PHOTON MEASUREMENTS PLUS
P.O. BOX 63, SPICELAND, IN 47385
765/987-0365

facsimile transmuttal

To:  Mr. James Mullauer  —Fax 623-214-5213
From: Edward E. Wroblewski, M.A Date: 4/2/10
Re: Imaging Center of N.C, Indiana Pages: Total of 3 including Cover Shect
CC: NA
. . . . ° B o o .

O Urgent 1 For Review 0O Please Comment [ Please Reply X As Requested

Notes:

Dear Jim. Atached are two signed signature pages as requested. Please realize, that as the
USNRC now hes regulatory authority over the licensing (registration) of Radioactive Materials
(NARM), the State of Indiana no longer requires that an application is submitted to their office in
order 10 receive a RAM license and/or registration of same. I am in the process of trying to obtain
a letter from the State of Indianan, IN State Department of Health to confirm same for your future
reference (with specific regard to licensing and/or registration of RAM's). If a registration
application is submitted to the ISDH, it is merely out of courtesy these days. Morcover, the ISDH
application requests a copy of the USNRC license to accompany their application. Now isn’t that
a pickle? Thanks Jim! Pager 317904-3607.

-ed
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PET/CT ROOM POINTS EXPOSURE RATE

mR/hr]
[Patient injected with A-B 0.13
16 mCI F-18] B-C 0.10
C-D 0.15
D-E 0.18
E-F 0.40
F-G 0.05
H- 0.30
A-l 0.11
J 0.15
K 0.10
UPTAKE ROOM 1 L-M 0.1
[Patient injected with M-N 1.06
16 mCl F+18) N-P 0.35
UPTAKE ROOM 2 P-Q 0.08
[Patient injected with Q-L 0.6
16 mC! F-18] N-R 0.5
R-T 0.1-0.5
UPTAKE ROOM 3 T-X 0.08
[18 mC| F-18 X-P 0.6
In syringe as point R-U 1.5
source.) u-v 0.4
V-W 0.18
W-T 11 E : :
Imaging Center of North Central Indiana, Kokomo, IN W
0 . . 4 -—L - ' =
A calibrated Victoreen lon Chamber (M/N: 451P) was used
to assess radiation exposure rates as noted above. £l W . \U‘N b lw ghes
Edward E. Wroblewski, MA, DABSNM Me ofion-\ Dhisiedt

Survey performed by William K. Breeden, MS, DABR
on February 19, 2010.
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K & S Associates, Inc.

1928 Eim Trea Drlva = Nashvllie, Tennessee 37210-3718
Voice 815-883-9760 ¢« Fax 615-871-0856 * Schedule 800-522-2325

DIAGNOSTIC X-RAY FACILITY SHIELDING SPECIFICATIONS

FACILITY: IMAGING CENTER OF NORTH CENTRAL INDIANA REPORT DATE: 11/11/2003
KOKQOMO, INDIANA VERSION: 1A
TEST NO.: 031808
ROOMS:

R&F ROOM 150; CT SCAN ROOM 139; PET UPTAKE ROOMS 146, 148, 147

Design Criteria

The foliowing shlelding calculations and spacifications are derived on tha basls of the recommendations of the
National Councll on Radiation Protection and Maasurements as contained in NCRP Report Number 49, “Medical
X-Ray and Gamma-Ray Protection for Energies up to 10 MeV - Structurs! Shielding Desigh and Evaluation,” 8nd
ihe enclosed siated workloods and conditions. The design Hmits, howaver, have besn modiied to reflect
changes (n Federal and Stats radiation protection regulations {NRC Part 20 compiiance) and NCRP Report
No. 116, "Limitation of Expasure lo lonfzing Radiation." Aisc, where approprigte, altemelive methods of
calculation that raflad the continuing evolution of equipment, techniques, and available dala were used as 3
supplement to NCRP 49 A kst of references for these melhods ia grovided n the raport  Where specific
information regarding the workload for IRe proposad fecility was unaveiiable, the typical workloads for busy
installetions es provided in NCRP 49, supplemented and updated by the listed references. were Jsed as a guide.

No responsibility is sasumed or implied fer the adequacy of the encicsad specificalions for workloads and/or
conditions other than those stated herein.

Thia report was prepared for . HBRIAN KOETTER
HaH SYSTEMS AND DESIGN INC.
NEW ALBANY, INDIANA

2 W Oheel /P
hn W, Pagel, MS Thomas W. Slowey,

|
PE_/
Medical Health Physicist Radiation Physicist

Vivian Denton, RT(R)
Design Consultant

X & § Assucistes, inc. « 1528 Eim Tree Driva « NesiwiSle, Tennsssse 31210
§16:883-0760 & 1-800-522-2325 o Far 016-871-0856 o E-mall; reirfo@kelsh.com
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APR-D1-2016 14:18 DIAGNOSTIC PHYSICS SUS. 3173382496 P.01-B4

PHOTON MEASUREMENTS PLUS
P.O. BOX 63, SPICELAND, IN 47385
765/987-0365

facsimile transmittal

To: Mr. James Mullauer Fax: 623-214-5213
From:; Edward E. Wroblewski, M.A. Date: 41, /P
Re: Imaging Center of N.C. Indiana Pages: Total of 4 including Cover Sheet
cC: NA
v . . v . . . . .

O Urgent OForReview O Please Comment [ Please Reply X As Requested

Notes:
Dear Jim. Attached are the results of the radiation integrity survey completed on February 19,

| 2010. Please call or page me if you have any questions. Pager 317904-3607. It is always my
pleasure to work with you on USNRC licensing actions. Have a good rest of the day (& don't hurt
yourself).

-ed




APR-01-2616 14:19 DIAGNOSTIC PHYSICS SUS.

