... 200 hours TYPICAL ENERGY RESPONSE OF E-130G
(Single Charge)
11l. DETECTOR

GM TUBE: Small, rugged, halogen quenched.

Cadmium shield surrounding tube for low energy com-

pensation.

lS;S;dSITIVI‘!Y: Approximately 100 CPM per mR/hr for
Cs.

ORPORATION

20 BOX 2108 SANTA FE, NEW MEXICO #7501
June 16, 1975 PHONE: (505)471.2232 TWX: 710.905.0678

é EBERLINEC INSTRUMENT




CIXED RADIATION MONITORS

Three fixed monitors are provided. A Model L118
Wall Mounted Monitor is located adjacent to, and
interlocked with the Personnel Access Door to

the maze. The sensor is in the last leg of the
maze leading to the irradiation room so that

it prevents opening of the door unless the source
is safely stored in the pool and there is no
excessive radiation in the room.

A Model D/L2 No. L119 is mounted above the product
exit barrier. One additional D/L2 N>. L119 monitor
is mounted on the deionizer unit. These continuously
operating monitors are on separate circuits. They
are individually interlocked with the machine opera-
tion. Should the radiation at the maze door or resin
bed exceed a preset level, the product pass mechanism
and conveyors will automatically shut down. These
monitors are described in the following pages.

RELIABILITY UNDER SERVICE CONDITIONS

Response of Monitors in High Radiation Fields

a. Blank out of Model L118 monitor does not
present a hazard. Interlocks prevent the
Personnel Access door from being opened
until monitor response has been tested
each time the door is to be opened.

The D/L2 monitors or the Model L118 monitor
will alarm well before radiation fields
sufficiently high to cause blank out can
occur.
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DESCRIPTION, MODEL L118

DESCRIPTION, MODEL C/L 2, MNo. L119

See ApPenDix C



2.2 CALIBRATION OF INSTRUMENTS
' - P 4 RATO/F and Eberline

These units will be calibrated at
least semi-annually by an independent
gualified laboratory. Units sent for
repair will be calibrated as part of
the repair procedure. The calibration
lab has not yet been selected.

2.2.2 Model L118

This unit will be ct-2cked for
proper functioning at qua-terly inter-
vals. The calibration prucedure is
outlined on Pages C-13 - C-15 of
Appendix C.

2.2.3 M~del L119

This unit will be tested for proper
functioning once a month. The test pro-
cedure is outlined on Page C-33 of
Appendix C.



PART 3 - PERSONNEL MONITORING

3.1

3.2

Fium BADGes AND PockeT DOSIMETERS

All Isomedix employees who enter the irradiator

chamber or who work in or around the irradiator will

wear film badges and pocket dosimeters.

Visitors with temporary restricted area access
authorization will wear film badges and pocket
dosimeters in the irradiation chamber. Badges are
exchanged at intervals not exceeding one month and
their issue and maintenance are supervised by the
Radiation Protection Officer. Film badges and
dosimeters are left in the facility in a rack near
the entrance to the irradiator.

PROCEDURAL RESTRICTIONS

At the labyrinth entrance to the irradiator,
there is a sign posted to inform personnel that
certain radiation monitoring devices are required
to be worn in the restricted area. Visitors will
be accompanied by the Plant Manager or an authorized
operator designated by the Plant Manager. Frequent
visits to restricted areas by the Radiation Pro-
tection Officer and authorized users ensures that these
procedures are followed. The procedures follow.

a. Obtain a film badge and pocket dosimeter

from the film badge storage rack before
entering any restricted area. Unless

the monitoring devices are permanently 08743

l\‘\"‘f‘
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assigned to individuals with regular
restricted access, the name of the wearer
must be identified with the identification
number of the device, the date and time of

issue and return, and the dosimeter reading.

Wear the monitoring device(s) at all times

while in tne restricted area.

Return the monitoring device(s) to the
designated location upon leaving the
restricted area or upon leaving the
facility for the day. 7he time of return

must be entered on the form provided.

Film badges are collected monthly and sent
to the supplier for processing. Quartz-
fiber dosimeters are read daily and the
results recorded in a log. Film badge
results are reported in record form and
are transferred quarterly to Forms AEC-5

or equivalent.

The issuing, wearing and recording of film
badges and dosimeters to employees or
visitors is supervised by the Radiation

Protection Officer or his designee.
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3.3 SUPPLIERS

Pocket dosimeters will be supplied by Dosimeter
Corporation of America, or an equivalent supplier.
The readable range of the pocket dosimeters will be
0-200 milliroentgens.

In other currently operating Isomedix irradia-
tion facilities, both R. S. Landauer Co. and/or
‘Teledyne-Isotopes badges are used. Although the
supplier has not yet been selected, it will be one
of the two aforeme: ioned suppliers. Landauer pro-

vides film badges anu Teledyne provides TLD devices.



PART 4 - FACILITES AND EQUIPMENT

4,1 Site LocATioN AND DESCRIPTION

4.1.1 GENERAL INFORMATION

Isomedix (Puerto Rico), Inc. is a corporation
registered under the provisions of the General
Corporation Law of the State of Delaware and 1is
duly registered and certified by the State
Department of the Commonwealth of Puerto Rico
to do business in Puerto Rico.

The Company's offices are tempcrarily located
at:

223 Eleanor Roosevelt Street

Third Floor (Interior)

Hato Rey, Puerto Rico 00919
Telephone: (809) 753-7755

The prcoposed project facilities and offices

will be located at:
Lot Number 3
Macco Industrial Park
State Road 690 Km. 1.7
Barrio Sabana Hoyos

Vega Alta, Puerto Rico 00762
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PROJECT AREA

The site chosen for the project is Lot Number
3 of the Macco Industrial Park Development located
at Km. 1.7 State Road 690, Barrio Sabana Hoyos;
Vega Alta, Puerto Rico.

The lot is on the left front corner of the
Park and adjacent to Route 690. The land area is
of a square shape with 9,065 square meters of total
capacity, (see map, Page 4-5).

At present, the lot is being developed as
part of the Macco Industrial Park Development, in
conformity with the conditions and recommendations
outlined by the approved resolution of the Planning
Board of the Commonwealth of Puerto Rico dated
June 13, 1980.

The total land area of Lot Number 3 will be
brocken down as follows:

Buildings, including warehouse and
manufacturing areas, offices, equipment

and maintenance room, employees' lounge

and restrooms, will occupy approximately

21,000 square feet. The parking lot and

trailer yard will use 27,000 square feet

and the landscaping will take the remaining

50,000 square feet.
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Topography

The topography of the lot is about 90% flat
with an average elevation of 49.50 meters.

The adjacent areas follow the same pattern
along the west and south side of the lot. The
access road of the Park and Route 690 igs located

to the north and east sides of the lot, respectively .

Flora - Fauna

The vegetation of the area is one of minor truit
trees such as Avocado (Persea Americana), Mango
(Mangifera Indica), Breadfruit (Artocapus Altilis),
Lime (Citrus Aurantifolia), Grapefruit (Citrus Paradisi)
and Orange (Citrus Sinensis). There are some common
ornamental plants, such as Hibiscus, Anthurium and
Allamanda Cathortica (Canerio). A house and a garage
were located on the central area of the Lot but the
structures were demolished during the clearing and
grading for the development and construction of the
Park.

Geological Characteristics - Soil Quality

Seventy-five percent of the soils of the Park area
are of the Bayamon Rock Outcrop and the rest is of the
Tanama Rock Outcrop types.

Natural - Artificial Systems

There are no natural or artificial systems in the

Park area.



Surrounding Terrains - Description and Usage

The Park area is part of a small valley surrounded
by low promontories (mogotes), which are very conmon
along the northern coastal slope zone. The promontories
are located to the north, west, and south areas of the
Park and the terrains are not suitable for agriculture
due to the difficulty to work them.

To the east, across State Road 630, is the Owens
Illinois Industrial Glass Plant and the El Morro
Corrugated Box Corporation. The nearest housing or
community is located about 600 meters northeast of the
Park and is known as Regadera Community.

There are three houses south of the Park, but they

will be relocated to another area due to the widening

of the road (Route 690), which is presently under

construction.

Meteorology and Climatology

The prevailing climate is tropical and the tempera-
ture variations are minimum., The average annual rain-
fall for the area is about 60 inches. The winds are
mostly from the east - northeast to the southeast
with an average velocity of 12 to 14 miles
per hour.

Present Planning Board Zonification

The present zonification of the Macco Industrial
Park is IL - 1 as per Resolution of the Planning Board

dated June 13, 1980,



4.1.3 MAP OF AREA

MACCO INDUSTRIAL PARK
Lot No. 3 - Isomedix,
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4.1.4 SEISMIC HISTORY OF PUERTO RICO

(Source: U. S. Coast & Geodetic Survey)

The seismic history of Puerto Rico places it in the Zone 2
category, using the same criteria employed in the Uniform
Building 2 Code, in designating seismic risk in the United
States. This means that while a large part of the island may
experience intensity VII and VIII earthguake disturbances
(Modified Mercalli Intensity Scale of 1931), intensity IX,
indicating major damage, is experienced at such infrequent
intervals and over such limited areas that they modify the
evaluation of risk over a long period of time. In recent
years there has been a tendency to raise the MM intensities
associated with the Uniform Building Code zones by one grade.

The maximum earthquake damage ever reported from Puerto
Rico occurred on October 11, 1913, from a submarine earth-
quake (magnitude 7.5) in Mona Passage not far from the north-
western corner of Puerto Rico. In the nearby coastal area
there was major damage from ground vibrations and additional
damage from seismic sea waves. This shock struck closer to
the shores of Puerto Rico than any other strong shock in its
history.

The western half of Puerto Rico may expect moderate damage
at relatively frequent intervals from submarine shocks which
follow approximately the 67.10 meridian in the areas west and
northwest of the island. Seismographic data reveal shocks of
the following magnitude in the last 50 years in this area:

6.2, 6.5, 6.5, 6.8, 7.0, 7.5, and 7.8. They originated from
10 to 60 miles offshore.

In the eastern area a submarine shock in 1867 estimated
of magnitude 7.5, appears to have originated within the tri-
angle formed by the islands of St. Thomas, St. Croix, and
Vieques. Although 75 miles off the eastern coast of Puerto
Rico, damage was reported from all parts of the island,
especially the eastern portion. Instrumental results indi-
cate a smaller number of strong shocks in the eastern waters
of Puerto Rico than in the waters to the west and northwest.
No shocks of high magnitude have been recorded in the eastern
area in the last 50 years.

Six or eight nondestructive shocks originating within
historic time on the island itself have shaken areas seldom
exceeding 25 miles in radius. They apparently all centered
in the mountainous area halfway between San Juan and Ponce.



Possible Fault Line

Maps indicate that there is a possible fault line approxi-
mately 35-40 miles long, which generally parallels the north
central coast of the island approximately 1-2 miles inland.

The proposed facility will be located some 3-5 miles east and
south of the eastern extremity of the possible fault.

Discussion

The structural portion of the facility has been designed
to accommodate earth movements of the magnitudes indicated
by past recorded experience.

The pool itself is constructed as an integral unit separate
from the floor of the irradiator building and the foundation
walls. The pool is free to move relative to the interior
building, thus minimizing the stresses applied to walls and
floor of the pool during any earth movement.




4,2  BUILDINC LAYOUT

See Appendix B
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4.3 MECHANISM OPERATION

‘.3.1

Description

Refer to Drawing B- 11N7Nn1-nQ2 The source is raised
from the fully shielded (safe) position in the pool to the “"irradiate
positicn by two stainless steel cables attached to the source
rack. These cables run through the ceiling to a pneumatic hoist
system., Return to the fully shielded (safe) position is by gravity
when the air supply is shut off and the pneumatic hoists are
vented. The source rack is guided by two taut stainless steel
cables extending fram the floor of the pool through the ceiling
to the roof. The cables run through quides at each end of the
source rack. The correct "irradiate" position of the source rack
is sensed by the end of the rack activating & microswitch mounted
on one of the guide cables. Each hoist cable passes over two sets
of sheaves. One set of sheaves is fixed, the other is nmoved by
the pneumatic cylinder so as to increase the separation between
the two sets of sheaves thereby hoisting the rack. The hoisting
distance is a function of the preset piston stroke and the number
of sheaves in each set. The "irradiate" position of the source
rack is adjusted to the full stroke of the pneumatic hoist.

Reroving the air supply and venting the pneunatic hoists
permits the weight ¢f the source and rack to force the two sets of
sheaves together. This extends the cable, lowering the source ‘
o the fully shielded (safe) position in the pool. The rate at |
which the source is lowered is govermed by the rate at which air |
is alilowed to exhaust from the pneumatic hoists. This normally
takes arout 25 seconds.

The hoists are located on the roof of the irradiation roam
where they can be serviced at any tire. The only components of
the source system within the radiation room are tle source in
its rack, qude cables, hoist cables and one microswitch. The
rack, guide and hoist cables are not subject tC radiation damage.
Failure of the microswitch will return the source to the
fully shielded (safe) position.

Each hoist cable is 3/16 inch (4.76mm) diameter preformed
and prestressed stainless steel wire rope. The construction 1s
7 strangs of 19 wires each and the breaking strength is rated
at 2,700 pounds (1,678 kg). The weioht of each »f the
two fully loacdec source racks is approximately €00 1b
(272 ke).

Separate guide cables for the rack are 5/16 inch (7.%4 mm)
diameter preformed and prestressed stainless steel wire rope.

The construction is 19 wires twisted into a single strand, |
ané the breaking strencth is rated at 9,000 poinds (4,090 kg). |
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The bottam of each guide cacle is attached to a hook located
at the end of an anchor assembly made {ram 2 stainjess stael
ancles. This assembly is attached to the pool floor by threaded
anchors embedded in the concrete. 7The tops ©f the cuide cables
pass through tubes installed in the concrete oE1ling where they
are held taut by tensioning devices on the roof. The scurce
hoist and guide cables are visually inspected by AMCL-CP at the
time of each source replenishment and by the operator once a
month during the routine preventive mainterance. If any
broken strands or signs of wear are apparent, the source mod-
ules are removed fram the rack by qualified AECL~CP personnel
and stored at the bottom of the pool. The empty source rack
is then raised and cables closely examuned. If necessary, the
darmaged cable 1s replaced.

The guide cables can be removed fram or replaced on the hooxs
on the anchor by use of underwater tocls handled in areas
arove the pool surface where the radiation levels are low.
There 1s no need to empty the pool for cable inspection or
change.

Source Movement Procedure

To raise the source and start the machire, the Operator must
first rectify any faults indicated by the conscle lights. He
must then use the MACHINE key to activate a time delay at the
far end of the radiation roam. This allows har to make a
last inspection and ensures that no one 1s in the roam. He
then has a period of 90 seconds in which to engage the source
hoist air interlock and close the maze door. The irradiation
will start when the MACHINE xey 1s turmed to the START position.
If the time delay runs out before he corpletes this sequence
he must repeat the entire sequence.

