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SUPPLEMENT #4
-
Item 10, Form NRC 313 I, Radiation Detection Instruments.

Portable Instruments

NO. RADIATION SENSITIVITY
TYPE MANUFACTURER MODEL # AVAIL DETECTED RANGE
Proportional Nuclear Measurements Corp. PC-4 1 Alpha, beta 0-3.5 x 10% cpm
G-M Ludlum Measurements Inc. Model 2 2 Beta, gamma 0.1-50 mR/hr

G-M Victoreen Thyac II, 1 Alpha, beta, 0.05 - 20 mR/hr
Model 489 gamma 50 - 800 cpm

G-M Victoreen Thyac III, 1 Beta, gamma 0.05 - 200 mR/hr
Model 490

Ion Chamber Victoreen Model 440-RF 1 Gamma 1 - 300 mR/hr

Scintillation Eberline Iustrument Gadora-1B 1 Gamma 1 - 1000 R/hr
fon Chamber Nuclear Chicago Model 2592 1 Gamma, beta 0.5 - 1000 mR/hr
0 - 10 mR

G-M Eberline Instrument Teletector 61128 2 Gamma, beta 0.01 - 10° mR/hr

Area/Resin Bed Monitors

Scintillation Nuclear Measurements Corp Model GA-2TO 1 Gamma 0.1 - 1000 mR/hr
_ Scintillation Nuclear Measurements Corp Model GA-2TO 2 Gamma 1.0 mR/hr - 100 R/hr
Scintillatio. Nuclear Mcasurements Corp Model GA-2TA 1 Gamma 0.1 - 1000 mk/hr

Scintillation Lud lum Measurements Inc. Model 44 1 Gamma 0.02 - 20 mR/hr
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Supplement #4 continued

Item 11, Form NRC 313 I, Calibration of Instruments

Portable instruments are culibrated quarterly by Rad Services, Inc., as indicated
on Form NRC 313 I. A certificate of calibration by a NBS traceable source is
issued by Rad Services and kept on file in the HDL Safety Office. Sources

listed below are available for constancy checks.

Remote Area and Resin Bed Monitors permanently installed in the Gamma Radiation
Facility are calibrated at periods not to exceed three months. Instruments are
placed a known distance from a known source. Calculated values at various
distances from the known sources are compared with the observed meter response.
The following sources are available for calibr-tion and constance checks:

a. 1 Co-60 source, 12.3 mR/h at one meter, 26 Jan 1961 (NBS calibrated)

b. 1 Co-60 source, 1.07 mR/h at one meter, 26 Jan 1961 (NBS calibrated)

¢. 1 Co-30 source, 2.58 mR/h at one meter, 30 Nov 1972 (US Army calibrated)

d. 1Cs-137 * » 32.6 R/h at one meter, 2 Mar 1970 (AFRRI calibrated,
traceable to NBS)

¢. Radium (DEE) check source obtained from the National Bureau of Standards
approximately 28,000 counts/min alpha, plus beta, 23 Mar 1962.

See Supplement #6, Annex 6-F for calibration procedure.



SUPPLEMFNT #5

Item 13, Form NRC 313 I, Facilities and Equipment,

1. Area Description and General Features of Facility Crustruction.

a. Facility Location and Structural Characteristics. The Cobalt-60 Gamma
Radiation Facility is comprised of four rooms which are located in the Building
504 Radiation Facility at Harry Diamond Laboratories (HDL), 2800 Powder Mill
Road, Adelphi, Maryland. Plan/elevation drawings which characterize the
construction of the Radiation Facility and the surrounding area were presented
in the initial application as Figures 5-1 through 5-33. Figure 5-1 was included
iin order to indicate the geographical location of the HDL Radiation Facility and
its relationship to the surrounding Washington, DC suburban area. Figures 5-2
through 5-4 were included in order to present a more detailed ove;view.of the
HDL complex and provide topographical information about the area immediatoly
surrounding the Radiation Facility. Figures 5-5 through 5-33 are the archi-
tect's drawings/specifications from which the Radiation Facility was constructed.
The eantire building is classes as a ''moncombustible construction' type structure
as defined in the National Fire Codes, Volume 9, Part 220, published by the
National Fire Protection Association in 1975.

b. Location of Cobalt-60. Within the Building 504 Radiation Facility are
the four rooms which comprise the Cobalt-60 Gamra Radiation Facility., These
rooms arc numerically designated on Figures 5-5 through 5-33 as follows:

Room 2 i{s the Erposure Room in which all of the cobalt-60 source elements will
be used and stored. Room 4 s the Control Room from which the source elevator
i{s remotely controlled. Room 1 is an entrance maze which c..nects the Exposure
Room to the Control Room. Room 9 is a Mechanical Equipment room which houses
the Cobalc-60 elevator drive ¢ chanism and Exposure Room air handling equip~-
ment. The cobalt-60 source elements will always be stored at the bottom of the
wvater-filled cylindrical pool which is located in the Exposure Room, except
when they are raised above the surface of the pool water via a remotely con-
trolled source elevator. The dimensions of Rooms 1, 2, %, and 9 are presented
in Figures 5-5 and 5-7.