PET/CT ROOM POINTS EXPOSURE RATE

(mB/hn)
[Patient Injected with A-B 0.13
16 mCI F-1§] 8-C 0.10
Cc-D 0.15
D-E 0.16
E-F 0.40
F-G 0.0
H- 0.30
A-l 0.11
J 0.15
K 0.10
UPTAKE ROOM 1 L-M 0.1
{Patient Infected with M-N 1.06
16 mCI F-18)] N-P 0.35
UPTAKE ROOM 2 P-Q 0.08
{[Patient Injected with Q-L 0.6
16 mC! F-18] N-R 0.5
R-T 0.1-0.5
UPTAKE ROOM 3 T-X 0.08
{18 mCi F-18 X-P 0.6
in syringe as point R-U 1.5
source.] U-v 0.4
V-W 0.18
wW-T 1.1

Imaging Center of North Central Indiana, Kokomo, IN

A calibrated Victoreen lon Chamber (M/N: 451P) was used
to assess radiation exposure rates as noted above.

Edward E. Wroblewski, MA, DABSNM
Survey performed by Willlam K. Breeden, MS, DABR
on February 19, 2010.
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Mullauer, James

From: Wroblewski, Edward [EEWroble@stvincent.org}]
Sent: Thursday, April 01, 2010 9:57 AM
To: Mullauer, James
Subject: Imaging Center of North Central Indiana-Shielding
Attachments: Original Physics Report.pdf

Dear James,

Please find the original Shielding Calculations that were done for the Imaging Center of N.
Central Indiana (Kokomo, IN) completed by K & S Associates. Please note, I will be faxing
a copy a radiation safety survey (shielding integrity test) that was completed on February 19,
2010 either this afternoon or tomorrow (4/2/10). Thank you for your assistance. Have a
good day! -ed

Edward E.Wroblewski, MA

Diplomate, ABSNM

Medical Physicist/Radiation Safety Officer
St. Vincent Hospital

2001 W. 86th Street

Indianapolis, IN 46260

T: 317/338-2381

F: 317/338-2496

Pgr: 317/338-3550 ID 8836

E: eewroble@stvincent.org

"Learn from yesterday, live for today, hope for tomorrow. The important thing is not to stop
questioning." --Albert Einstein

CONFIDENTIALITY NOTICE:

This email message and any accompanying data or files is confidential and may
contain privileged information intended only for the named recipient(s). If
you are not the intended recipient(s), you are hereby notified that the
dissemination, distribution, and or copying of this message is strictly
prohibited. If you receive this message in error, or are not the named
recipient(s), please notify the sender at the email address above, delete
this email from your computer, and destroy any copies in any form immediately.
Receipt by anyone other than the named recipient(s) is not a waiver of any
attorney-client, work product, or other applicable privilege.



' K & S Associates, Inc.

» == ]
a ' ' 1926 EIm Tree Drive « Nashville, Tannessee 37210-3718
i

Voice 615-883-9760 ¢ Fax 615-871-0856 » Schedule 800-522-2325

DIAGNOSTIC X-RAY FACILITY SHIELDING SPECIFICATIONS

FACILITY: IMAGING CENTER OF NORTH CENTRAL INDIANA REPORT DATE: 11/11/2003
KOKOMO, INDIANA VERSION: 1A
TESTNO: 031508
ROOMS:

R&F ROOM 150; CT SCAN ROOM 139; PET UPTAKE ROOMS 145, 146, 147

Design Criteria

The following shieiding calculations and specifications are derived on tha basis of the recommendations of the
Natione! Council on Radiation Protection and Measurements as conlained in NCRP Report Number 48, "Medical
X-Ray and Gamma-Ray Protection for Energies up to 10 MeV - Structural Shielding Design and Evaluation," and
lhe enclosed stated workloads and conditions, The design limits, howaver, have been modified to reflect
changes in Federal and State radiation protection regulations (NRC Part 20 compliance) and NCRP Report
No. 116, “Limitation of Exposure to lonizing Radiation.” Also, where appropriate, altemalive methods of
calculation that reflect the conlinuing svolution of equipment, techniques, and evailable dala were used as a
supplement to NCRP 49 A iisl of references for these melhods is provided n the report Where specific
informalion regarding the workload for \he proposed facilily was unavailable, the typical workioads for busy
installations as provided in NCRP 49, supplemented and updated by (he listed references. ware used as a guids

No responsibility is assumed or implied for the adequacy of the enclosed specifications for workloads and/or
condilions other than those stated herain.

This report was prepared for ; BRIAN KOETTER
HA&H SYSTEMS AND DESIGN INC.
NEW ALBANY, INDIANA

hn W. Pagel, MSY Thomas W. Slowey, PE_/
Medical Health Physicist Radiation Physicist

\[JAJLQ,«\J D
Vivian Denton, RT(R)(T)
Design Consultant

K & S Associates, inc. s 1925 EIm Tree Driva » Nashville, Tennessee 17210
615-883-D760 o 1.800-522-2325 « Fax 615-871.0856 « E-mall: keirfo@ksiab.com



SHIELDING SPECIFICATION SUMMARY

Facillty: IMAGING CENTER OF NORTH CENTRAL INDIANA Date: 11/11/2003

KOKOMO, INDIANA

Version: 1A Reviawed: g! ﬁz

The shielding recommendalions listed below supersede alt individuel bamer specifications shown in the Calculation Details

NOTES:

1.

Specifications In the REQUIRED SHIELDING column are the thicknessas required for the barmier without regard fof any
exisilng or proposed conslnyction,

2. Specifications in the RECOMMENDED ADDITIONAL SHIELDING columns are the recommended thicknesses afier
considaration of any exisling of proposed construction. These specificalions are required in addition fo the exisling or
proposed construction. Specificalions for lead or gypsum havo been rounded up to the next available slandard size.