The source hoist is controlled by fail-safe interlociks
to prevent the source being raised if correct procedures are
ot followed or faults are indicated by safety devices. During
the machine operaticn, the source will autamatically return
to the fully shielded (safe) position in the event of a
power failure, a loss of air pressure or the actuation of
a safety device.

A power failure when the source 1is up will de-energize
all relays causing the air to exhaust fram the source hoist
system and lower the source. To prevent unnecessary shut-
downs due to power failures of short duration, a pneumatic
timer will restart the machine and raise the source if the
power is off for less than ten seconds. Since the access door
cannot be opened when the power is off, this feature does
not present a radiation hazard to personnel.
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The following unusual occwrences have been considered

and the consequences areé shown tf nOt represent a radiation
hazard. These are to be rectified by qualified AECL~CF
persornel .

al

Scurce cable breaks. The rack would carop w the
bottam of the pool under its own weight. The
resistance of the water would prevent the rack frar
reaching sufficiernt spead two damage the source
elements.

The rack in the fully up irradiate pPOS1tion actuates
& microswitch secured to the quide cable. The
microswitch must be actuated to indicate that the
source is in the correct irradiate position. If the
microswitch is de-actuated, the source moving alarm
will sound. The air is exhausted from the hoist
cylinder allowing rhe rack to retun to the fully
shieldec (safe) position and the machine is shut Sown.

1f the hoist cable breaks, the machine would shut down
because of the de-actuation of the wicroswitch. The
absence of weight pulling on the hoist would prevent
the source down limut switch from being actuated. The
source moving alarm will continue to sound, warming
the cperator of an apnormal cecurrence.

T replace the hoist cable qualified AECL~CP persomnel
would rerove the source modules from the rack. The
sodules ard source pencile would be inspected under-
water fo:mydmgeandsmodatmbotmafm
o0l 1f no damage is apparent. The empty rack would
then be lifted out of the water and inspected for any
damage. The hoist cable would he replaced and the
source moduleg would he reloaded into the rack.

lioist cable jame in hoist, The hoist 1s located

on the roof cuts:de rhe radiation room and 1s readily
accessible. It can pe dismantled and the cable freed
without any perscnnel exposuare,

Source rack sticks on quide cable. The guide cable
can be detached frop the tensioning devices on the
roof ané lowered to the pottom of the pool.

Ubstruction prevents source rack from lowering. Product
is prevented from jaming against or under the rack by
the metal carriers which are quded at the top and
bottam,
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e) Ohstruction above the source rack. The lift capacity
of the hoist is limited by oontrolling the air supply
to it, An obstruction wouid prevent the rack from
reachung the irradiate position within the preset
time, causing it to automatically retizrn to the fully
stored safe position. The irradiator would be shut
dowm.

Electrical Circuitry

All electrical circuits within the radiation room are
low woltage, typically 24V, which is too iow to result in
an electrical shock hazard i the event of radiation damage
+0 insulaticn or other conponents. The wiring is installed
sc that only the final 1€ inches (45 om] connecting to the
preumatic cylinders is ever flexed. LElectrical malfunc-
tiorns due to faiied insulation will blow fuses and shut the
plant down without creating a yaciation hazard.

Pergonnel barriers at the product entry anC exit operings
are autamatically contrclled by the product. Product boxes
»hich obstruct the openings must be present before the
berrier 4oOrs open.

SPREADL CF RADIOACTIVITY DUE TO FORESEEABLE ACCIYDENTS

Airkorme Radioactivity

Jests nave indicatec that in the event of rupture cf a
source gancil comtaining cobalt-60, there will be no air-
borme release of radicactive material. As a precautiom,

a 97¢ absciute filter is placed in the ventilation system,
There ore rnc radjcactive gases present.

in Source Storage Pooi

The pool is & closed system 50 there will be no release
of radicactivity from it to the envirorment.

It is assred thar a leaking sowrce pencil could result

in 1077 uCi/ml in the poocl. This has been discussed in
"Radration levels Due to Foresecable Accidents” part (C)
leaking Souroce Capsule (above). The disintegration of a
source elemert is not considerved possible. The lining of
the pool is such that it can te cleaned by wiping and
vacuuming without hazard . f corducted by qualified personnel.

Source Movement [isp:ays

Closing the maze avor, after the interiocks within the
radiation roam nave heen prope:ly made, isghts a green
MACHINE READY light on the control corsole.
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Jurning the MACHINE keyswitch to START causes the key,
when released, to return to the ON position and yellow
MACHINE ON indicator to light. The creen SOURCE DOWN light
is extinguished and the source travel alamm rings. When the
source is fully raised, as signalled by the miCroswitCh on
+he guide cable, the red SOURCE UP indicator lights and the
source travel alarm stops rincing. Automatic operation of
the conveyor system begins.

RADIATION LEVELS DUE TO FORESEE/BLE ACCIDENTS

a) Source Activity Transported on a Produgt Carrier

The carriers will be stopped by the alarming of the
D/1< monitor when exterior radiation levels reach
approxamately 0.5 mR/h. The maximm activi‘*lies
which can escape undetected are:

i) activicy det~ctadble leaving product
exit doocr -7 ( mCi cctalt-60.

ii) activity detectable 10 feet (3.05m) before
reaching end of maze - 8n,.0 mC{1 cobalt €0.

b) The Source Rack Sticks or Jams

There will be no extermal racaation field greater
than 2at in noiral cperation.

c) leaking Source Capsuie

A maximgm concentration of 1072 uCi/ml is oxpectad.
T™his will deposit on the filter and resin berl of the
water treatTe it plant and could accumilate = 9.5 mCi
in a month.  he radiation field at 1 metre frun the
treatrent p.ar - would therefore not exceed 0.6 mF M,
In any event the L/A2 monIiors would alam 9vd shut
down the jrradiation facility when the preser alamm
level or 0.5 mR4. is reachec.
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SHIELDING ALD CALCULATIONS

RADIATION ROCM SH1ELDING

Permissible Radlation lewels

The snield is designed o attenuate radiation from the
design capacity source to the level reccxmended by the
Intermaticnal Cawrassion on Radiclogical Protection.
Shielding thicknesses are calculaved so that under normal
working conditions no person in the viciniry of the
irradiatcr will receive more than 10 mrem/weex or a
raximm of 500 mren/yeas .

The ocowpancy factor for areas adjacent to the irradiator
shield 18 assumed to e 40 h/week.

Material Specifications
Soncrete density = 2.35 g/m:3 (147 lb/.ft3 )
lead = 11.35 g/em’

Shiield Fenetration

The ventilation duct from the radiation room passes
below the floor and torminates in the egquipment room at the
filter assembly,

Piping serving the water treatment plant and the pool
cooler, exits fram the shielded area in a wench below the
floor. lead wool is used in the trench to reguce <the
radiation field to an acceptable lewe].

The source hoist &nd auide cables pass through the ~oncrete
ceiling in pipes which &re Jjusc large enougn 'O acoomodat 2
them. The pipes are tocatsd in the concrete with lead ghot

packing. In surveys of previous installations, the leakage
along each of these paths has been acceptably low.

In any event, a corplete survey of radiation fields in
all accessible areas around the facility must be carried cut
n the scurce is first raised. Any deficiencies in shielding
must be corrected before the plant is considerad operational.
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.4.2 SHIELDING CALCULATIONS

Radiation levels

The shield fcr the IR]07 irradiator 1s shown on Drawing
8110701-002 ™ e shield 1s cdesigned to attenuate the
radiation fram a 4,000,000 curie cobalt-60 plague source to
sufficiently low levels so that under normal working conditions
no person in the vicinity of the irradiator receives more than
an average of 10 mrem per week or a maximmm of 500 mrem per
year. This 1s the exposure level recammended by the Inter-

national Camwmission on Radiological Protection (1) for
individual members of the public.

To allow full occupancy of 40 hours per week in all areas
adjacent t© the irradiator, the shield is designed to reduce
the average exposure rate with a capacity source to less
than 0.25 mR/h. Radiation levels up to 2.0 mR/h are allowed
ir small areas adjacent to the shield provided that these do
not contribute significantly to the personnel dose. Some of
the areas where exposure rates between 0.25 mR/h and 2.0 mR/h
may be expected are at the edges of the personnel door, at the
product opening, at the floor trench, at the edges of the
roof plug and outside the primary shield at the source
centreline.

when the source 13 in the fully shielded (safe) position,
the average exposure rate inside the radiation room will be !
less than 0.25 mR/h. |

Primary Shielding :

The transmission of cobalt-60 carma radiation in concrete :
is shown in Figures 5.]A and 5.1B, Pages U-17 and 4=18. The exposur
rate fram a 1 curie point source of cobalt-60 is |

1.3x103m/hatlmueandvaries inversely with the square :
of the distance. Concrete thickness for the primary shielding |
was determined by calculating the maximum exposure rate outside

the shielding wall for a point source and correcting for source
geametry and absorption within the source plague. Some sample
calculations are given below:

a) Maximum field outside external wall parallel to source plague.

Coricrete thickness = 74 inches | 88 m, |
Tranamission = 1.4 x 107

Distance fram source centre to exterior surface of
wall® |§ feet 8 inches (5,08 m,



Exposure rate due to point source of 4,000,000
curfes of cobalt-C0 =

9

1.3 x 10% x 4.0 x 108 x(%-%%) 2 1.8 x 1077 « 0.28 mR/N

5elf absorption factor and geometry factor for
transforming point source calculation to that for
13 foot (2,9€m) hiaoh plaque source = 0.7

Maximum exposure rate = 0.20 mR/h

This s within the desion averaane radiation level
of 0.25 mR/h

Maximum field outside wall at end of source plague.
Conerete thickness = 71 inzhes (1.80m).
Transmission = 3.3 x 1077

Assume point source at cantre of source piaque.

Distance from source centre to exterior surface of wall
= 2] feet, (6.40m).

Exposure rate due to point source of 4,000,000 curies
of cobalt-60

1.3 x 10° x 4.0 x 10° (%—'%%) 2 % 3.3 x 10”7 = 0.42 mR/h

Self absorption and ceometry factar at end of source
plague = 0.3

Maximum exposure rate = 0.13 mR/h

This is below the design average radiation level of .25 mR/h.
Additional attenuation provided by oblique transmissionr throucgh
concrete will reduce the averace radiation levelc in the areas
adjacent to the primary shielding to less than 0.25 oR/h with a
capacity source of 4,000,000 curies of cobalt-€0,.

Maze Desian

Accurate calculations of the exposure rate and emergy spectrum
at points along a concrete maze are difficult to perform, At
present detailed calculations of the exposure rate attenuation
in concrete mazes have been confined to two-leagged concrete

ducts(z). The amount of work required for detailed calculations
for mazes with more than one right-anale bend becomes prohibitive
and maze designers must efither rely on measurements to determine
exposure rates at the entrance of a maze with several legs or
must make order of magnitude estimates using purely empirical
formulae.




Sp— R T
. . > -

R I WSS RS RARRAS=N—~

— — P S S———

4-14

Maze entrances for industrial irradiators desicned
by AECL~CP are bhased on both calculations and measurements.
The radiations incident upon the maze walls due to singly-
scattered radiation is calculatecd by dividing the scattering
areas into small segments and calculating the amount of single-
scattered radiation from each segment. The exp sure rate from
the snall scattering area A (Figure 5.2, Pape 4-15) is glven
by:

2 o lE , 8, &, ¢) A cosd

D =
rlr fzz

Where,

a (Eo, ec, &, ¢) is the differential exposure albedo,

A is the area of the scattering surface,

Do is the exposure rate at one unit length from
the source

E_ is the initial energy of the gamma rays from
the source

Values of the differential exposure albedc,

a (E,, 8, 8, ¢) have been calculatsd by Raso 3) using

the Monte Carlo method. Using the Raso data, Chilton

amiﬂu&nnzuxa(‘)¢hwthxndtmn following semi-empirical
equation for the differential exposure albedo,

CE ) Kie ) 102 + E
a (E r e r e' @) - = s S 3 = .
o’ "¢ 1 % cos & _/cos ©

where C(Eo) and C’(EQ) are constants for a given energy
K(&s) is the Klein-Nishina differential energy scattering

coefficient,
& is the angle through whicn the radiation is scattered

and is given bz:
cos és ="sin eO n 9 cos ¢ - COS eo cos 6

For cobait-60 gamma rays, £ = 1.25 MeV

C(1.25 MeV) = 0.0665
c¢'(1.25 Mev) = 0.107

The calculated values of the differential exposure albedo
for cobalt-60 gamma rays have been verified by measurements
at AECL-CP.



The energy of the singly-scattered radiation is given by:

Eo
E= E

1+ ﬁfng (1-cos es)

The required thickness of the maze walls required to attenuate
the singly-scattered radiation of energy, E, to below the design
levels are calculated and corrections for lower energy multiply-
scattered radiation are made using information obtained froum
measurements of the radiation fields in and around mazes

built by AECL-CP.

For the maze walls where no sin }y-scatterﬁd radiation ii
incident and the maximum radiation energy 1s due to doubly-

scattered radiation, an estimate of the incident doubly-
scattered exposure rate is obtained by calculating the scatter
from one wall surface to another surface and then to the maze
wall. The energy of the gamma rays impinging on the second
area is assumed to be the energy of a gamma ray having one
Compton scatter at the centre of the first area and going to
the centre of the second area. For the second scatter, the
parameters”

C(E_ ) and C](EQ) are approximated by

v

¢E ) = 0.0561 €£.9-5% and c'(£ ) = 0.0122 E_
Again, corrections for lower energy multiply-scattered radiation
are made from measurement data

-0.683

Detailed measurements of radiation fields inside mazes have
been performea by AECL-CP for two shieided room facilities

in Ottawa, the irradiator at St. Hilaire, Quebec, and the
fthicon Medical Products Sterilizing Irradiator in Somerville,
New Jersey. In addition, surveys of the exterior radiation
fields are performed on every industrial irradiator built by
AECL-CP. These extensive measurements confirm that the recom-
mended maze shielding provides adequate protection.
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DETECTOR
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4.5 POOL AND WATER TREATMENT SYSTEM

4.5.1 DETAILS OF POOL CONSTRUCTION

Pools used for the wet storage of source pencils in

ARCL-CP industrial irradiators are constructed of re-
¢ inforced concrete water-proofed by a continuwous 4-ply

membrane waterproofing applied to the exterior surface of
the walls and floor. The specifications for membrane
waterproofing and for Flintkote "Yellow Jacket" glass
fibre membrane material are givenin para. 4.5.2. The
pool walls and floor are tested for leakage after the
application of the membrane waterproofing and prior to
backfilling.

The pool is constructed as an integral unit separate
from the floor of the irradiator building and the
foundation walls. The pool is free to move relative to the
irradiator building, thus minimizing the stresses applied
to walls and floor of the pool during any earth movement.

In the unlikely event that a crack should develop
through the pool walls, the rate of water loss from the
pocl would be dependent on such factors as the
permeability of the backfill and subsoil, and the
distance above the water table. Water could be supplied
at a rate greater than the rate of water loss by rumning
hoses into the maze. The water level in the pool would
be maintained at a sufficiently high level to permit
underwater source handling operations. The source
modules could then he removed from the source rack and
the source pencils transferred fram the source modules
into shipping containers lowered to the bottam of the
pool. The pool could then be drained and repaired.

The only foreseen condition that would reruire draining the pool
and placing the sources into temporary storage 1s to repair
a crack in the pool. All other operations including
decontamination can be performed without emptying the
pool. If it is ever necessary to drain the pool, sufficient
shipping containers to temporarily store the entire source
can be shipped from ABCL-CP at short notice. For a
source of 1,000,000 curies of Cobalt 60, three type F-168
source shipping containers, each capable of storing 400,000
curies of Cobalt 60 would be required. There is no
personnel safety hazard during the period between the
development of a crack in the pool and its repair.
Depending on the rate of water loss, the irradiator can
be shut down and personnel prevented from entering the
radiation room or the water in the poul can be maintained
at the proper level by installing temporary auxiliary
supplies and irradiator operations can be continued until
repairs are made.



4-21

The interior walls and bottom of the pocl are lined
with chemical resistant glazed ceramic tile which 1is
corrosion resistant, impermeable to water and easily
decontaminated. They are also resistant to radiation.

MONITORING

The carbon filter and resin beds are continuously
monitored for radicactive contamination. Once a month
the radiation levels are checked with the hand-held
Berthold RATO/F and the results recordec. Any indication
of a change in the amount of radiation present should be
reported in accordance with the "Operating Regulations" to
be supplied.



POOL WATERPROOFING SPECIFICATIONS

EXAMINATION

Befcre the work of membrane waterproofing is commenced, the
sub-contractor is to examine all walls and other surface to
satisfy himself that all materials and finishes are in a
proper condition for him to work over, and that all the proper
waterproofing sleeves and flanges if any are installed for in-
tegration intoc the membrane, where pipes or ducts pass through.

All honeycombing, construction joints, form ties, etc. on the
surfaces to be waterproofed shall be cut out to a depth of at
least 1" and shall be patched with "Embeco".

The waterproofing sub-contractor will be held responsible for
the final water-tightness unless he notifies the General Con-
tractor and the Engineer in writing of defects, before com-
mencing his work. Should this trade start the work without
such notification, it shall be construed as an acceptance

by him of all proceeding and connecting work and '‘as a waiver
of all claims or gquestions as to the suitability of such work
for receiving his membrane waterproofing.

Concrete to receive waterproofing to have a maximum water
content of 20% as ascertained by Inspector.

MATERIALS

Asphalt primer - of the penetrating type meeting CGSB37-GP-9.

Glass Fibre Membrane - shall be an inorganic asphalt impreg-
nated interwoven glass fibre cloth weighing not less than
1.8 oz. per sguare yard. Weave shall be 20 x 10 mesh or,
shall be asphalt saturated cotton fabric weighing not less
than 10 oz. per sguare yard and meeting C.S.A. Specification

Al23.15-1953.
Asphalt - types 1, 2 and 3 - C.S.A. Al23.7.
Protective Board - 7/16" asphalt impregnated fibreboard.

Butyl Rubber - Mark II M.D.N. ASTM-D-412-61-T.
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Butyl Rubber Adhesive - M.B.N. Asphalt or No. 90 M.B.N.

Joint Sealer - Igas Joint Sealer manufactured by Sika
Chemical Corporation - or egqual approved.

PROTECTION

where 1" - 0" widths or projecting membrane are exposed
for lapping purposes at further application, the following
protection will apply:

After the projecting lap membranes have been laid and before
any other traffic uses these areas, lay a complete temporary
covering of building paper lapped 6" at joints, followed by
a complete temporary covering of plywood or other non-flexible

material. These shall only be removed just prior to the further

application of the wall membrane.

7/16" asphalt impregnated particle board shall be applied as
per manufacturer's written specifications over all exposed
membrane where waterproofing comes in contact with backfill
to aveid damage to the finished membrane.

APPLICATION

This work includes the furnishing of all labour, materials,
tools, scaffolding, ladders, plant and other equipment re-
guired to complete the following hot process membrane water-
procfing.

surfaces over which waterproofing is to be applied shall be
smooth and free from loose materials, grease, oil or any
foreign matter. Wash off surface with water hose to assure
freedom from deleterious substances, and allow surfaces to
dry.

All concrete surfaces to be waterproofed shall be primed
with undiluted Asphalt Primer at a rate of one gallon per
square foot.

The application of all waterproofing membrane shall be a full
mopping of each ply, three or more plies as specified of mem-
brane, to the primed concrete surfaces, using not less than
20 pounds of hot asphalt per mopping per 100 square feet,
plus top mopping. In no place shall dry membrane touch dry
membrane.



"All membrane shall be applied without wrinkles or buckles,
making provision for ample lapping etc., as herein-
after specified, or indicated on the drawings.

A 3 Ply glass fibre membrane to be applied to exterior faces
ot all concrete pool walls.

At sump pits and other depressions below the floors, the
membrane shall be 4 ply on walls and under slab, in accord-
ance with above specifications, excepting that one additional
ply of glass fibre and one additional mopping of hot asphalt
shall be applied.

At all edges and angles, apply two extra plies of membrane
in two additional moppings of hot asphalt. Additional plies
of membrane shall be lapped not less than 6" all around.

Where vertical laps are left to be connected, they shall be
temporarily protected with a 1/2" layer of cement mortar or
treated wood plank. When connections with laps are made,
laps shall be carefully cleaned and dried before proceeding
with the work.

Provide extra plies carefully cut and fitted, and lapped
onto pipe sleeves that pass through basement walls, trenches,
sumps or pits. All gaps between pipes and sleeves shall be
carefully caulked and made watertight.

Lay 1-1/2" insulation over waterproofing under arcade walk
according to manufacturer § instructions for this type of
application.

DEFECTIVE WORK

Work which has been applied poorly or has become defective
before backfilling or other covering, is to be either re-

moved or is to have additional layers of material applied

until acceptable.
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WATER TREATMENT PLANT SPECIFICATIONS

TYPICAL RAW WATER ANALYSIS

Alkalinity as CaCo; Less than 100
lon as Fe Less then ]
Calcium as Calo: Less than 120
Free Chlorine as Cl; Less than ]
Total Hardness as (aCo; Less than 50
Turbidity Less than 10
Dissclved Organic Material Less than ]
Colour Less than 15
Total Solids Less than 150
Ph Factor 6.5 to 8.0
NOTE:

To deteamine the capacity of the water treatment plant,
twe [2) one-hal{ pint water samples «n clean coniainers
should be sent Lo AECL dor analuys<s

WATER TREATMENT PLANT CHARACTERISTICS

ny

(8%}

Carbon Filter Bed - approximately 12 inches diameter.

Two Bed Demineralizer - exchange capacity greater than
1,000,000 milligrams as CaCo,.

Quality of effluent using raw water better than

10 micromhos/cm. Beds approximately 12 inches diameter.
Flow Pate - maximum 26 1pm (7.0 U.S. gpm).

Working Pressure - 3.5 Kg/cm? (50 psig)
Maximum Pressure is 5.6 Kg/cm® (80 psig)

pom
ppm
ppm
pom
ppm
ppm
ppm
ppm
ppm
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WATER TREATMENT PLANT DESCRIPTION

f—
.

Plant approximate dimensions are 1.1 m wide x 0.5 m deep
x 1.5 m high (42 inches W x 19 inches D x 60 inches H).

2. Complete plant is skid mounted anc completely assembled
ith all necessary water controls and flow meter. The raw
water supply line, drain line, pool discharge line,
recirculation line and 21l electrical wiring may be
hooked up directly to the plant services. The drain system
must be of acid resistant construction.

3. A1l valves and controls are located and accessible at
the front of the plant.

4. An electrical control box containing a control relay,
transformer, shut off switch and fuses is supplied and
instalied by AECL.

o

A pump motor starter is supplied and installed by AECL.

CARBON AND RESIN SPECIFICATIONS

1. Carbon Bed - 2 cubic feet of high density large grain
activate  --~bon.

2. Cation Resin - 2 cubic feet of DOWEX 50-8-W or equal .-

3. Anion Kesin - 2 cubic feet of DOWEX 21-K or equal.
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4.6.1
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VENTILATION SYSTEM

DESIGN BASIS

The system must: ‘.
a) maintain humidity at a low level,
b) prevent ozone from escaping down the maze,

¢c) maintain the ozone concentration within the
radiation roam low enouch that the operator
can safely enter the room as soon as the
source has reached the fully shielded (safe)
position.

The intakes, ducting and exhaust are laid out as
described in Dwg. B110701-007 The location and

height of the exhaust stack is such that the discharged

air cannot be drawn into nearby ventilation intakes.

Proper operation of the irradiator ventilation sys
is monitored by a pitot tube in the 12 inch (304.8 mm)

tem

diameter ducting above the filte- assembly and manameters

at the pitot tube and across the pre-filter and the
absolute filter. The air flow through the ventilation

unit is adjusted by setting the damper to give an exhaust

3

rate of 2200ft  /minute (62.3 m3,‘minute) . This corresponds

to a linear velocity of 2800 ft/munute (854 m/minute) a
pitot tube equivalent to a pressure drop wf 0.136 inch
(3.45 mm) of water.

t the

The rressure érop across the pre-Iilter and across the
L S

absolute filter can be checrec rou
manometers installed across the filters. Clogging cf

nely by reading the

the

filters is indicated by an increase in the pressure crop.
When the pressure drop exceeds 3 inches (76.2 mm), the

filter is changed.

Proper operation of the ventilation fan is monitored
by an air flow switch installed in the filter body. 1If no
air flow is indicated, the source 18 returmned to the fully

shielded (safe) position and the machine is shut down.

. The ventilation system is 1tself interlocked to a
temperature sensor so that a high temperature condition in

the radiation room will stop the ventilation system.

No auxiliary ventilation system is included.



NOXIOUS GAS PRODUCTION AND CONTROL

Allowable Concentration Versus Expectec Production
GAS ALILOWABLE /WORKING DAY EXPECTED WHEN SOURCE 1S UP

Ozone 0.1 ppm* 0.6 ppm

m2 S. ppm* 60 ppb

H.2 <4y *** zero

o American Conference of Governmental Industrial Hygienists

.k US OSHA
s*+ I1power Limat of flammability

The production of ozone is 1.2 x 103 standard m>/m per million
curies of cobalt~60. Radiation roam air is exhausted at 2200

feet 3 /min for approximately 4.€ minutes per camplete air
change. The concentraticon of ozone will therefcre be
adequately low by the time the operator can enter the
radiation roam.

The recombination rate of radiolytically produced i'l2 18
high enocugh that essentially no H, escapes from the water. The
production of N02 is less than 60 ppb which does not represent

a hazard.

CONTROL BY VENTILATION AND LOWERING OF SOURCE

Ozone and N02 production takes place when the source is

exposed., As shown in preceding page, their levels will be
controlled by operaticn of the ventilation system. In the
event of this system failing the source is automatically
lowered to fully shielded (safe) storage in the pool.




4.7 SAFETY DEVICES - SUMMARY

(Rerer To DrawinGg B11C7010026)

The control system contains interlocks which will prevent
start-up if correct procedure is not followed. Existing
faults are annunciated at the control console. They must
be rectified before start-up can take place. Similarly,
faults which develop during operation, will automatically
return the source to the SOURCE DOWN position and stop all
conveyors. The problem may be diagnosed from the displays
on the console. )

4,7.1 MacHINE KeEY
One key is used tc operate all circuits as follows:
a) the POWER keyswitch
b) the MACHINE keyswitch
c) the MAINTENANCE keyswitch
d) the STAKT=-UP tiﬁér keyswitch

This key also unlocks the personnel door to the
maze.

IMPORTANT = only one key should be used. This key
must be attached permanently to a hand=-
held radiation monitor. Duplicate keys
must be kept by the supervisor for emer-
gengy use only.

4.7.2 Maze Door Lock
The maze door can be opened from the outside only
a) with the MACHINE key

b) after POWER has been turned ON

€) when the source rack is in the "safe" position

d) when the cell monitor has been shown by test to
be operating properly and no abnormal radiation
field is present in the irradiation room.

This door may be opened from the inside at any time.




Source HoisT VALVE

A safety chain across the maze just inside the door
is mechanically interlocked with the source hoist
air valve. Unless this chain is in place air can
not be supplied to the source hoist to raise the
source. ' '

Emercency Stop CABLE AND ButTow

A pull-cable runs along the maze and three walls of
the irradiation room. If pulled, all conveyors will
stop and the source will be lowered automatically.
An emeryency STOP button on the console performs

the same safety functions.

Fixep RapiATION MONITORS

A Model L118 Radiation Monitor is located alongside
the Maze Door. Its radiation sensor is located in
the irradiation room to sense radiation fields in

the room when the source is down. The monitor
circuit must be tested, by increasing the sensitivity
to cause an alarm condition every time the door is to
be opened. The monitor interlock prevents the door
from being opened and sounds an alarm horn if there

?:ehabnormal radiation fields. There is an indicator
ight. :

A Model D/L2 No. 119 monitor is mounted at the product
exit door. 1Its sensor is located so as to monitor

the radiation inside the maze door. Its purpose

is to confine any radiocactive material within the
biological shield by stopping the conveyor. The
source will also be lowered and a high pitched

alarm sounded.

The carbon filter and resin beds are continuously
monitored for radiocactive contamination. Once a
month the radiation levels are checked with the
handheld Bertheld RATO/F and the results recorded.
Any indication of a change in the amount of radia-
tion present should be reported in accordance with
the "Operating Regulations" to be supplied.
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4,7.6 Start-Up TIMER

A 90 second timer which must be started with the
MACHINE key is located at the far end of the ir-
radiation room so that the operator ensures that
the conveyors are correctly loaded and that no one
remains in the room. If the start-up procedure is
not completed within the time limit or any emer-
gency device is actuated the start-up procedure
must be repeated. The green MACHINE READY light
is illuminated only after the maze door is closed.
A warning bell rings during the timing period,

and a4 light flashes in the irradiator.

4.7.7  Source MovING ALARM

When the source is either DOWN or UP its position

is annunciated by console lights; while it is in
trangit a source moving alarm bell replaces those
light signals. A "Radiation Warning" light adjacent
to the maze door is illuminated when the source is
not in its "safe" position.

4,7.8 Sourcte Rack Guipe CaBLES

If the source rack should jam, the tension on the
guide cables can be relieved from outside the ir=-
radiation cell to permit the rack to be set free.