3. Any area of 8 barier that deviates from the slaled EXISTING CONSTRUCTION mus! be shielded wilh af least the smount of
matarial shown in the REQUIRED SHIELDING column. Holes in barriers must be covered so hat the overall prolection
provided is not impaited. Convenience outlets, switch boxes, utllity recesses, eic. musl be backed wilh iead of the
thickness shown In the REQUIRED SHIELDING column.

4. Thess recommendations are accurale only under the slaled condilions of this report. Any changes in equipment,
construction, workload, or any other parsmester of the project should be communicated 10 K & S so that its impact on the
required shielding ean be evaluated.

R&F ROOM 150
REQUIRED EXISTING RECOMMENDED
BARRIER | SHIELDING or PROPOSED ADDITIONAL SHIELDING COMMENTS
NUMBER Calcudsted CONSTRUCTION BASIC DOOR VIEW
Thicikness Specification | SpecHication WANDOW
] 1.5 mm lead 2x S8 gyp 116" lasd 1.5 mm lead
squivalent
258" gyp 1/64" load
2 0.10 mm lead (= 0.11 mm Pt} None of
18 go stoel
3 0.53 mm (ead 2x5/8" gyp 132" lead
See Design Recommendsfion 11
3A 1.06 mm lead Barrier 3 122" lead for placement of lead in back of
(area chest stand.  Note: H 1/16° lead &
behind used for Barrier 3, then no extra
| chest stand) tead s required for Barries 3A. )
4 0.62 mm lzad 2x 5% gyp 132" laad
* Lead 8o helps to shieid 1<ay
L] 024 mm lead Exterior wal 116° lead® room from PET scanner in
courtyard.
6 0.12 mm lond Zx S gyp 12" leed \RZ lead '
Ceiding 0.00 mm lead 22 go steal None
Floor I None Slad on grade None J

K & S Associates, inc. ¢ 16828 Eim Tree Drive « Nashville, Tennessse 7210
€15-883-0760 » 1-800-522-2325 « Fax 616-871-0856 ¢ E-mal: keinfo@ksiab.com



Imaging Center of North Central indiana 11/11/2003
Version 1A
CT SCAN ROOM 139
REQUIRED EXISTING RECOMMENDED
BARRIER | SHIELDING or PROPOSED ADDITIONAL SHIELDING COMMENTS
NUMBER | Calculated CONSTRUCTION BASIC DOOR VIEW
Thickness Specification | Specificaion | WINDOW
7 1.20 mm lged 2x5/8° gyp 116" tend 116 lead 1.5 mm
( Jead
] 1.43 mm leed 2 x 5/8" gyp 1/16° laad 118" lend
9 0.71 mm lead 8" CMU 1732° faad
(= 2.14° conerete)
10 1.42 mm lead 2x5/8° gyp 1/16" lead
i
22 ga sieel, No extra shielding f» required for roof if
Cefling 1.58 mm 0.85 mm steel of 1- No x-rays are produced whie roal i occupled
stael equivalent None 2 - Access requiren a key, which i kapt by
(if conditions the Radislogy Dept
tsted under 3 - Asign is posted by any entry hatchwey
“Commenis* ! Rel Indiana Stale Depariment ot Health
ars tatsfied) Radiologlc Heaith Division
Floor Nons Slab on g:ade None ]
=
PET UPTAKE ROOM #1 (Room 145)
REQUIRED EXISTING RECOMMENDED 1
BARRIER | SHIELDING or PROPOSED ADDITIONAL SHIELDING COMMENTS
NUMBER Calculsted CONSTRUCTION BASIC DOOR
Thickness Specification | SpecHication
)] 7.1° fled 8" filed concrela block None
cofcrels block
12 2.2" flad block B" filad block None
13 4.6° filed block 2" filed biock Nons
132" lead !
14 None 8" Mled block None (or sleel,
any gauge) [ ;
Celling None 22 ga steel None
1
Floar Nona Slab on grade None
L

K & S Azsociates, inc, « 1928 Eim Tree Drive « Noshvils, Tennossee J7210

615-883-0760 ¢ 1-800-522-2325 » Fax 615-371-0856 « E-mail: keirfo@halab.com



Imaging Cenler of North Central Indiana 11711/2003
Version 1A
PET UPTAKE ROOM #2 {Room 146)
REQUIRED EXISTING RECOMMENDED
BARRIER | SHIELDING or PROPOSED ADDITIONAL SHIELDING COMMENTS
NUMBER | Calculstod | CONSTRUCTION |  BASIC DOOR
Thickness Specification | Specification
15 3.7 fited 8" Rled concreie block None
concrete block |
t
18 2.2" fied block 8" filed block Nane |
17 3.7" flled block 8" filled biock None
132" lead
18 None 8" filed block None (or sieel,
any gauge) |
|
Ceiling None 22 g stee) None |
Floos f None Slab on grade Nons
|
PET UPTAKE ROOM #3 (Room 147)
REQUIRED EXISTING RECOMMENDED
BARRIER | SHIELOING or PROPOSED ADDITIONAL SRIELDING COMMENTS
NUMBER Calculsted CONSTRUCTION BASIC DOOR
Thickness Speclfication | Spacification
19 7.1" fillad 8 filed cancrela block Nons
concrete block
20 22" fiBed block 8" fifled block None
21 None 8" filed block None
132" lead
22 Nona 8" filled block Neone (ar steel,
any gauge)
Celling Nona 22 ga steel None
Floot None Siab on grade None

X & S Associstes, brc. » 1826 Elm Trwe Daive s Nashvibe, Tonnassee 17210
615-893-9760 « 1-800-522-2325 « Fax 615-871-0856 = E-malk: ksinfof@kalsb.com
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K.