4.7.9 PooL WATER LEVEL

The water level in the pool is automatically main-
tained within pre-set levels by a switch controlling
a water make-up line. The cell monitor will detect
an increase in background radiation if the water
level drops significantly while the source is in

the down position.

A raw water meter measures and records the amount
of make-up water being automatically introduced
into the pool.

4,7.10 In-CeLL TEMPERATURE SENSOR

A temperature sensor located in the radiation room
will actuate if a rise in temperature of 409F (22°9C)
above ambient occurs. Actuation of this sensor will
cause the source to be lowered into the fully shielded
(safe) position, stop the product pass system and shut
down the room ventilation system.



The radiation room walls, ceiling and floor are
constructed of concrete as shown on the drawing.
The equipment inside the radiation room is mainly
metal with a small amount of organic material such
as insulation on wires, etc. This organic material
will not sustain combustion when the ignition
source is removed.

SECURITY SYSTEM

The irradiator system has been designed for total
automation and hence unattended operation. The
input accumulater conveyor can hold some 18 loaded
carriers, ready for processing. These are fed into
the irradiator in a controlled sequence, and com-
pleted carriers are directed into the output
accumulator. Any malfunction--inside or outside

of the irradiator--will automatically cause the
source to return to the storage position.

We do plan to have unattended operation.
The security system planned includes the following:

(1) The property is surrounded by a 6' high
chain-link mesh fence, topped with l-foot
high barbed wire (three strands, off-set).

All doors and windows which give access to

the warehouse area, which houses the irradia-
tor, will be interlocked with a burglar a'arm
system. Any violation of the system auto-
matically triggers a telephone system to call
the plant manager or the licensed operator

who is designated to be on standby and respond
to abnormal operations for that period. The
system also ties into the local police station,
giving them notification of a possible un-
authorized entry.

If unauthorized access is made into the ware-
house, the security syetem relating to the
irradiator itself will prevent entry into the
unit while the source is exposed.

Roor PLuc INTERLOCK

An interlock on the roof plug senses when the plug
is in the fully seated position. The source cannot
be raised unless the plug is in its fully seated
position.
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WASTE DISPOSAL

COLLECTION, STORAGE AND D1SPOSAL OF
RADIOACTIVE WASTES

Contaminated Pool Water

This will be cleaned by passing it through a
specially designed treatment plant. The radio-
activity will accumulate in the filter and resin
bed.

Contaminated Solid Wastes

These will consist of filters and resins con-
taminated during the cleaning up of any spill.
Other contaminated waste expected would be rags
and styrofoam pads used for removing contamina-
tion from pool walls, source rack and other
irradiator components.

These contaminated wastes would be stored in
steel drums or shielded containers and disposed
of as directed by the national regulatory bodies.

All radiocactive source material to be returned
to Atomic Energy of Canada Limited - Commercial
Products, for disposal.

COMMENT - normal operation of the plant produces
no radioactively contaminated wastes.



PART 6 - RADIATION PROTECTION PROGRAM

6.1 INTRODUCTION
A basic Isomedix, Inc. philosophy is to limit

radiation exposure of employees and the public to the
lowest levels possible within the scope of all applicable
regulations for protection against radiation. This

philosophy is implemented in the following ways:

a. Design of operating procedures to minimize

radiation safety hazards.

b. Continuous radiological surveillance of

operational activities.

Cs Establishment of effective administrative

procedures, including emergency actions.

d. Utilization of competent, well-trained

personnel.

e. Use of well-tested and reliable equipment.
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6.2.1

6.2.2
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ORGANIZATION

Operations
The chief operating officer of Isomedix

(Puerto Rico), Inc. is the Plant Manager. He
is responsible for the safe and continuous
functioning of all aspects of the company's
operations, including Radiation Safety. He
reports to the Corporate Radiation Protection
Officer (see organization chart, p. 6-7).

Radiation Protection

The on-site Radiation Protection Cfficer,
if other than the Plant Manager, reports to the
Corporate Radiation Protection Officer and as
such, has direct authority to regulate operations
when necessary to achieve adequate radlation
protecticn control.

The responsibilities of the Corporate

Radiation Protection Officer include:

a. Development of Isomedix's radiation

protection program.

b. Surveillance of conditions affecting radia-
tion protection, including source inventory
and control, facility radiation monitoring,

and personnel monitoring.

c. Training employees and the public in radia-

tion protection principles and practices.



6.2.3

Coordination of emergency actions.
Maintenance of radiation protection records.

Licensing actions and liaison with the federal
regulatory authorities. Periodic inspections
of the Isomedix (Puerto Rico), Inc. Radiation
Protection Officer's files and records will

be made by George R. Dietz, John Masefield,
William M. Owens and/or George B. Baker to
assure compliance with license requirements

and company standards.

Maintenance of Safe Working Conditions

6.2.3.1 Source Inventory and Control

$:.203:d Procurement

Each purchase order for radicactive
material is approved by the Corporate
Radiation Protection Officer to aid in
determining that possession limits are
not exceeded,

6.2.3.3 Inventory
Upon receipt or shipment of radio-~

active material, a copy of the receiving,

shipping or transfer ticket is sent to
the Radiation Protection Officer who
enters the material into or removes it

trom inventory.




6.2.4
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ggntaninutian Detecticn Procedures

6.2.4.1 Source Wipe Testing

In the absence of a certificate from e
transferror indicating that a test for leakage
and/or contamination has been macde withia six
months prior to a transfer to !somedix, Inec.,
each source 1s lg’k tested upon arrival at
Isomedix. Also, prior to removal or shipment,
and in any case, at intervals not to exceed
six months, sources are wipe tested, (Procedures
are detailed in Section 8.2.5, p. 8-16).

6.2.4.2 Irradiator Wipe Test

Wipe testing of walls in the irradiator
is accomplished on a monthly basis a&s foilows:

a. Using a clean, dry, cotton swab or
filter disc, thoroughly wipe several
representative accessible surfaces of
the irradiatoer and exhaust filter.

b. Place the sample in a clear plastic
vial or enveiope and remove from the
irradiator,

e Measure with a RATO/F ar equivalent
neter. If reading is over 2 millirad
per hour, notify R.P.C. New Jersey.
1f below 1 millirad per hour, wrap
and send samples to R.P.0. New Jersey
for counting and determination of

activity.
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d. Procedure ior counting is ouatlined ia
Section 8.2.5.4, p. 8-15,

$.2.4.3 Routine Checks

In addition to the covstenc checks Uf the
safety devices and systems made dy Oyeral ions per-
sonnel and the continuous displa. of srea vadiration
monitoring, the Radiation Protect’ un 0fficer rakes
the following checks;

a. Visual Inspection

Although inspections of the irradiator ard
discussions with operations personnel ace wad:
daily on an informal basis, regular inspections
are conducted. These inepections consist of dis-
cui ‘.ons with operations personnel about current
and future work, observation of ventilation,
monjtoring, water and other controls, checking
of the condition of irradiator equipment and
confirmation that posted operating procedures
are being followed.

b. Daily Operation Check

1. Visual checks by Operator to assure
indicator lights are not burned out.

2. Determinatinn that major systems
are fuynctioning during normal
operations.

C. Other Periodic Inspections

Weekly, monthly, quarterly, semi-annual and

angual checklists have alss been deveioped to

R R R R R R R R R R R R RO R R IR R R R R R RO R RO R R R R R RO R RO RO R R R R R R R R R R R R RO R RN RN —

e g
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assure safe and unint¢ crupted operation of the
irvadiator.

Se#/ ' .on 7 outlines the daily, weekl, anA
monthly radiation safety checks. Quarterly,
semi-annual and annual checks, which percain

to mechari¢al operation, have been omitted.
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PART 7 - OPERATIONAL AND SAFETY CHECKS

7.1  IRRADIATOR ENTRY

Prior to each initial entry into the
irradiator, the operator will complete
the following "Irradiator Entry Safety
Check".

(The Safety Check list follows the entry
log.)

When the safety check is completed, the
operator may enter the irradiator,
carrying the hand-held meter.
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TRRADIATOR ENTKY SAFETY CHECK LOG - ISOMEDIX - SPARTANBURG

(To be performed prior to each entry into irradiator)

Control console "Source Down" light should be illuminated.

Flashing "Source Up" light should be off.

w3ource moving" light and audible alarms should be off.

1a-cell probe should indicate a radiution field of normal
background only. %

in-cell probe should be tested to contirm it is operational.

The portable survey instrument should be turned on and tested

with the check source to be sure It is functional,

after opening the personnel contry door, the eir coupling shuuld

be disconnected to cut off air supply to the source hoist mechanicm,

when these safety checks are made and the safety system is
determined to be functional, the irradiator may be entered
using the approved ircadiator entry procedure.

TIME SYSTEM FUNCTIONAL (Yes or No w/Comment)
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SAFETY & MAINTENANCE RELATED CHECKS

It is self-evident that preventive
maintenance on botn the safety and
mechanical systems ©of the irradiator
will greatly assist in unit operation
in the safest and most economical
manner.

The following formalized Weekly and
Monthly Operational Check-lists

do not obviate the requirement that
the operator exercise a continuous

daily otwervance of operations and

systems, und cause’ their repair or

replacement on an as-needed basis.



3.
4.

10.

7.2.1  WEEKLY SAFETY/MAINTENANCE CHECK

DATE
INSPECTOR _

ITEM

Visually inspect control panel. All

lights and indicators shculd be working

correctly.

Attempt to open personnel door with key,
with source up. Door should not open.

Source-up light should be flashing.

Press Emergency Stop Button. Source
moving bell should alarm, "source up"
light should extinguish, and "source
moving” light should illuminite.

After source travel (approximately
30 seconds) "source moving* light
should extinguish and "source down"
light should illuminate. Flashing
“source up" light should extinguish.

Attempt to open door without perform=-
ing the radiation monitor check.
Door should not unlock.

Perform monitor check and copen door.
Disconnect source hoist air line
and inspect for damage, wear, etc.

Enter cell in approved manner, with
monitor. Check radiation level over
pool. Record reading at pool
surface .

Depress pool water level control switch.
Audible and visual alarms should sound

at the control panel, the pump should
stop, and makeup water should flow
into the pool.

Inspect skimmer and remove debris as
required.

Page 1 of 2

COMMENT
(0K OR OTHER)
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WEEKLY SAFETY/MAINTENANCE CHECK

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ITEM

Generally inspect the pool, source and
mechanism for obvious faults.

With the key, activate the startup
delay timer. An audible alarm should
sound, and the warning light :hould
begin to flash.

Exit the irradiator, hook up the air
hose, and close the door. Allow the
delay timer to time out and attempt

to raise source. Source should not

raise.

Reenter the irradiator and start the
delay timer. Exit, hook up the air
hose, leave the door open and activate
the "source up" switch. Source should
not raise.

Close door and activate source.
Observe control panel lights for
correct operation. Source moving
alarm should scund.

Inspect carrier docr operation. They
should sequence open and closed with
carrier movement.

Inspect air compressor for correct

oil level in crankcase. Check for
leaks. Clean air filter. Check V-belt
for wear and tension. Check filter
pressures. If above 3.0", filter

must be changed.

Check water treatment plant. Record
incoming and outgoing

water conductivity. Check for correct

flow rate, no leaks, and general
correct operation.

Check air line lubricators and filters.
Refill if necessary. Check for air
and oil leaks.

Visually inspect product carriers,
storage conveyors and cylinders, and
load/unload stations, for normal or
routine operation.

Page 2 of 2
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COMMENT
(OK OR OTHER)
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7.2,2  MONTHLY SAFETY/MAINTENANCE CHECK

DATE
INSPECTOR
COMMENT
Item (OK or Other)
Use the portable survey meter AIR BANK
and check air filter banks
and water filter and resin WATER BANK

beds. Record readings.

Lower source and enter irradiator.
Attach a line to the emergency
cable, and run line to outside.
Start up irradiator in normal
manner. After source begins to
move, pull the line. The
emergency cable action should
cause the source to lower.

Check source hoist and guide
cables for broken strands,
fraying or signs of wear.
(Report defects immediately.)

Check that the limit switch
on the outlet conveyor shuts
down the machine for a "fully
loaded" condition.

With the source down, expose
the irradiation room monitor
probe to the test source.
The alarm will sound. Close
personnel door. Door should
not be able to be opened
from the outside. Door
should be able to be opened
from the inside.

Page 1 of 2



MONTHLY SAFETY/MAINTENANCE CHECK

Expose the maze monitor to
the test source. An alarm
will sound.

Check ventilation system
belts for wear and stretch.
Lubricate moving parts.

Check the Monorail Drive unit
motor for overheating.
Inspect V-belt for wear

and slipping. Check clutch
for slipping.

Inspect source hoist motor,
windup and cable for wear,
broken strands.

Page 2 of 2




3 PART 8 - OPERATING PROCECURES 8-1

r 8.1

NORMAL OPERATION

3 .1.1 NORMAL START-UP

Normal start-up is defined as the commencement of oper-
ations not dictated by faulty or abnormal conditions.

To start the machine, the operator should proceed as
follows:

In the Eguipment Room

Turn on the main power supply to the control power trans-
former.

At the Control Console

1.

Using the MACHINE key,- turn the POWER keyswitch to
the "RESET" position and release. The RESET/POWER
TRIP indicator will briefly illuminate.

NOTE: the radiation alarm may signal for a short
period until the irradiation room monitor
capacitors have fully charged.

Check the FAULT INDICATORS:

a) SOURCE RACK/MONITOR

b) LOW AIR/SAFETY STOP

c) HIGH TEMP/EXHAUST FAN

d) SAFETY TIMER/INTERN CONV

e) LOAD/UNLOAD

1f any of these indicators are illuminated, a fault

exists and must be rectified before proceeding (refer

to "AUTOMATIC FAULT SHUT-DOWN").

Check that the irradiation room monitor, located at

the maze door, is functioning as indicated by the
flashing of the lamp and that the indicated radiation

level is normal. If the radiation level is not normal,

NET13
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or if an alarm condition is indicated, leave the facility
immediately (refer to "CONTAMINATION DETECTION PROCE-
DURES" in this manual).

Check that the black hand on the MASTER CONTROL is set
to its correct position. If the setting is incorrect,
obtain the TIMER key from the facility supervisor and
alter the time cycle accordingly.

Set the OVERDOSE CONTROL to a duration approximately
20% longer than that set on the MASTER CONTROL. The
same TIMER key that is used to set the MASTER TIMER
is used for this purpose.

Return the TIMER key to the facility supervisor.

Check that carriers are available on the inlet conveyor
and that the outlet conveyor is clear.

Proceed as outlined in Figure 3.1 "ENTRY PROCEDURE".
NOTE: The maze door can not be opened if,

a) the monitor has not been tested, or

b) the radiation alarm is signalling, or

c) the source is not in the fully down position.

IMPORTANT

When entering the maze:

If a noticeable increage in the audio output of the
portable monitor ie.evident, leave and close the
maze door, notify the facility supervisor immedi-
ately. The supervisor will check the radiation
levels with the survey meter and will notify Atomic
Energy of Canada Limited - Commercial Products of
unusual conditione or incidents.

Do not enter the irradiation room.



o

POST IN A PROMINENT POSITION CLOSE TO THE CONTROL CONSOLE AND AT THE MAZE ENTRANCE DOOR

IMPORTANT

DO NOT ENTER
THE IRRADIATION CELL

WITHOUT AN
AUTHORIZED OPERATOR

EMERGENCY CONDITIONS

IF RADIATION MONITOR ALARM SIGNALS [LOUD CLAXON)
OR SOURCE MOYEMENT BELL SOUNDS
TAKE THE FOLLOWING ACTION

(A) PERSONNEL IN MAZE OR IRRADIATION CELL

PULL SAFETY CABLE ON WALL AND LEAVE FACILITY MMMEDIATELY
CLOSE MAZE DOOK BELHIND YOU

(B) PERSONNEL IN THE CONTROL AREA

PUSH THE RED EMERGENCY STOP BUTTON ON THE CONTROL CONSOLE PANEL.
FOR EMERGENCY SERVICE, CONTACT

ATOMIC ENERGY OF CANADA LIMITED, COMMERCIAL PRODUCTS, OTTAWA CANADA
CABLENEMOTA TELEPHONE |613) 592-2790 TELEX 053-4162

COBALT 60 IRRADIATOR
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the Irradiation Room

Ensure that the pneumatic cylinders are in their
normal start-up positions as indicated by green
lights in the console display.

Ensure that the maze conveyor is in the start-up
position,

Under normal conditions, there should be no personnel
in the irradiation room. However, a check must be
made to ensure that the room has been vacated.

NOTE: The operator must lead all visitors when they
are entering the cell and follow behind when
they are leaving.

Actuate the SAFETY TIMER keyswitch using the MACHINE
key. This will start the 90 second safety timer. An
audible device will operate while the timer is running.

Leave the room (at a normal walking pace) making
certain to engage the sQurce hoist air interlock
and to close the maze door on the way out. Closing
the maze door will illuminate the MACHINE READY
indicator on the control console provided the
safety timer is still running.

NOTE: If the safety timer runs out before the machine
is started, the start-up procedure will have to
be repeated.

Starting the Irradiator

1.

Check that all green indicators are illuminated and
that all red FAULT INDICATORS are extinguicshed. If
either condition does not exist, the fault must be
rectified before proceeding.

Turn the MACHINE keysvitch to the "Start" position
and release. The key will return to the "On" posi-
tion and the MACHINE ON indicator will illuminate.
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The source will begin to rise as indicated by the
ringing of the source travel alarm and the ex-
tinguishing of the SOURCE DOWN indicator. When

the source is in the fully up position, the red
SOURCE UP indicator will illuminate and the source
travel alarm will stop ringing. Automatic operation
of the machine will begin.

3. Make a complete entry in the Log Book. Entries should
include the date, time of start-up, cycle time, box
number, and other information required on sample log
sheet.

3.1.2 NORMAL SHUT-DOWN :

Normal shut-down is defined as the termination of opera-
tions not dictated by faulty or abnormal conditions.

To shut-down the machine, the operator must:

1. Turn the MACHINE keyswitch to the "Off" position
when the machine has reached the end of a cycle.
The MASTER CONTROL timer will reach zero and the
source will begin to lower {(the SOURCE UP indicator
will extinguish) and the source travel alarm will
signal.

2. When the source is in the fully down position (after
the green SOURCE DOWN light illuminates and the source
travel alarm stops ringing), remove the MACHINE key
from the MACHINE keyswitch. The POWER keyswitch
should be kept "On" at all times in order to keep
the irradiation room monitor operating.

8,1,3 EMERGENCY SHUT-DOWN

a) Press the emergency STOP button on the control console,
or

b) Turn "Off" the MAINTENANCE keyswitch (if being used),
or

c) Turn "Off" the POWER keyswitch.
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d) Pull the emergency PULL cable.

AUTOMATIC FAULT SHUT-DOWN

During operation, a number of fault conditions or abnormal
occurrences may cause the irradiator to automatically shut-
down. In this event, the cause will be indicated by the
illumination of one or more of the FAULT INDICATORS on the
control console.

IMPORTANT

In the event of either a "Source Rack" or a "Monitor"
shut-down, the operator must notify the facility sup-
ervisor immediately.

In the case of a "Monitor" shut-down, the supervisor
will check the radiation levels with a survey meter
and will notify Atomic Energy of Canada Limited-
Commercial Products of unusual conditions cr inci-
dents.

For either shut-down, the resumption of normal operations
i8 subjeet to the supervisor's approval.

The indicator(s) will remain illuminated until the fault

is rectified and the POWER keyswitch is turned to the
“Reset" position and released.

If the irradiation room must be entered in order to rectify
the fault, make certain that the "ENTRY PROCEDURE", Figure
3.1 is adhered to.

To correct the problem:

1. Rectify the fault.‘

2. "Reset" the POWER keyswitch.

3. Turn the MACHINE keyswitch to the "Start" position
and release.

The machine will resume normal operation.
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8.2 PROCEDURE FOR OTHER OPERATIONS

8.2.1 CHECK OUT PROCEDURE PRIOR TO
COBALT-60 INSTALLATION.

As each taclilty component ls Installed It s
checked for correct operation before proceeding
with the next stage of ussemily, These component
checks Include, '

1, A full operation check out of the source rack
(unloaded), Limit switch settings are ad|usted
10 provida’smcoth operation and the rack Is
cycled at least 20 times.

2. The ventilation fan is checked for satisfactory
operation and filters are Installed.

© 3, Standby compressor’ operation. (If installed)

4. Water level float switch and water filtration
unit,

6. Interlock procedures and safety switches, The
start-up procedures are simulated and machine

functions are checked for satisfactory opera.
tion, All safety interlocks, emergency stops

3, The complete conveaying system (using dummy
and alarms, are actuated to check for correct
' operation,

|

\

|

|

product boxes) for smooth eperation,

7. The monltor Is checked using the fest souree. 1




8.2.2

CHECK OUT PROCEDURE AFTER INITIAL

COBALT-60 INSTALLATION.

The operating area i3 monitored with an
appropriate survey meter during and after
source replenishment. The source penciis and
associated components are wipe tested “in
sitg”,

The first tima that the radiation sourcu s ralsed

from the pool tha following items must be
checked:

a) The correct Interlock procedure is carried
out and authorized persons only are in
attendance during the test,

1) The sourcn is rabvod with the "Scurnce” hoy.
wwitch (without conveyor opuration), The
survey meter ls checked for radiation
readings,

¢) A complete radiation survey of the building
ls conducted with the source in the raised
position,

The source rack s then lowered. The onlior
is recheched using the test source,

Final test of complete machine.

8-8
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RECEIPT OF RADIOACTIVE MATERIAL IN CASKS

Cask unloading will require the physical presence
of the PPO to supervise operations. Pocket dosimeters
and film badges will be worn by participating per-

sonnel.

1, Survey the exterior of the cask while on the
vehicle with a survey meter (RATO/F or equivalent
type) . Radiation level should not exceed 10
millirad at one meter from the cask's surface.

If this rate is exceeded, the shipper will be
notified to determine possible causes and courses

of action.

2. Smear the cask surface and truck bed in five

or more locations. Count with RATO/F.

3. If smears read more than 0.1 mrem source shipper
will be notified to determine courses of action
including rejection of shipment. Truck driver

will be held until the problem is resolved.

4. I1f removable contamination limits (Item 3) and
radiation levels (Item 2) are acceptable, unlash
the cask. An overhead crane or mobile crane

will be used as appropriate.

5. Move cask into designated area. If reading at
cask surface is less than 2 millirad per hour,

cask may be placed in unrestricted storage.
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Place radioactive sign on cask. If surface
dose rate is between 2 and 10 millirad per
hour a rope barrier will be established at

the 2 millirad distance and a radioactive

sign will be hung from it.
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PLACING THE CASK IN THE POOL IRRADIATOR
AND UNLOADING SOURCE BASKET

This operation will require the physical presence
of the RPO to supervise operations. RPO will use
RATO/F meter to continually monitor radiation levels

at pool surface.

3. Lower underwater light into pool or use high

intcsity dry lamp on surface.

- Remove any conveying equipment on the irradiator
floor directly beneath the stepped roof plug to
permit easy access by the cask into the source

storage pool.

3. Remove any obstructions from where cask will be

placed in bottom of pool.

4. Utilizing a mobile crane, remove the roof plug

from the irradiator roof.

5. Utilizing the mobile crane, lift the cask above
the roof level, position it over the opening in
the irradiator roof and from the roof of the
building direct the crane operator as the cask

is being lowered.

6. Cask is lowered to approximately floor level

of the irradiation room.

7. From inside of the irradiator remove bolts
securing the cask lid while cask is still

suspended from the mobile crane.



lo.

11.

12.

13.

14.

15.

16.

Lower cask to bottom of pool.

Using long handled tools, disengage the crane
hooks from the cask and secure them in the

lifting lugs on the cask lid.

Advise crane operator to raise cask lid and set
it to one side of the cask on the pool floor.
Using long handled underwater tools, disengage

crane hooks from cask lid.
Raise crane cables out of working area.

Using long handled tools, remove the basket
holding the irradiation sources from the
shipping cask. CAUTION: DO NOT RAISE THE
HANDLING TOOL ABOVE THE FOINT WHERE THE RED
LINE AT THE 8' MARK IS LEVEL WITH THE SURFACE

OF THE JATER.

Place the sources (in their basket) on the
floor of the pool, well away from the shipping

cask.

Advise crane operator to lower crane. Using

long handled tools, hook the crane to the lid.
Replace 1id on cask.

Using long handled tools, disengage crane hooks
from lid and secure them in the lifting lugs

on the source cask.



17.

18.

19‘

&-12(a)

Guide the crane operator in removing the
shipping cask from the pool, and through the

roof. Monitor cask as it is raised.

Advise crane operator to place empty shipping

cask on parking lot.

Replace stepped plug on top of irradiator.
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8.2.5 SEALED SOURCE LEAK TEST PROCENURES

General In the absence of a certificate from a transfer,
or indication that a test for leakage and/or
contamination has been made within six months prior
to a transfer to Isomedix, each source will be leak
tested upon arrival at Isomedix. After source
receipt, leak tests will be performed on the source

plagque at intervals not exceeding six months.

Specific Information

Name and Address of Individual Performing Leak Test

G. Baker or L. Watlington to take smears;

G. Dietz or designee to perform monitoring at
Isomedix, Inc., 25 Eastmans Road, Parsippany,
New Jersey 07054.

Leak Test Experience of Individuals

Nine years experience doing identical procedure
for Isomedix, New Jersey, plant.

Type of Test

Wipe.

Radiation Detection Instruments Used

RATO/F (or equivalent)

Baird-Atomic Spectrometer, Model 530, with deep
well counter (or equivalent), or Single
Pulse Height Analyzer (Eberline or

Ludlum) .
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GENERAL DESCRIPTION OF PROCEDURE

(Note: The following procedure is currently
being used under lscmedix Licenses 23-15364-01
and -02 in similar facilities in New Jersey,
Chicago and Mississippi)

wipe testing of the source in the pool is conducted

as follows:

1. Attach a closed-cell pad (styrofoam, approximatel,
1 x l'x 1/8" to the e;d of an underwater tool.

2. Rub the pad along the source, and on the accessible
ends of the sources in a source module.

3. Remove the pad fram the pool and check for radiation
with a RATO/F or equivalent meter. Meter should read
below 2mr/hr. If not, call RFPO.

4. If reading in (3) is below lmr/hr, remove pad fram
tool, and allow to dry.

5. Repeat for each module of sources.

6. Send pads to Isamedix, New Jersey, for counting.
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PROCEDURE FOR COUNTING SMEARS AND l
DETERMINING CONTAMINATION LEVELS ‘
1

Swipes are counted using 2 Saird-Atomic Spectrometer,
Model 530, with deep well counter. Results are compared
to counts from a standard .005uci cobalt-60 source,

Item HP-1 from Tracerlab. PRemovable activity, in

microcuries, is calculated as follows:

1. Take background count (BC).

2. Couni standard swab (SS).

3. Then $S-BC = Standard Swab Count.
4. Count Leak Test Swab (LTS).

5. Then LTS-BC = Test Swab Count.

é. Then:

Test Swab Count 2 FRSCEENS.  E
Standard Swap Count 0.005 uca

7. And x = test results in mwicrocuries.

8. Removable contamination should be less than

S

1 x 10°° microcuries.



EMERGENCY PROCEDURES

8,3,1 GENERAL

Although plant facilities and eguipment are
designed to minimize radiation hazards and to
facilitate their control, the possibllity of an
unforeseen accident cannct be overlocked. Radie-
tion monitering systems, through theixr meters and
alarm features, provide warning and measurement
of abnormal conditions to employees and the Radia~
tion Protecticn Officer. Warning of a condition
requiring cmetgenay‘action might also coms from an
operator in his observation of such a candition,
However, in virtually every conceivable instance,
the radiation monitoring system would respongd to

the condition also.

8.3.2 DNADIATION ALARM

If any unexplained audible alarm gounds,
immediately lower source to bottom of poel. Call
radiation protection officer. RPO will moniter
surrounding area with a meter-und attempt to

determine the cause of the alarm .



If the alarm sounds and the cause can be

immediately ascertained and controlled by the
operator, he can firet control the cause and then
reset the =larm system. He will then notify the
RFO or his designee of the situation and circum-
stances surrocunding the incident.

1f the alarm sounds and the cause cannot he
immed{ately ascertained and controlled, personnel
will preoceed to their designated area. The RPQ or
his designee, detcrnd;as the appropriate action
based on a review of the mon{toring system,
ratemeters, and vther available information,
Apprepriate action by a designee could be to keep
pecple assembled or evacuate the area while calil-
ing for further asai;tonce.

Emergency actions selected are based on
limiting radiatien expssures to employees with
reqular restricted area access authorization to
2.5 rem and other employees to .25 rem during
the course of the emergency and its aftermath,
Actions that are considered include: relocation of

sources, erection of temporary barriers or shielding,

arga or bullding evacuation.




3.3.3

8

18

RADIATION OVEREXPOSURE

Copies of this procedure will be
conspicuously posted near the irradiator
entrance door, in the office area, or
in any other conspicuous location

determined by’ the Plant Manager.

The procedure was developed after
consultation with the personnel, doctors

and hospital listed.

The procedure 3is on the following

page.



IX.

RADIATION

EXTREME OVEREXPOSURE - VICTIM UNCONSCIQUS

A.