INFORMATION FOR EVALUATING X-RAY INSTALLATIONS
R&F Room 150

MILLIAMPERAGE - 1000

KILOVOLTAGE - 100

WORKLOAD (RADIOGRAPHIC) - 100 mA-minutes/week*

1. Percent of workload with beam directed toward wall cassette holder - 25%
2. Percent of workload with beam directed toward other walls - 10%

2. Percent of workload with beam directed toward floor - 100%

. WORKLOAD (FLUOROSCOPIC) - 400 mA-minutes/week*

WALL, FLOOR AND CEILING MATERIALS AND THICKNESSES PROPOSED OR EXISTING

Barrier - 1 2 x 5/8" gyp plus 1/16 lead

Barrier - 2 2 x 5/8" gyp plus None (except door)
Barrier - 3 2 x 5/8" gyp plus 1/32" lead
Barrier - 3A Barrier 3 plus 1/32 lead

Barrier - 4 2 x 5/8" gyp plus 1/32 lead

Barrier - 5 exterior wall plus 1/16" lead
Barrier - 6 2 x 5/8" gyp plus 1/32" lead
Barrier - Ceiling 22ga stl

Barrier - Floor slab on grade plus NONE
DOES ROOM HAVE WINDOWS? No

. OCCUPANCY OF AREAS ADJOINING WALLS, FLOOR CEILING

Barrier - 1 Control booth
Barrier - 2 Corridor
Barrier - 3 Corxridor
Barrier - 3A Corridor
Barrier - 4 Lockers, Tlts
Barrier -~ 5 Exterior Court.
Barrier - 6 Toilet

Barrier - Ceiling roof

Barrier - Floor none

HEIGHT OF X-RAY ROOM AND ROOM BELOW (Floor to Floor)
X-Ray Room - 14.0 ft.
Room Below - 0.0 ft.
DESCRIBE PROPOSED SHIELDING FOR OPERATOR OF X-RAY UNIT
Barrier: 1 - 1/16 1lead
View Window: 1.50 mm lead equivalence

DESCRIBE METHOD OF REPLACING SHIELDING IF ITS EFFECTIVENESS IS
REDUCED THROUGH SUCH INSTALLATIONS AS ELECTRICAL SWITCHES,
OUTLETS AND CONTROL BOXES AND PIPES OR DUCTS

Lead

SCALED DRAWING OF ROOM IS ATTACHED.

FACILITY: Imaging Center of North Central Indiana

PREPARED BY: K & S Associates, Inc. Date:10/23/2003

*NOTES

Avg workload for RF room in US (AAPM TGS survey):
230 mA-min/wk(F), 35(R)
Increased to provide safety margin to: 350 mA-min/wk (F)
100 (rad)



SHIELDING SPECIFICATION TABLE
R&F Room 150

KEKKAKKEKERKKKKAERRKRAEARARKR KRR RAARRRRARRR KA R A ARk R XA AN hkR Ik kdkhkrkhdhkhhkhkhkkkhk

*BARRIER |TYPE |DIST. u | T jwuT | REQUIRED |STD. | EXIST. | RECOMMENDED *
* [ | (FT.) | | [LEAD CON.#| SIZE| SHIELD | ADDITIONAL *
e l | I I ] |(mm.) (in.) | l | W
PR T LI IR IR LITEY S 2222 I IS ST F LT ILLTEE LTI EL R Z LI SIS S LTS E RS 2 32 222 2 2 2 28 2 & %3
*1 {SN | 8.041.00(1.00( 500| 1.50{ 5.58|1/16 |2 x 5/8"|1/16 lead *
* [ | i | | | | | |gyp I B
D 1 £ 5 00 0 e (e o 0 10 05 o ) C e e ) ) 0 3 (10 () e ) E 0 ) ey 1 ) 5 55 £ 3 e e £ e ) ) E 0 (3 ) (3 ] 00 £ 000 100 £ ) ) (0 o I *
*2 [SN | 14.0)/1.00(0.13| 63| 0.10{ 0.55]/1/64 |2 x 5/8"|None *
& I | I | | I | I lgyp | (except door) *
e o O 0 o D A N e I o e ) I ) ) e 0 0 ) e e e ) e e e e 55 e e e 9 e e £ £ e 5 3 £ 1 (1 e e 1 ) ) e e e ) e O *
*3 PN | 11.5]0.10|0.13]| 1| 0.53| 2.59|1/32 |2 x 5/8"|1/32" lead *
* ] ! I l | | f i lgyp I *
W o o o o e e o e o e e e e e D G D e 8 S T o o T T = T A o o o o o e = > ——— - = = = = . = — — - *
*3A IPN | 8.010.25(0.13| 3] 1.06| 4.05(1/16 |Barrier [1/32 lead *
* [ [ I | I | I | I3 | *
£ 3 (900 o ) e eI S I D ) 1 ) o ) o 0 C ) ) 0 5 0 0 e e o s e e e ) X 0 S 0 e e Ol 0 O ) £ D 00 5 I 5 e 30 D o 0 (o I S O *
*4 [PN | 6.5]0.10/0.08]| 1| 0.62] 2.57|1/32 |2 x 5/8"|1/32 lead *
3 I I | I | | | I lgyp | *
C P 0 o 0 o010 29 0 (oS ) 0 e ) E 0 £ () 0 3 00 ) o 0 ) 0 3 i) o e 0 3 ) ) ) 3 e ) e ) e 3 3 e 53 ) 09 9 3 3 e e e 3 £ 0 e e e 5 e *
x5 |IPN | 15.0]/0.10|0.13] 1| 0.24| 1.26(1/64 |exterior|1/16" lead *
* | | [ | [ | | | jwall | &
P C0 3 (550 o e o e e e e s ) e ) TS ) I ) o ] O e e e £ e X ) ) e ) ) e e S 3 3 XS S e S s *
*6 [SN | 8.0(1.00{0.05| 25} 0.12| 0.67|1/64 |2 x 5/8"|1/32" lead *
* ! I | | | | I | lgyp | *
P O O o e 5 1 e O ) (5 0 5 10 0 1 ] 0 e 0 o 3 o (1 £ 3 0 e o £ o ) £ 3 ) e o e e ey ) e e o e e e ) ) e ) ) 3 o ] e £ ) ) ) e e e 2 £ o (o 3 o e *
*Ceiling |SN | 14.0]1.00/0.02] 8] 0.00|] 0.00j |22ga stl| NONE *
* I ! I I | [ I I I [ *
D s 0 ) o eI e 0 X Eo e e o e e e eI T ) ) () ) e ) o ) S e ) I ) (S =K e e e e o e e e o I Y 3 e o e -%
*Floor |—=——|~=--- il el e R |-==--= | -==-- |[slab on |NONE *
* | I | | | | | | |grade I *