MODERATE OR SUSPECTED OVEREXPOSURE - VICTIM CONSCIOUS

1f a person is unconscious from an overexposure, immed -°

OVEREXPOSURE

8-19

call the ambulance and tell the driver to take him .
Bayamon Regional Hospital. Call the Bayamon Hospita. .
the problem, and request that Dr. Manuel Martinez be no.ilir

and that he be regquested to come to the hospital.

can be reached at 787-5151.

£scort the victim to the hospital, either in the ambulance or

in your car.

Pr.

ly

[ LA

Mortirn

Following the above, immediately call one of the following:

Luis Watlington (809)
George Baker {609}
George Dietz (201)
John Masefield {201)
Bill Owens (201)

Home

763 9928
859 2753
879 6066
543 2814
625 9521

Work

(809)
(201)
(201)
(201)
(201)

753
887
887
8e7
887

7755
4700
4700
4700
4700

The person notified above in Item C will contact the NRC,
Region II (404-221-4502), and explain the circumstances

with a view toward obtaining the services of either
Dr. Neil Ward or Dr. Thoma, both experts in overexposure,
and both available to NRC on a consulting basis.

A.

Immediately call one of the following:

Watlington, Baker, Dietz, Masefield or Owens
(same as in I(C) above; if none of the above

can be reached on the first try, call the

hospital and take the victim there, and

proceed as in IlA).

Take the actions directed from your contact of the
Actions may include the

above Isomedix people.
following:

1. Taking the victim to the hospital
(Bayamon Regiomal) in your own car.

2. Calling for the ambulance.

3. Notifying Bayamon Regional Hospital, and

telling them co expect the victim, and to

alert emergency.

1f for some reason Isomedix personnel cannot be reached
immediately and other action is taken, be sure to continue
to try to contact Watlington, Baker, Dietz, Masefield or

Owens until at least one has been notified.

o
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EMERGENCY PROCEDURES FOR MALFUNCTIONS
IN AUTOMATED IRRADIATOR

For any malfupncticn in the interior of the
irradiator, personnel safety is maintained as long
as personnel do not enter the chamber. 1In the
event of product or carrier blockage of the source
and the source cannot De returned to its normal
storage position, the following corrective procedures
can be conducced depending on the situation and
source location, under the direction of the RPO.
However, before other action 1is undertaken, the
onsite RPO will take the following action:

1. Notify G. Dietz, W. Owens

J. Masefield or G. Baker.

2. Notify AECL.

The following action may be authorized, but
most likely will not be allowed until AECL repre-
sentatives arrive on-site:

1. 1If source will not lower, raise source to
the fully exposed position.

2. Attempt to lower source again in the normal
manner. ‘

3. If it is determined that a product is blocking
the source from returning tc its storage
position, enter the irradiator roof and
slacken the source rack guide cable tensioners

located at the top of the irradiator roof
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which in tarn will permit the source rack to
float within the constraints of the slackened
cables.

Return to the contrnl console and attempt to
lower the source in the normal manner.

If this cannot be done, a less desirable
procedure can alsc be followed. This involves
the following:

Allow source to remain in irradiation
position. Several days may be required for
the source to deteriorate the product to a
point where it will crumble or virtually
disintegrate. When this point has been
reached, follow the procedures outlined

above to attempt to lower source.
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NOTIFICATION OF INCIDENTS

The Plant Manager or his authorized repre-
sentative shall immediately notify

a. the pertinent licensing authority

b. Isomedix, New Jersey

c. Atomic Energy of Canada Limited,
Ottawa, Ontario

by telephone or telegraph, of any incident
involving any source of radiation possessed
by him and which may have or threatens to
cause a radiation hazard. 1In the event of an
incident which endangeres or threatens to
endanger Plant Personnel or the Public, the
licensing authority may take any steps
necessary to remove the danger. Any further
action to decontaminate the plant and return
it to operating condition will be taken by AECL.
1f for any reason AECL perscnnel cannot
reach the plant in a reasonable time, further
action may be taken by the licensee at the

specific reguest of AECL.
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8.3.6 DECONTAMINATION PROCEDURES

In the event of any indication of contamination ry any of the
monitors or from routine wipe tests, the licensee will immedi-
ately close down the facility, restrict entrance, and quarantine
all products in the suspected area, and will notify Atomic

Energy of Canada Limited by phone. The licensee will immediately
advise the pertinent licensing authority that an incident is
suspected and will effect the safety control measures as listed
below:

) % No immediate attempt shall be made to clean up the
contamination.

2. All windows shall be closed; fans, water filtration plant
and air conditioners shall be shut off, and everyone
shkall leave the facility.

3. All doors shall be closed and locked.

4. All personnel who may have been cuntaminated shall be
thoroughly tested for contamination and immediate steps
taken to rewcve any radiocactive contamination.

S, Entrance to the facility {(or contaminated area) shall be
prochibited except to authorized personnel requiring access
in the performance of their special duties.

6. Under no circumstances shall any unauthorized or untrained
perscns attempt to examine or ¢lean up any "spilled”
radiocactive material.

Fans or ventilating apparatus shall not be used in an attempt
to disperse the radicactive material or its decay products.
Such a maneuver will only disseminate the radiocactive contam-
ination throughout the area.

Atomic Energy of Canada Limited will dispatch qualified per-
sonnel to the site to assess the situation and confirm or deny
the presence of contamination, and will report their findings
to the pertinent licensing authority.

Atomic Energy of Canada Limited, or their Agent, have available,
and will provide i1f necessary, emergency equipment as listed
later in this manual.

If it is confirmed that contamination has been detected, Atomic
Energy of Canada Limited will dispatch a Senior Radiation Pro-
tection Officer together with qualified personnel to institute
corrective action.




EMERGENCY EQUIPMENT

Atomic Energy of Canada Limited, or their Agent,
have available and will provide if necessary, the
emergency equipment listed hereunder:

X. Personnel protective clothing, including
plastic suits, special footwear, plastic
hoods, gloves, etc.

8 Respiratory equipment, including demand air
packs (MSA), canister type respirators, and
supplied air respirators.

. I Decontamincetion supplies, including poly-
ethelene sheeting, disposal bags and con-
tainers.

4. Approved radiation monitoring devices and
personnel exposure dosimeters for all per-
sonnel involved.

5. Instruments of adequate sensitivity for the
measurement of low level beta-gamma contamina-
tion.

6. Area radiation monitors with alarm.

f I General safety protective equipment, such

as safety helmets, gloves, shoes, etc.



EXAMINATION -3
FOR
OPERATOR QUALIFICATION Page 1 of

Name the three common types of radioactive decay
emissions.

Of the three emissions from Question 1 above,
cobalt-60 emits the highly penetrating

Cobalt-60 emits energy which (circle correct answer(s):

(a) Can make other materials radioactive.

(b) Can damage living tissues.

(c) Can penetrate only the human skin.

(d) 1Is identical to X rays, except for the
mechanism by which they are "born".

Regulatory agencies allow limits of exposure for
licensed, badged personnel working in radiation
areas. The acceptable yearly level, if radiation
history is unknown, is:

(a) 12 rem.
(b) 5 rem.
(c) 25 rem.
(d) 500 rem.

True or False (circle)

It is far more detrimental to the body to
receive a 3 rem dose over a two-hour period
as opposed to over a three-year period.

The normally accepted dose of whole body radiation,
over a short period, at which about 50% of the
population would die, is rem. Below

rem, there are no physical detectable effects.

A 30-year old worker joins the staff as an authorized
worker around radiation. In his past work, he has
received a total whole body exposure of 2 rem. Under
the "banking" concept, how many rems should remain to
his credit? .09

Can this worker use up all of his "credit" within the
next three years? Yes No

Define the term "rad".
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Page 2 of

High personnel exposures could cause genetic
effects. What are genetic effects?

What are the three best means of protection from
external exposure?

The dose rate at one foot from a source is 160,000
rads per hour. What is the dose rate at 4 feet?

How often should you zero your pocket dosimeter?

When are the pocket dosimeter and film badge worn?

You are on duty at night and the source automatically
drops during the cycle. However, the access door to the
irradiator will not open because the alert radiation
light is lit. Perhaps the light has malfunctioned.
Your correct course of action is to:

(a) Unscrew the light and enter the cell normally.

(b) Wait until the next shift arrives.

(c) Call the Radiation Protection Officer.

(d) Try to bypass the alarm and enter the chamber
very carefully with a hand-held meter.

It is necessary to enter the irradiation chamber.
You make a test check of the hand-held monitor, and
find that you get no reading response. What action
do you take?

17. A group of important looking visitors arrives
unexpectedly at night and would like to go into
the irradiation chamber to see the mechanism. The
Radiation Protection Officer is temporarily absent
and is expected to return in three hours. What do
you do?




18.

19.

z0.

21.

22.

23.

24.

25.

9-6

Page 3 of 3

While you are working in the control room, you
hear strange scraping sounds coming from the
irradiation chamber. What is your first action?

Irradiation causes a toxic gas to be formed inside
the irradiation chamber. What is it called?

1f you enter the irradiator and the odor is very
noticeable, what is your action?

In any type of actual or suspected radiation
emergency, what is your first action?

1f a source were to leak or rupture, airborne or
waterborne contamination could occur. Name at
least two procedures which could give early warning
of trouble.

In an actual personnel overexposure, where you are
quite sure a person has received an overdose, who
are the three persons Or agencies to contact
immediately?

An overexposed person will show physical signs which
might give a clue to the dose he received. Match
the following doses and symptoms:

25 rem Nausea, fatigue
100 rem Unconscious, shock
1000 rem No cetectable effect

Can cobalt-60 irradiation of a person make him
radiocactive for a short time?

The Puerto Rico Irradiator is a production unit which
is expected to operate on a continuous basis. Its
primary and only function is to process. Only one
consideration is more important. What is it?




10.

11.
12.

13.

14.
15.

16.

17.

18.
19.
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9.4 ANSWERS TO SAMPLE EXAMINATION FOR OPFRATOR OUALIFICATION

Alpha, BReta, Gamma

Gamma

h and d.

b.

True.

500 and 25 respectively.

58

No.

The absorption of 100 ergs per gram of eneragy.

1{ fects on futurc generations (such as mutations) which,
may be caused during or after conception, until birth.

Time, distance anrd shielding.

10,000 rad/hr.

Whenever the reading exceeds 15 mrem at the beaginning
of the work tour.

At all times when on duty.
e
Any of the following:
a. Call Radiation Protection Officer.
Do nothing until he advises.
b. Take the spare meter.
c. Replace batteries in the first meter;

make sure it responds; then proceed.

Politely refuse entry of the visitors past the
office/reception area.

Lower the source.
Ozone. Leave the cell for.2-3 minutes, then re-enter.

Ccall the Radiation Protection Officer.

Page 1 of 2



(Answers to sample examination for Operator qualification

al.

22.

23,

24,

25.

Source wipc test.
Monitoring of water treatment system.
Smearing walls, floor, vent, in cell.

a. Hospital or cmergency squad.
b. Radiation Protection Officer.
c. State Regulatory Authorities.

25 rem No dectectable effect
100 rem Nausea, fatigue
1000 rem Unconscious, shock

No

Safety

9-8

- Cont'd.)
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This policy covers the general training requirements applicable
to warehouse personnel, operators, supervisors and production
control managers, and plant managers. The program shall consist
of both formal training requirements and cn-the-job training
administered by personnel deemed qualified by the Corporate
office and the Plant Managers.

A. Basic Training, All Personnel

1. Scope of activities of Isomedix.
2. Description of radiation operations.
3. Operational policies and procedures.

4. Need for general cleanliness and care in the handling
and processing of medical devices and drugs.

5. General requirements of regulatory bodies, including
the Nuclear Regulatory Commission and the Food and
Drug Administration.

6. General requirements of FDA Good Manufacturing Practice
guidelines.

7. NRC license requirements as they relate to the use and
operation of cobalt-60 irradiators.

8. Other items which may be designated from time to time.

B. Operators, Supervisors, Production Control Managers,
Plant Managers

In addition to (A) above, this category of personnel will
receive additional training as follows.

1. Formal training course for qualification as Irradiator
Operator (course as defined in NRC license) .

2. General procedures for inspection and acceptance and/or
rejection of good housekeeping conditions, including,
but not limited to:

a. Warehouse cleanliness.
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EFFECTIVE DATE March 17, 1980 PAGE NO. 2 OF 3 PAGES FILE UNDER SECTION  NO.

REVISION DATE APPROVED BY 4"1‘-“—1} Q D.LA/i
. 4

ALL REVISIONS ARE MARKED BY AN ASTERISK (*)

Mechanism appearance/cleanliness.
Inspection of outgoing trailers for cleanliness,
holes in body, dirt, strange odors, or other
odd factors which might be sensitive to the
shipment of finished medical devices.

d. General insect and rodent control on premises.

Irradiator operation and maintenance.

Processing procedures.

Dosimetry procedures and training.

Shipping/receiving procedures.

Supervisors, Production Control Managers, Plant Managers

This category of personnel shall, in addition to (A) and
(B) above, receive additional training as follows:

1. Personnel administration.
2. Production control, including all factors related to
scheduling, processing and administrative requirements

related to processing.

3. Full indoctrination and training of all Isomedix
policies and procedures as they relate to processing.

4. Other subjects as determined by the Plant Manager
or Corporate Staff.

Plant Managers

In addition to all of the above, the Plant Manager shall
receive additional training as determined appropriate by
Corporate Staff, including administration, budgeting,
personnel ana gquality control. The Plant Manager is also
specifically charged with adherence to GMP procedures, and
is responsible for quality ccntrol of his plant. Among
other QC responsibilities the Plant Manager, in terms of
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his Quality Assurance Program, will assure himself that
he is capable of:

1. Identifying quality assurance problems.

2. Solving quality assurance problems.

3. Verifying implementation of solutions.

4. Determining that procedures are performed correctly.
This basic policy may be amended or added to from time to time
either formally or informally as additional training require-

ments become obvious.

Refresher training, either on a formal or informal basis, should
be conducted semiannually or earlier as the need arises.
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PART 9 - OPERATOR DESIGNATION AND TRAINING

9.1 GENERAL

It is proposed that Isomedix be authorized to appoint
gqualified personnel as operators, as is currently the
case in its New Jersey, Chicago, Mississippi, and
South Carolina irradiators. Such an appointment
would be authorized when the trainee has:

a. Completed the required formal training.

b. Passed the written test with a minimum
score of 75%.

Ce Completed a minimum of 90 days of on-the-job
training (exception can be made by Corporate
RPO) .

d. Been recommended for operator status by the
Plant Manager to the Corporate RPO, wherein
the trainee's qualifications are reviewed.

e. Been approved by the Corporate RPO.

The contents of the training program, together with

the written test (and answers) follow.

The Isomedix policy for training of all personnel
(including but not limited to irradiator operations)

is shown on Pages 9-9, 9-10, and 9-11. .



§,2 CONTENTS OF TRAINING PROGRAM HOURS

1.

The Hazards of Radiation 1/2
Unavoidable low level exposure

Hazard evaluation

The Effects of External Radiation 1

a. Effects on the body.

b. Units of measurement.
c. Levels of injury.

d. .Long term exﬁosures.

e. The banking concept.

Protection from External Radiation 1l

a. Time

b. Distance

c. Shielding materials

d. Define curies and half value layers,

dose rate curves in the Isomedix
irradiator.

Radiation Physics |

The nucleus-isotopes-radioactive decay

Internal Radiation Problems 1

a. How radioactive material enters
the body.

b. Effects on the body.



9-3
-2~ HOURS
6. Contamination 1
a. Hazards associ;ted with
contamination.
b. Prevention of spread.
c. Decontamination procedures.
7. Instruments and Dosimetry 1
a. Geiger counters.
b. Ionization chambers.
c. Scintillation counter.
d. Film badges.
e. Pocket Electroscopes.
8. Review of Isomedix Facilities
and Procedures 2
a. Source interlock systems.
b. Operating proéedures for
routine irradiation.
c. Operating procedures for hot
cell operations.
9. Verbal Discussion on the Above Course 1
Questions to determine understanding
of all the topics.:
TOTAL HOCURS 9k

The NRC publication, "Living with Radiation"
is used as a basis for this training.
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PART 10 - TRAINING AND EXPERIENCE IN RADIATIOM SAFETY

OPERATIONAL PLAN
The Puerto Rico facility will be the sixth that

Isomedix has started up. We have found it quite feasible
to conduct initial operations with well experienced
supervisory staff trained as operators, and during the
first few months of operation to train additional
gqualified personnel to become operators.

We expect the following sequence to occur.
(Training and experience resumes of specified individuals
follow) :

1. Installation of unit and final safety checkout
to be performed by AECL-CP, with Baker and Watlington
on-site 50% and 100% of their times, respectively,
becoming intimately familiar with the electrical and
mechanical aspects of the irradiator.

2. Cobalt loading by AECL.

3. Initial radiation surveys by AECL, Baker and
Watlington.

4. Operational startup by AECL, Baker and
Watlington.

5. Acceptance of unit by Isomedix.

6. Initial processing by Baker and Watlington.

7. Routine processing by Watlington.

8. Assistance by Baker, Dietz, Owens and

Masefield as needed.

5

>
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New plant personnel will begin to be hired and
trained beginning the early stages of Item 1. Addi-
tional operators could be qualified some 10-12 weeks

later, during Item 6.

10,2 TRAINING AND EXPERIENCE RESUMES

These are on the following pages.



APPLICATION FOR RADIOACTIVE

MATERIAL LICENSE GEORGE R, DIETZ

WHLERE DURATION OF ON THE FOIMAL
TYPE OF TRAINING TRAINED TRAINING JOB COURSE

a. Principles and practices Geqrgia
of radiation protection.' Institute of
Technology 2 years

D. S. Army

Natick, Mass.
Radiation

Lab 4 years

Brookhaven
National
Lab. 1 month

Radiation
International 1% years
(Asst RSO)
b. Radiocactive measurement
standardization and
monitoring techniques,
and instrumentation.

Math and calculations
basic to the use and
measurement of radio-
activity.

d. Biological effects of
radiation.

EXPERIENCE WITH RADIATION

Where Experience
Isotope Max. Amount Was Gained o Duration Type of Use

Co-60 500,000 Brookhaven
curies National Lab. 1 month Training

Co=60 600,000 Radiation, Irradiation
curies Machinery 1-3/4 years Services

Co-60 350,000 Radiation Irradiation
curies International 2 years Services

Cs=-137 250,000 Isomedix 9 years Self-Contained
Irradiators

co-60 1,500,000 Irradiation
curies Isomedix, N. J. 9 years Services

page 1 -of 2




GeoRGE R, DIETZ (continued)

Mr. George R. Dietz is President, and Radiation
Protection Officer, of Isomedix, Inc.

In addition to handling the Corporate Radiation
Protection functions (RPO) of Isomedix, he is

a licensed operator for hot cell operations in
New Jersey; of the 2,000,000 ci service irradiator
in New Jersey; of the 300,000 ci Isomedix service
irradiator in Chicago, Illinois; and the 1,500,000
ci service irradiator in Columbus, Mississippi.

10-4
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e st o GEORGE B. BAKER

el WHERE DURATION OF ON THE FORMAL
TYPE OF TRAINING TRAINED TRAINING JOB COURSE

a. Principles and practices Isomedix, IncC. 4 years Yes Yes
of radiation protection. U. S. Air
Force 6 months Yes Yes

Radiocactive measurement Same as above.
standardization and

monitoring techniques,

and instrumentation.

Math and calculations Same as above.
basic to the use and

measurement of radio-

activity.

d. Biological effects of Same as above.
radiation.

EXPERIENCE WITH RADIATION
Where Experience
Isotope Max. Amount Was Gained Duration Type of Use

Co-60 1,500,000 ci Isomedix, Inc. 4 years General radiation
processing.

Mr. Baker has undergone and successfully completed the
Isomedix training program, and was designated as an
operator of the New Jersey irradiator on January 30,
1978. 1In addition, he is familiar with and has partici-
pated in our routine safety program, including daily,
weekly and monthly safety checks, source receipt, cask
unloading, and source loading into modules, semiannual
source wipe tests, and use of counting equipment.

Mr. Baker completed the following formal courses while
assigned to the U. S. Air Force:

a. Disaster Preparedness Officer Course, Lowrey
Technical Training Center, Lowrey AFB Colorado.
Two-week course, completed in September 1970.
Primary courses: Nuclear accident and attack
training; personnel and equipment decontamination
and contamination control; theory, operations
and use of personnel and monitoring instrumenta-
tion; and biological effects of radiation.

safety Officers Course, Aerospace Safety and
vanagement Institute, University of Southern

Page 1 of 2




GEORGE B, BAKER (continued)

California, Los Angeles. Three-month course,
completed September 1971. The general purpose
was to train students in developing administra-
tion safety programs, with emphasis on safety
management. Radiation safety comprised a portion
of the subject matter.

Safety Program Organization and Administration
for the U. S. Air Force, New York University,
New York. Seven-week course, completed November
1971. Course work was generally as outlined in
(b) above.

Nuclear Safety Officer Course, Lowery Technical
Training Center, Lowery AFB, Colorado. Three-
week course included various aspects of nuclear
safety, such as movement and storage of radio-
active material, security, radiation protection,
monitoring and instrumentation, and calculations
pertinent to the measurement of radioactivity.

Mr. Baker served as Nuclear, Ground, Missile Safety
officer, 22nd Air Defense Missile Squadron (ADC),
LangleyAFB, Virginia, from the period June 1971 -
December 1972.

Mr. Baker served as the Plant Manager and on-site RPO
for the Isomedix 3,000,000 curie Spartanburg Irradiator
from its inception until February 1981 (3-plus years).
He was recently assigned as a Group Manager at Corporate
headquarters, where his primary function will be to
supervise construction, startup and operation of new
facilities, including the Puerto Rico unit.

He is a licensed operator also of the Spartanburg facility,
which is currently loaded with over 2,000,000 curies of
cobalt-60.
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et o LUIS WATLINGTON

WHERE DURATION OF ON THE FORMA
TYPE OF TRAINING TRAINED _ _ TRAINING JOB COURS

a. Principles and practices
of radiation protection. Isamedix 6 months 6 months Yes

b. Radiocactive measurement
standardization and
monitoring techniques,
and instrumentation. Isomedix 6 months

Math and calculations
basic to the use and
measurement of radio-
activity. Isomedix 6 months 6 months Yes

d. Biological effects of
radiation. _ Isomedix 6 months 6 mos. Yes

EXPERIENCE WITH RADIATION
Where Experience
Isotope Max. Amount Was Gained Duration Type of Use

Co-60 1,500,000 ci 1Isomedix, Inc. 3 months General processing,
Spartanburg, SC e.g., sterilization

Mr. Watlington, through Mr. George R. Dietz, RPO, and Mr.
George Baker, received on-the-job training in the use of
shielding and time-distance relations in reducing radiation
exposure; the use, maintenance and limitations of monitor-
ing and surveying instruments; and protective, routine, and
emergency procedures in effect at the Spartanburg facility.
The on-the-job training was correlated with a formal course
given by Mr. Dietz and Mr. Baker. (Contents of this train-
ing program are outlined elsewhere.)

Mr. Watlington successfully passed the course and became
an operator at the Spartanburg plant. This plant was
chosen as his on-the-job training site because of its
close similarity and resemblance to the Puerto Rico plant.
Both are carrier type plants with virtually identical
radiation safety systems.




APPLICATION FOR RADIOACTIVE

MATERIAL LICENSE JOHN MASEFIELD o
WHEPE DURATION OF ON THE FORMA!
TYPE OF TRAINING TRAINED TRAINING JOB _ COURS)
a. Principles and practices Atomic Energy
of radiation protection. of Canada
Limited 7 years Yes Yes
Radiaticn
Int'l 2 years Yes No
Isomedix, Ltd 4 years Yes No
b. Radiocactive measurement Isomedix, Inc. 8 years Yes Yes

C.

d.

standardization and
monitoring technigues,
and instrumentation. Same as above.

Math and calculations
basic to the use and

measurement of radio-
activity. Same as above.

Biological effects of
radiation. Same as above.

EXPERIENCE WITH RADIATION

Where Experience

Isotope Max. Amount Was Gained Duration Type of Use

Co-60 1,000,000 ci AECL 7 years General processing,
self-contained
irradiators.

Co-60 300,000 ci Radiation Int'l 2 years General processing.

Co-60 300,000 c¢i Isomedix, Ltd. 4 vears General Processing

Co-60 500,0C) ci 1Isomedix, Inc. 8 years General Processing

Co-60 100,000 ci Newfield

Products, Ltd. 2 years General Processing
Co-60 1,500,000 ci Isomedix, Inc. 8 years General Processing

During his seven years with AECL, Mr. Masefield was Head
of Irradiator Design. In addition to supervising design
and construction of self-contained irradiators, he super-
vised design and commissioning of large production
irradiators, including the Ethicon units in Somerville,
New Jersey, and San Angelo, Texas, as well as a production
facility in Peterborough, Canada.

He was a licensed operator and RSO of the Newfield Products,
Ltd. irradiator in Canada for two years. Mr. Masefield is
a licensed operator for Isomedix' 2,000,000 ci service
irradiator in New Jersey.

Mr. John Masefield is Chairman of the Board of the Isomedix
Companies. .
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I CR RADIOACTIVE
o gl e : NILLIAM M, OWENS, JR.
WHLRE DURATION OF CN THE FORMAL
~FYPE OF TRAINING TRAINED TRAINING JOB COURSE
a. Principles and practices
of radiation protection. Isqmedix 8 years Yes Yes
b. Radiocactive measurement
standardization and
monitoring techniques,
and instrumentation. Isomedix 8 years Yes Yes
c. Math and calculations
basic to the use and
measurement of radio-
activity. Isomedix 6 years Yes Yes
d. Biological effects of
radiation. ) Isomedix 8 years Yes Yes

EXPERIENCE WITH RADIATION

Where Experience

Isotope Max. Amount Was Gained Duration Type of Use
Co~60 300,000 ci Isomedix 4 Years General Processing
Co~60 1,500,900 ci Isomedix 7 Years rRadiation Services

formal Education - Georgia lnstitute of Technology, 2 years,
engineering studies toward BS in
Mechanical Engineering.

Mr. Owens, through Mr. George R. Dietz, RPO, and Mr. Austin
perrin, has received on-the-job training in the use of
shielding and time-distance relations in reducing radiation
exposure; the use, maintenance and limitations of monitoring
and surveying instruments; and protective, routine, and
emergency procedures in effect at the New Jersey facility.
The on-the~job training was correlated with a formal course
given by Mr. Dietz.

Mr. Owens is currently licensed as an operator at Isomedix'

2,000,000 ci service irradiator in New Jersey, the
Spartanburg, South Carolina, facility (2,000,600 curies).
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BIOLOGICAL SHIELD CAPACITY 4,000,000 CURIES COBALT &0 '

F CUSTOMER TO SUPPLY BIOLOGICAL SNIELD, ALL SEMVICES,
PLIMBING ETC. & ITEMS MARKED (C.5.)

——

3. VENTILATION REQUIRED AT THE RATE OF 2200 C.F.M.

4. THE BIOLOGICAL SHIELD 7S DESIGNED TO REDUCE THE EXTERNAL
RADIATLON LEAKAGE LFvELS WITH A 4,000,000 CURIE COBALT %0
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MR/HR. THIS ALLOWS 2 PERSON FULL OCCUPANCY OF 40 HOURS PER
WEEK OR A MAXIMUM Dose OF S00 MREM PER YEAR. EXPOSURE RATES }
OF UP TO 2.0 MR/HR ARs ALLOWABLE IN SMALL AREAS ADJACENT T«
THE SHIELD PROVIDED THESE CONTRIBUTIONS DO NOT RAISE THE
AVERAGE EXPOSURE RATY OVER A SURFACE ABOVE 0.25 MR/HR.

CORDUCTIVITY OF PQOL WATER MUST BE LESS THAN 10.0 MICROMHOS .
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DESCRIPTION

Introduction

The wall mounted monitor system is designed to warn and
indicate that gamma radiation is present, and to monitor the
radiation facility.

A Gamma Ray sensing probe is used with the radiation
monitor system and is installed in the area to be monitored,
and the detected radiation signal is then transmitted to the

electronic assembly unit.

The electronic assembly will then transmit the
detected signal to 2 visual and audio warning system. A visual

indicator will also monitor the radiation leve! sensed by the

probe.

General (Ref. Figure 1)

The Single Probe Monitor system consists of two

assemblies. Reference AECL Drawing A12986.

a) A probe which contains the electronic radiation detectors.
b) The Ratemeter, Power Supply, associated relay and indicator
circuits which are contained in the Monitor console. A

radiation alarm horn is also an integral part of the system,
which is mounted in the most advantageous position.

c) The Monitor System can be used with the following signal

L118

08013
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inputs:

i) With an input from the Sensing Probe only; or

ii) A Sensing Probe signal input and an interlock system.

Monitor Control Console (Ref. Figure 2)

The Monitor Control Console shall be located in a room

where the electronic components are not exposed to a high

radiation field.

The monitor console includes the following controls

and indicators:

1. Check Lamp ... @ flashing neon lamp which indicates that the

ratemeter circuit is functioning properly.

2. Monitor Test ... an illuminated switch that is used in a
safety Interlock system and will simulate an alarm
condition which will check that the Monitor system is

functioning properly.

3. Alarm and Memory ... 3 split lens push switch; the alarm
lens will illuminate in an alarm condition; the memory
lens will remain ON after an alarm condition.

Ratemeter ... a linear scale meter which indicates the

level of radiation as sensed by the probe.

Alarm Horn

The horn will sound under an alarm condition.