L L g Ly L 2 R O R T e . I A R R e R e R LR
# Concrete specifications are in 147 1b./cubic foot unless otherwise noted.

kVvp: 100

mA: 1000

DOOR(S):
BARRIER 2: 1/64" lead or 1B ga. steel door
BARRIER 6: 1/32" lead

VIEW WINDOW(S}):
BARRIER 1: 1.50 mm lead equivalent.

NOTES:
Equipment: GE Precision 500D, 65 kW, chest stand



SHIELDING SPECIFICATION TABLE - CT SCANNER|

FACILITY: Imaging Center of North Central Indiana DATE: 11/4/03
Kokomo, Indiana

ROOM: CT SCAN ROOM 138
o A T Reforence Scans {Nota 1) Dy d B(x) CALCULATED SHIELDING
1 (Riwk) mR/scan @ d. 4" . Riwk @1 ft () mm Steei
] Body | @ 9w | Heed | @dem
1.07 9.90 027 10.96 80.31 20.0 9.96E-03 14.7
A 8
=0.14 mm Pb) SHIELDING: |+ ! " fopd ",
Referencs Scans D, d B{x) CALCULATED SHIELDING
mR/scan @ d.4ft) Riwk @1 R (L] mm Lead inConc | mm Steel
S L
Bady | @ dny | Head | @0
V.07 | 1248 | 0.27 | 13.92 134.78 13.0 5.02E-03 1.43 5.6 :
=0.11 mm Pb) SHIELDING: | WH
Refarenca Scans D, d B{x) CALCULATED SHIELDINO
mR/scan @ ddf) Riwk @11 (fr) mm Lead | inConc | mm Steel
=
Body | @de | Head | @dy
0.53 13.49 | 0.53 | 10./9 10027 12.0 4.60E-02 D.?t 3.1 76
B L N .,. ;:"""-'“'“‘.‘Z',,
14" 147 pef concrate SHIELDING: | “'“‘f < M‘ : T
Reference Scans D, d B{x) CALCULATED SHIELDING
mR/scan @ dy{R) lek§1 n 18] mm Lead nConc | mm Steel
Body | @dy | Head | @dpy
107 [ 13481 027 | 13.1B 151.54 14.0 5.17E03 1.42 55 17.9
m T
=0.11 mm Pb) SHIELDING:}'~-  ~ amc
Reference Beans D, d B{x) CALCULATED SHIELDiNG
mRfscan @ d.Af Rwk@inr| (1t mm Laad | m Conc | mm Steel
—
Body | @G | Heed | @dy (Note 2)
0.53 1515 ] 027 | 1446 112.91 16.75 3.18E-01 0.20 1.1 1.58
A
ee Note 3: Equivalant lo 0.85 mm steel + memhbrane roof + ... SHIELDING: | M!ﬂﬂﬁ&ﬁ.m’ar
P A T Reference Scans D, d B(x) CALCULATED SHIEI..DINO
‘?J\.ﬂ.l!r.} mRfecan @ d (i) Riwk &1 ft m mm Lead InCone | mm Steel
B Body | @ | Hend | @
1' 0.002 1 Q -~ - — -~ - - - 0.00 0.0 0.0
1 w Shielding: RECOMMENDED ADDITIONAL] jooiont  comes’ wo m o &
S _,‘*’" < Siab on grade sHELOING:| 4 7 Wiy ™.
N = Non-comtrofled area, C = Controlled area All barriers are Secondary barriers. Calcutated shielding specification for concrete is lor 147 pcf
P = weekly radiation imil for area 1o be shielded, A = ALARA, redustion factor, T = occupancy factor, PATT = net weekly exposure fmit
Y OF DOO SH [c] Ul
DOORS : Barrier 7 - 418" lead VIEW WINDOW: Bamier 7- 1.5 nmum fead equivalent

Barrler 8 - 1118~ f=ad

* NOTE An additional 22 ga steel wikl provide sufficient shielding. Alternatively, no extra shielding is required if:
CERING: Roof has restricted access, with signs by any erdry points weming maintenance personnel or others wha might be going on the
roof of the hazard (requirement of Indiana State Department of Health). Any entry hatches or doors must ba kept focked, with the
key being kepl in the Radiology Department. No x-rays can be produced by the x-ray machine In the CT room i amyone Is on the roof.

Ref John Ruynk, Director, Indoor and Radiologic Heatth Division, indjana State Department of Kealth

K S Assoclates, inc, 1926 EIm Tree Drive Nashviile, Tennessgee 37210
615-883-9760 1-800-522-2325 Fax 615-071-0858 E-mall ksinfo@hsiab.com



CT SCAN ROOM 139

11/4/03
EQUIPMENT: GE Lightspeed Pro 16 multislice scanner
WORKLOAD:
Realistic busy worldoad for a highspeed muitisice scanner is We 30,000 mA-minfwk @ 120 kVp (ref. G. Bames)
This is based on calculations wiuch take into eccount the maximum x-ray housing cooling rate.
Since a typical workload in practice ranges from 10-20,000 mA-minfwk, this workload should provide a safety margin.
The madiation ecstier diagrame are far 140 kVp, for which the equivalent woridoad s W = 15,000 mA-min/wi @ 140 kVp.
Reference: sae Table 2, p, 64, NCRP Report 48
Assume half of worldoad is for body scans: Body scans: 7,500 mA-miniwk
and half is for head scans: Head scans: 7.500 mA-minwk
Total workload: 15,000 mA-min/wk
SCATTER SURVEY REFERENCE SCANS: KV 140
Average scatter radiation level at 1 foot is based on an equel workioad (or Head scans and Body scans
Scafter diagram data is for 710 mAs per scan (11,83 mA-min/scan)
Numbaer of Referance Scans per weekly workload:
Nole 1 Head scans: 7,500 mA-min week/ 11.83 mA-min/scan= 834 reference scansiwk
Bodyecans: 7,500 mA-min iweek/ 11,83 mA-minieanc 634 reference scans/wk
CEILING:
Dua to gantry ehielding, litle radiation is emitted directly overhead. Calculation for celiing s for 30 deg angte from vertical.
Floor-cefing distance : dec(ff) =  14.5
Nole 2 Angular distance: dftye 145 [cos 0= 16.75 ft
Ceiling has 22 pa steel deck
22 ga sleel = 0.79 mm steel
Effective floor thicknesa for incidence at an angle through a bavrier 6 & given by:
Note 3 Koy = B(1+1/coe8)2= 0.79 mm steel x (1 + 1/cos 30) /2 = 0.86 mm stael
Cailing also contams single-ply membrane roof, R-18 roof insulation, steel bar jst, and acoustic lay-in ceiling.
FORMULAS: Ref : Simpkins, Health Fhysics, March 1990
D, (Riwk @ 1 ft) = (mR/scan @ dy} x (scansiwk) x d,.,’ x0.001 RmR
Boo=(PATIX/D, = [(1 + Bla)e™™Bra™” x = /ey In[(B(x)"" +R/oc) § (1 +B/ct)]
[ ForB=6.80E-01 kvp o 8 v xmm} (i)
Lead 120 270214 62227 07721 005 000
140 286662 4659 0.7821 0.06 0.00
Concrete 120 003828 00142 0.65682 756 0.30
140 003358 0.0122 0.5185 8.64 0.34
Steel 120 027957 1 5191 1.2357 026 0.01
140 0.19215 0.9519 0.0649 Q.39 0.02
Gypsum 120 00010 0.0268 0.4125 1469 059
140 0.0118 0.0167 1.3910 1572 0.82
Glnss 120 003213 0.01450 0.2280 837 033
140 0.03544  0.00875 0.9450 8.85 0135
REFERENCES:  Simpkin, Douglas, Health Physles 58: 363-7, 1880

Barnes, Gery, Muitislice CT Ragiation Shielding Design: Implications of Increased Workload and Scatter, SE Chapler AAPM, 3/2000

K S Associates, inc. 1926 Ein: Tree Drive Nashville, Tennessee 37210
615-883-9760 1-800-522-2325 Fax 615-871-0856 E-mall ksinfo@ksilab.com
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PET INJECTION / UPTAKE ROOM
RADIATION SHIELDING REQUIREMENTS

Facllity: Imaging Center of North Central indlana Date: 11/11/2003

Kokomo, Indiana

Room: UPTAKE #1, Room 145 Version: 1A
RADIATION DOSE FROM PATIENTS
Adminisiered dose of F-18; Avg 12 mCi, mex 15 mCi 15 mCi/pat
Halflife of F-16 1.83 hr
Uptake panod (time spent walting in room) 1 heipat
Dose rate from F-18 @ { foot 748  mR/AhmCi)
Absorbed anerpy fraction (or SO0 KeV photons in whole body 0.34
May Inftial unshielded dose rate/patient irom F-18 @1 fi 15 mCix (1-0.34) x 748 = 749 mR/Mh gt’
Intagrated dose from F-18 In palient t=0 hr to t=1 hr {maximum)
laking into account the radloactive decay of the radionuclide during this pariod (see caic table below) 61.7 mrem g1’
Radioactive pauenisiwk; Uweok inttiatly  15week (max in tulure) 15 patwk
Total mrem/week @ 1 it = 81.7 mrenvpat @ 1 fix 15 patients/week = 826  mremhk@!
SHIELDING CALCULATIONS
Adjacent Area P (Hmit A |Occup. d mremwk | Req'd Attenu. REQUIRED SHIELDING
«gwri',aﬁﬁw&;w mremiwk T m ad B{x) ~Lasd | * Concrete [Fifed Biock
Sy 06 TAEDT D45 56 71
RECOMMENDED SHIELDING; |, 115082 Hahgl 0 Soef 500 |
mremhwk REQUIRED SHIELDING
_fd Bix) “Lead | " Concrete |Filled Block
758 5.29E-01 0,15 181 22
RECOMMENDED SHIELDING: |- 7 -5 7 N 000, e
mremiwk REQUIRED SHIELDING
d B{x) _ ~lesd | = Conecreie | Fllled Block
370 2.7CE-01 0.3 37
RECOMMENDED SHIELDING: i -+ 5t ey Do =) o1 L=
roremiwk REQUIRED SHIELDING
@d B{x) “iead | " Concrete |Fillled Block
10.3 1,58E+00 0 11 128 -15
RECOMMENDED SHIELDING: [will-hiona: Doty -y gaage sheel of 14437PH
miremiwk REQUIRED SHIELDING
_ed B(x) "Lead | " Concrete
B0
mremiwik REQUIRED SHIELDING
g d Bin) " Lead " Concrete

0o

'ineeldyimTwpancme dedistance from source 1o area {0 be protected, A= N.ARAhcbrbyM\khaauwoddmarowm
Concrate thickmets spacifiad is for 147 pcf

B{x) = transmission factar required to reduce raciation leval ta PA/T per weel
C = Controlied area, NG = Non-conbolted area

Revison to Version 1: Roal has 22 ga stedl (not 22 pe siaal ¢+ 4° concrste)