Sensing Probe

When the detector in the sensing probe is exposed to

4 L118
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a ragiation tielg, i1 will generate a series ot voltage pulses.
The frequency of voltage pulses will be proportional to the
radiation field strength, and is transmitted 1o the monitor
ratemeter circuit for a visual indication of radiation level
pbeing sensed.
The Gamma Ray sensing probes contain Geiger-Meuller
gas fillea tubes, and are used with the radiation monitor system,
The sensing probe is installed in the location to be

monitored, and is selected for use with @ monitor system for a

sarticular monitoring application,

The three types available are:
(a) Type L110A - Reference AECL Drawing A03364.
(b) Type L110B - Reterence AECL Drawing A03367.

(c) Type L110C - Reference AECL Drawing AO03366.

Circuit Protection
The Monitor System has tuse in the 115 VAC

line side of the system,
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MONITOR CALIBRATICH

Ratemeters

Wwith the geiger probe located in a field of background
strength, the sensitivity of the ratemeter can be adjusted by
means of a trimpot mounted on the ratemeter board so that the
meter registers at 108 of full scale (0-1 reading). The check

lamp should be flashing in time with the pulses.

Alarm Circuits

The critical level of the alarm circuit is adjustable
by means of a trimpo? located on the ratemeter board. This level
should normally be set at 80% of the full scale meter def lection
(a scale reading of 8).

The proper functioning of the alarm indicators,
visual and audible, should be checked every 3 months by moving
a calibration source close to the geiger probe. wWhen the cali-
brator approaches the probe the irradiation system should sound
the alarm horn and the "Alarm" and "Memory Alarm" lamps should
illuminate.

Normal operating and alarm levels should be checked
with the aid of a calibration source provided and adjusted

every 6 months.

6 L1118
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b Calibration Procedure

(a) In areas "other than cell location™, the caiibration is
conducted with the source in the raised or "On” position.
, I Using the signals from the Geiger Muller probe,
preset the "Sensitivity Adjustment”™ seftings on the
ratemeter board for a scale reading of one (1).
2. Adjust the "Alarm Level"™ trimpot on the ratemeter
board untii the alarm signalis. The ratemeter should
give a scale reading of eight (8).
. §8 Reset the monitoring system at the "Alarm Memory" push
button on the Monitor Control Panel.
4, |¥ necessary, repeat step | and adjust the "Alarm
Level Adjustment™ until the alarm signal occurs within
b + 10% of a scale reading of eight (8).
o 0 Reset the monitor system as in step 3. Note that the
§ scale reading should decrease to one (1).
(b) In "cell locations", calibration is conducted with the source
in the lowered or "Safe" position.

, 4 Repeat steps (a) 1 to 5 inclusive.

8 L1118
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USE AND GPERATION

Use

The L118 wal' mounted monitor system is designed to
indicate the radiation level in an irradiation room when the
source is In the "gafte" (stored) position.

|+ may 2!so be used as a radiation detector in the

control room.

CONTROL ROOM CPERATION (Ref. Figure 4)

‘ Normal Operation

The sensing probe is located in the control room area
wahere background ragiation ievels will be detected.

Voitage pulses proportional to The radiation tield will
oe generated b the GM detector tube, and applied to the pouwer
supply and ratemeter printed circuit boards.

The signa! to the power supply board is felt at *he opea
contacts of the switehing reilay with ao further circuit effect.

The menitor transtormer which wil! be continuously
operating applies 115 VAC through a rectitier, ta the switching
relay coil keeping it energized, With the transformer operating,
«50 VOC from a rectifier circuit is also applied to the sensor

u probe necessary for system operation.
The detected signal is also applied to the tatemeter

10 L118



srinted circuit toard. The first stnge to accept the signal is

an emitter foliower. From tne follswer, to a one-stot melti-~
vivrator which has an adjustaeble potentiometer in its in*tegrator
circuit. The potentiometer is used to adjus?t the guise width
of the signal pulses received. This determines the sensitivity
of the meter indicator as described in the caliibration procedures.
The one-shot output is fed to a driver, and the driver

output is then fed to the check lamo and mete~ indiczator.

The check lamp and meter will aive 2 proporticnal
indication of radiation detection.

The driver outpu? signa)l is alsc telr at the next
stage, fthe emitter follower.

The background radiation pulse has no $¢urther circu:t

etfect as its frequency is below alarm level.

Alarm Dperation

The circuit action to the meter jndicator and check
tamps will be as described in “"Normal" operation.

However, the check lamps will flash at an increaseao
rate at a frequency proportional to the radiation field, and
the indicator meter needle will move info the alarm area as
sreviously calibrated.

The alarm signal will now cvercome The bias as set by
the alarm level potentiometer, and The fleve!l detector stage will

conduct.

The detector output is felt at the Schmitt trigger

L118 11
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its output will switch from a low to a high voitage

circuit, and

tevel to the final emitter follower stage.
The fina! emitter stage of the ratemeter civcuit will
cend an alarm signal to the trigger transistor. This high inpu?

is teit as a (2w at the SCR which wiftl stop ~onducting. The

alare relay normally energized, will new de-anergize.

The de-ene~gized alarm relay will permit a DC Voltage
to be telt at the “Afarm™ larmp which will illuminate.

An AC Yoltage wili 2lso be feltl through the closed

alarm celay ceontact which will sound the alarm horn.

Alarm Condition Ceases
Alarm Circuit
When the atarm conditlion ceases the red "Alarm" light
will ext.nquish as the alarm relay will eneraize as in
norma) operation, breaking the 12.5 VOC circuit to the
"Alarm” lamp.
The "Alarm Harn"™ wili be sitent as the 115 VAC line

will be breken by the open contacts of¢ the energized alarin

refay.

Memory Circuit

The "Memory Alarm™ light witl remain illuminated, as
the SCR is stll| comducting, unti! the "Alarm Memory" lamp
switch i< depressed. Depressing the switch will cause the

SCR to stop conductirg, and oper the circuit to the "Memory"

lamp which will ext nguish.

12 L1118
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JRRAOTATION ROOM OPERATION (Re?. Figure 5)

The sensor probe is instelled in the irradiation rcom

where background radiation levels will be detectied.

Feature

The following ancitfiary circuits are used in an
irradiation room operation:

(a) Electrical Interlock Circuit - This system has a microswitch
which is actuated by the irradiaticn room deor. The
circult is used as a "Safety" interlocCk in the lrradi-~
ation room door lock mechanism, ond wili prevent the
door from being inadvertantly cpened while the source
is i, the exposed position.

(b) Electrical Scurce safe/Exposed Circuit - This system will
apply a nigh PC voitage to The sensor probe witn the
source in the "Safe” position; the DC voltage will be
removed from the sensor probe with the source in the
exposed position.

(c) Monitor Test Circuit - This system will test the moenitor
tor correct operation before the operator enters the
irradiation room. By depressing the "Monitor Test"
cwitch two capacitors are parallelied which has the
etfect of increasing the alarm voltage Jevel necessary
for alarm operatioan. This will simulate an alarm

condition in the monitar system.

L1118 14



{-22

Operation - Source Down

The sensing probe Is located in the irradiation room,
it wil) detect gamma ray radlation above the preset ambignt
jevel with the source (n the "Safe" (stored) position. The
sensor wifl not detect the radiation level when the source is
in the "Exposed"” pasition.

The Source Down Limit switch will close, making a high
OC voltage available to the senscor probe for its operation. It

alca erergizes a switching relay removing the ground from the

signal line.

The monitor operation wili be 2« previously descrided

in CONTROL ROOM OPERATION in Norrmal, Alarm and Alarm Condition

Ceases.

Ancitliaery Circuits
The following will describe the function and use of
the ancililtary circuits:

Monitor Tecst Switeh

This switch is used by the operator teo establish that
w“he irradiation room monitor is tunctioning properly. The
"source” must be in the "Down" (stored) position. This
check is performed preparatory 1o entering the irradiation

room,

() GCepress the Monitor Test switch a6d hold untit the

monitor indicates an alarm condition. The aiarm

L118 15
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relay will de-energize, 115 VAC will actuate the
alarm horn and the meter indicator needle will move
to full scale deflection.

The interlock relays will energize and 115 VAC will
be fed to the contacts of the door interlock switch,

when alarm condition ceases. The monitor test light,

alarm and memory lights will illuminate.

(b) Release the monitor test switch, the alarm relay will
energize and open its contacts to the alarm light
which will extinguish.

The monitor test light and the memory light will remain
"On".
(c) Press the memory switch to clear the circuit which
will extinguish the memory lamp.
(d) The irradiation room door may now be unlocked, as the
door key is turned it will complete the circuit to
+he door lock solenoid.
(e) Opening the door will now open the door switch and
the interlock relay will de-energize extinguishing
the monitor test lamp.
Operation - Source Up

The source down limit switch will open as the source
rack begins to rise. This will remove the high DC voltage
necessary for the sensor probe operation and grounds out the
signal line.

16 L118
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DETECTION OF MONITOR MALFUNCTIONS

<!

with each L118 monitor, the following replacement?
parts are supplied:

1. Gamma Sensing Probe (FIGURE 1).

2. Power Supply PCB (FIGURE 3).

3. Ratemeter PCB (FIGURE 3).

4., Ratemeter Indicator (FIGURE 3).

5., Set of HV Test and Signal Cables (FIGURE 1).
6. La~ps, Fuses, etcetera (FIGURE 1).

In the event of a malfunction originating within
the L118 Monitor System, proceed as follows:

3 Remove the monitor probe from the cell.

2. Using the supplied HVY test cables, replace each component,
one at a time, for which a replacement part has been
provided, and using the test source located in the maze

. ) door keyswitch box, test the operation of the monitor.

- 3, When the tault has been located, replace the faulty
component with its appropriate replacement part.

NOTE:

Remember to immediately re-order any component which
nas veen replaced.

17 L118
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INSTRUCTIONS
D/L 2 MONITOR

GENERAL DESCRIPTION

The D/L 2 Monitor System is designed to warn and
indicate that gamma radiation is present, A typical use is
as an area monitor for an irradiator facility.

A clear light-emitting diode (LED) indicates that
+1,e detector is ON and a red LED "flickers" under normal

background radiation.

|f the gamma radiation reaches an unsafe level

t+hen an audible alarm signal is activiated and the red LED
will remain illuminated. The D/L 2 Monitor also contains
an auxiliary relay that closes a set of contacts when the

audible alarm sounds. This facility can be used to control

an associated system such as "shutting down" the irradiator

tacility.
SPECIFICATIONS
1. Detection Sensitivity - indicates background radiation
below 0.05 mR/h.
2. Alarm Level - Can be set for 0.5 mR/h and higher.
3., Power Requirements - 100-130 VAC, 50/60 Hz.
NOTE: A 1/4 AMP line fuse must be externally installed.

4. Case Dimensions = g-1/2 in long x 5=1/2 in wide

x 4 in diameter, overall
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5. Auxiliary Relay Contacts - 15 watts capacity.

COMPONENTS Refer to Figure 1
TRANSFORMER

1. Provides a 12 VAC supply.

2. Provides isolation from the 115 VAC line.

POWER LAMP

Indicates that the D/L 2 Monitor is ON.

ALARM LAMP

Provides a visua indice” n of gamma radiation.

GEIGER-MEULLER TUBE
Monitors the gamma radiation and produces output

pulses at a freguency that is proportional to the radiation

level.

ALARM HORHN

Produces a high-frequency "shrill"™ sound in the

advent of unsafe gamma radiatior.

RELAY

The relay contacts closz in an alarm condition,

ALARM SENSITIVITY TRIMPOT

Provides a means of adjusting the sensi*ivity

of the MONITOR to gamma radiation.



C-31

PRINTED CIRCUIT

BOARD /ﬂ
RELAY

STAND-OFF

REF B105207-024/A

COMPONENT LOCATION
FIGURE 1

B o
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TERMINAL BLOCK

1. Provides for easy connection to 115 VAC.
2. Auxiliary relay contacts are also available at this

terminal block.

THEORY OF OPERATION Refer to AECL Drawing A14233

The radiation level is mouitored by a Geiger-
Meul ler tube which produces output pulses at a frequency
proportional to the radiation level. These pulses are then
processed by a Transducer Detector to produce a non-symmetrical
square-wave output having an "on-time" proportional to the
trequency of the pulses from the Geiger-Meul ler tube.

The output of the transducer detector drives the
red ALARM lamp (LED). This output also feeds an R-C integrator
having a relatively "long" time constant. Therefore, the
DC output voltage from the R-C integrator is consequently
proportional to the radiation level.

The output of this R-C integrator goes to a
COMPARATOR whosi reference voltage is set by the ALARM

SENSITIVITY trimpot.

If the radiation should increase to an unsafe level,
then the COMPARATOR (along with transistor Q1) will "actuate"
the audible alarm and thus de-energize the relay coll causing

the relay contacts to close.




C-33

SENSITIVITY ADJUSTMENT

The sensitivity of the D/L 2 Monitor should be
adjusted with maximum background radiation (with the source in
the raised or "ON" position).

1. Adjust fhe alarm sensitivity trimpot (Figure 1) until
the alarm horn sounds.
2. With the alarm horn sounding, adjust the sensitivity

until the horn just turns OFF. The SENSITIVITY is now

set.

TESTING THE SENSITIVITY OF THE MONITOR

With the source in the raised position (this provides
max imum background radiation) bring @ calibration source
towards the D/L 2 Monitor until the alarm horn sounds.

I1f the alarm does not sound, then the SENSITIVITY

-~
should be re-adjusted as described above.

PERIODIC CHECKING OF THE MONITOR

The D/L 2 Monitor should be checked once a

month (minimum).

CHECKING PROCEDURES

i. The POWER lamp should be ON (this can easily be
inspected each day).

2. The red ALARM lamp should "flicker™ for normal
background radiation.

. Check the SENSITIVITY as described above.
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4.

NOTE:
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Check the operation of the relay contacts (perhaps the
relay Iis used to turn on a light at a master control panel).
If the relay contacts are not used to control an
associated system then there is no need to check
these contacte since they, in no way affect the

operation of the D/L 2 Monitor.

INSTALLATION INSTRUCTIONS Refer to Figure 2

The D/L 2 Monitor is designed for wall mounting

and should only be located where the background radiation

is relatively "low" otherwise the electronic components

could be cdamaged.

MOUNTING ¢

.

‘o.

Remove enclosure from backplate.

Remove printed circuit board from stand-offs.

Remove outlet mounting plate.

Drill holes in the outlet mounting plate to align with
mounting holes in the electrical junction box.

Bring wires through the access hole in the outlet
mounting plate.

Mount the outlet mounting plate to the junction box,
Bring wires through the access hole in the backplate.
Mount backplate to outlet mounting plate.

Mount printed circuit board to the stand-offs,

Connect wires to terminal block (as shown in Figure 2).



11. Adjust the alarm sensitivity as described earlier in
this section,

12. Mount enclosure to backplate.

C
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