K S Associates, inc. 1926 Eim Tres Drive Nashville, Tennessee 37210

815-883-9700 1-800-622-2325 Fax 616-871-0850 E-mal) kainfo@kalzb.com




UPTAKE #1, Room 145

Page 2
11/11/2003
[RADIOACTIVE BOURCE DATA |Nuclide |Hatlife! y Dose Rate HVL HVL HVL
1 Energy |MRMAWMCi@1'| mm Lead " Lead | "~ Concrele
{ F-<8 [1.83h] 511 KeV 748 42 Q17 187 |
EXPOSURE FROM PATIENT WITH INJECTED ACTIVITY
Exposure E{mR) @ 1 fool from patiert injected with *A™ mCl of a pasilon-emitling nuclide with hatfiifa Ty, hours, beginning al
thme ty(rs) after injection of the radlonuclide, and ending al time t{hrs) afler Injection, where the patient absorbs a fraction F
of the ensrgy emitted.
Postron-emitter |1 (mRI(hmCyj@ 1] F Ta2(N0) A (MmCD T i EMRY @ 1

18F 7.48 0.34 1.83 15 0.0 1.0 817

18F 7.48 0.34 1.83 15 1.0 15 231
CEILING
Floorcalling distance = 14 feet
Composiion: 22 ga steel
C-PET SHe Planning Guide
GE PETuace Shte Planning Guide
Handbook of Health Physics and Rediological Health, 3rd Ed, 1998
Discavery LS Site Praparalion Manual (10/17/01)

PETShxis

WEEKLY DOSE LIMITS
10 mremAwk - Controlled areas
2 mremwk - Uncontrolled areas

K S Associates, Inc. 1828 Elm Tree Drive Nashville, Tennesses 37210
B16-885-9780 18D0-522.2326 Fax 815-871-0868 E-mall kainfo@hksiab.com



PET INJECTION / UPTAKE ROOM
RADIATION SHIELDING REQUIREMENTS

Facility: Imaging Centsr of North Central Indlana Date: 11/13/2003

Kokomao, Indlana

Room: UPTAKE #2, Room 146 version: 1A
RADIATION DOSE FROM PATIENTS
Administered dose of F-18; Avg 12 mCi, max 15 mCl 1B mCi/pat
Halftife of F-18 1.83 hr
Uptake period (time spent waiting in room) 1 he/pat
Dose rate from F-18 @ 1 loot 7.48 mRJ(hamCi)
Absorbed enargy fraction for 500 KeV pholans in whole body 0.34
Max Initlal unshielded dose rate/patient from F-18 @1 ft 15 mCix (1-034) x 7.48 = 741 mR/h g’
|ntegrated dose from F-18 (n patient, t=0 hrio t=1 hr {maximum) s
taking into account the radioactive decay of the redionuclide dutng this period (see lable on nexi page) 61.7 mrem @i’
{Radioacﬁve patisma/wk: 3hweek Initislly 15week (max in future) 15 patiwk
Total mremiwesk @ 1 ft = 61.7 mrem/pal @ 1 fi x 15 palientsiweek = 926  mremiwkeT|
SHIELDING CALCULATIONS
Aﬂ]mnt Aroa P (imit) A |Oecup. d mremiwk | Req'd Atlanu, REQUIRED SHIELDING |
' ) Qd B{x) "Losd | " Concrete |Filked Block|
50 37.0 2 TOE01 031 | 37 46
RECOMMENDED SHIELDING: [~ ="~ 77" “Nome == v+ |
d mremiwk REQUIRED SHIELDING
Yy g d B{x) = Lead = Concrete | Filked Block
3.5 758 52601 815 181 22
RECOMMENDED SHIELDING: | NI, R R
d mrombk REQUIRED SHIELDING
(] ad B{x} ~Lead | *Concrete |Fillad Block
50 37.0 2.70E-01 031 37 ]
TS TS o
d mremiwk REQUIRED SHIELDING
{n gj B(x) “Lead | " Concrete |Fiiked Block
[ 103 1.56E+00 01 -1 26 45
RECOMMENDED SHIELDING: | Wail: nons. Dot pay ateed or 132°Pb
d mremiwk REQUIRED SHIELDING
() _an B{x} " Laad = Concrete
14.0 47 1.89E+01
RECOMMENDED SHELDING: | yariimatdis Lag ni
d mremiwk REQUIRED SHIELDING
n g d B{x) * Concrats
- - 0.0
: M‘éﬁs“emuw $0G RECOMMENDED SHIELDING: Ry

B(x) = ransmssion factor required to reduca radiabon Jave to PA/T per week
C = Contoded ares, NC = Non-controlied srea

Pﬂwnldy b, Teoccupancy feclor, d=dntance from source to area 1o be protecled, A = ALARA factor by which aowed dose & redvced
Cancrete thicknase specified is for 147 pcf

Revision to Version 1; Roof has 22 ge siegl (nol: 22 ga sles! + 4" concrele)

K S Associates, inc. 1928 Elm Tree Deive Nashville, Tannedses 37210
015-883-0700 1-800-522-2526 Far §15-871-0856 E-meil ksinfoBhsled.com




UPTAKE #2, Room 148 Page 2
11/11/2003
RADIOACTIVE SOURCE DATA |Nuclide [Halfife 7 Dose Rale FVL HVL RVl ]
Energy [MRAMCI@1| mmleed | "Lead | °Concrete
F-18 11830} 511 KeV 7 48 42 Q17 197
EXPOBURE FROM PATIENT WITH INJECTED ACTIVITY
Exposure E[mR) @ 1 foot from patlent injecled with “A” mCl of a poailron-emitiing nudide with hatfille Ty, hours, beginning st
time t,(hrs) afer injection of the radionuclide, and ending at time t.(hrs) after injection, where the patient sbsorbs & fraction F
of the energy emitied.
Poslron-emitier |1 [MROBMCH @ 1] E T e} A (mCy " ;, [EmMR@T

18F 7.48 | 0.34 1.83 15 0.0 1.0 81.1

18F 7.48 | 034 1.83 15 1.0 1.5 239
CEILING
Floor-ceiling distanice = 14 R
Composition: 22 ga sieel
REFERENCES:
C-PET Slte Pilanning Guide
GE PETrece Sile Planning Guide
Handbook of Health Physics and Radlological Health, 3rd Ed, 1998
Discovery LS Siie Preparalion Manual ($0/17/01)

PETSh.xis

KLY IMITS
10 mremiwk - Controlled areas
2 mremiwk - Uncomtrolled areas

K S Azsocixtins, inc. 1928 Elm Tree Drive Nashvills, Tennessee 37210
616.883-0700 1-800-522-2325 Fax 0158710868 E-mail ksinfofbkabd.com



PET INJECTION / UPTAKE ROOM
RADIATION SHIELDING REQUIREMENTS

Facllity: Imaging Center of North Central indiana Date: 11/14/2003
Kokomo, Indlana
Room: UPTAKE #3, Room 147 Version: 1A
RADIATION DOSE FROM PATIENTS
Administered dose of F-18: Avg 12 mCl, max 15 mCi 16 mCUpat
Halflife of F-18 1.83 hr
Uptake period {time spent waiting in room) 1 hr/pat
Dose mte from F-18 @ 1 foot 748  mRAhmCi}
Absorbed energy fraction for 500 KeV photons In whole body 0.34
Max Initial unshielded dose rate/patient from F-18 @1 & 15mCix (1-034) x 748 = 744 mR/h g1’
integratad doga from F-18 in palient, t=0 hr to t=1 hr (maximum)
taking into eccount the radioaclive decay of the radionuclide during this period {see calc table below) 61.7 mram g1
Radloactive patiente/wk: 3Aweek inftially  15Aweek (max in fulure) 11 patwk
Tolal mrem/week § 1 0 = 617 mrem/pat @ 11 15 patienisiweek = 926  mremwk@l’
SHIELDING CALCULATIONS
Oeccup. d mremwk Req'd Altenu. REQUIRED SHIELDING
T (L) ad B(x) “lead | ~Concreta |Fifled Block
12 55 30.8 1.31E-01 €.48 58 7.1
CMU block RECOMMENDED SHIELDING: [5737<5 &:85% ¥ Nope i & g o
T 4 raremiwk REQUIRED SHIELDING
(] @d B{a) "Lead | =Concreta |Filled Block|
1720 3.5 75.6 5.29€-01 0 15 181 22
ChU block RECOMMENDED SHIELONG: [ . " -7tz i ‘Nomw.» %, 2. -
T d mremiwk REQUIRED SHIELDING
() ad Blx) =Lead | *Concrets |Filled Block
1720 8.0 257 1.58E+00 -0 11 4 3 -15
CMU block RECOMMENDED SHIELDING: |47 -, 254 5~ st UV
T d mremiwk REQUIRED SHIELDING
{n ﬂ d B(x) * Lsad " Concreto | Filled Block
118 8.5 10.3 156600 | 0.1 -1.28 15
CMU block RECOMMENDED SHIEELDING: [ Wai: none, Dook: any shebl or LBZPb.
T d mremiwk REQUIRED SHIELDING
L") ___gd B(x) “Lead | " Concrets
1130 14.0 47 1.69E+01 -0 68 B0
2Zga steal REGOMMENDED SHIELDING :|'¢« 2 &7 =5 ;% in; None.\s © 0w
T d mremiwk REQUIRED SHIELDING
( ﬁ d B{x) " Lead " Concrote
0 - -—

RECOMMENDED SHELDING:}

B(x) = tramamiasion facior required to reduce rediation keval to PAT pas weskc
C = Controlled area, NC = Non-controlled area

Mlml.'l’-oowpaanm d=diztance ram sourcs 1o arca 1o be protected, A-mwwmmmmhw@m
Concreta thickness specifind Is for 147 pef

Revision 1o Version 1: Rool hes 22 ga atesl {not 22 ga stesl » 4 congrale)

K S Associgtos, inc. 1828 £im Treo Drive Nashviife, Tennsssee 37210

415-383-9780 1-800-522-2326 Fax 015871-0060 E~mall kainfo@hsied.cam




LPTAKE #3, Raom 147 Paga 2
11/111/2003
RADIOACTIVE SOURCE DATA |Nuciide |Halfite ¥ Dose Rete HvL HVL | HVL
l Enegy |MRMMCI@1'| mm Lead °{eed | "Concrete
F-18 [183hl 511Kev 748 | 42 [ 017 197
M PATIEN INJ TIVITY
Exposure E(mR) @ 1 foot {rom palient injected with "A" mCl of a positron-emitling nuclide with haiflife Yy, hours, beglnmng at
Ume ty(trs) after injection of the radionuciide, and ending at ime 1(hrs) afier Injection, where the patient absorbs @ fraction F
of the energy emitted.
Postron-emitler [T (MUM.MC @] F | Tl A (MCy 1 " EmMRY@ 1'

16F 7.48 0.34 1.83 15 0.0 1.0 61.7

18F 7.48 0.34 1.83 15 1.0 1.5 239
CEILING
Floor-cailing distance 3 14 feal
Composition 22 ga slesl
REFERENCES:
C-PET Sile Planning Guide
GE PET\ace Sits Planning Guids
Handbook of Health Physlcs and Redioiogical Health, 3rd Ed, 1958
Discovery LS Gite Preparation Manual (10/17/01)

PETSh s1s

WYECNLT WAJOE LIMILS
10 mremiwk - Controlled areas

2 mrem/wk - Uncontrolled areas

K S Associates, inc. 1920 E/m Trea Orive Naghvifte, Tennessea 37210
§15-803-9760 1-800-522-2325 Fax 615-871-0856 E-mall ksinfo@katad.com