¢. Radiation Shielding. The Expcsure Room (Rm. 2) and the source sturage
pool located therein are designed to provide personnel protection from the
lonizing radiation emanating from a 40,000 curie cobalt-50 source. The gooi is
designed to provide 11 [eet of deionized water shielding over tha sources whean
they are located at the bottom of the pool. As illustrated by Figure 6-1 of
Supplement 6, this amount of shielding will reduce the exposure rate at the
surface of the pool to less than 0.25 mR/h. Details concerning the comstruction
of the pool are presented in Paragraph 2.a of this supplement. For in-air
irradiation, the Exposure Room walls are des’'gned for a maximum transmitted
exposure rate of 0.5 mR/h to the unrestricted areas external to the Exposure
Room; the roof i3 designed for a maximum transmitted exposure rate of 10 mR/h
at the roof surf.ce external to the Exposure Room and the entrance maze is
designed for & maximum transmitted exposure rate to the maze door of less than
0.25 mR/h. The Exposure Room floor, regolith upon which it rests, and the
extension of the Exposure Room walls well into the earth serve to shield the
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Supplement No. 5 continued.

buileing and grounds areas external to the Exposure Room from exposure rates

in excess of 0.25 mR/h. Since all shielding calculations involving the use of
concrete were based on the assumption that the concrete would have a density

of 147 pounds per cubiz foot, random pour-samoles were analyzed. All samples
vere found to meet or exceed the assumed density, Figures 5-5 and 5-7 present
information concerning the thickness and composition of the radiation shielding.

'd. Radiation Levels. The Cobalt-60 Gamma Radiation Facility shielding is
designed to limit the 2xposure rate to "unrestricted areas" in and around the

building to 0.5 mrem per hour. This level of exposure satisfies the requirement
for "unrestrictad areas" as defined in Title 10, Chapter 1, Code of Federal
Pegulations, Part 20.

(1) Expcsure Room. Since in-air exposures require that the’cobalt-60
source elements be raiced from the pool via the source elevator, the source
elements will be located 6 feet fron the east and west walls, 28.33 feet from
the north wall, 14.) feet from the south wall and 8.5 feet from the ceiling.

For purposes of in-air exposure calculations presented below, it is assumed that
32 source elements, co~taining a total of 40,000 curies of Co-60, are arranged
in a circle with a radius of 14.49 centimeters, and raised via the elevator to
a height of 5.5 feet from the Exposure Room floor. The list of references used
to perform the following analysis is fuund in paragraph 14(3) of this supp lement.

(a) East and West Walls. According to Reference 1, page 7-71, the source-
¢ deld geometry for the east and west walls requires the use of "point isotropic"
uild-up factors in order tu-calculate the attenuation provided by the con-rete
walls, This determination i{s made as follows:

a <v§uc + 2
If d-t ut and d > t, use "plane collimated" build-up factor. If

both conditions are not true, use "point source'" build-up factor.

d = distance from source array to shield = 182.28 em

& * maximum radius of source array, measured perpendicular to d = 14.49 em

t = shield thickness = 152.4 cm

u = linear attenuation_ coefficient for 1.25 MeV photoss in co.crete of
density 2.35 gm/cm3 = 0.1332 em™* (ikeference 1, page 7-62)

d>¢t=182,88 cm » 152.4 em (condition satisfied)

A VWEFT . 14,49 om M1 (57 e em) + 1,
d-t ut (182.88 cm) - (152.4 cm) (0.1332 em™%) (152.4 cm)
0.4754 « 0.3177. Since the second condition is not satisfied,

one should use point isotropic source build-up factors for east and west shield
wall attenuation calculations.

Use of Capo's formula for a "pcint source" in an infinite medium, prese~ted in
Reference 2, page 213-217, yields a conservative build-up factor of 62.4 for
1.25 MeV photons passing through 152.4 cm of ordinary concrete with a density of
2.35 gm/em3. (uX = 29.30 mean free path lengths)

2 42912
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Supplchcnt No. 5 continued.

The attenuation factor "A," required to reduce the exposure rate from 40,000
curics'of sobalt 60 to 0.5 mR/h is A = I/Io = b exp(-uX).

Io = original exposure rate to unshielded external wall surface
o 3 I ;- attenuated radiation exposure rate due :o shield
= linear absorption coefficient (0.1332 cm"l)
x = gshield thickness (152.4 cm concrete)
,y,i- build-up factor = 62.4
!

2
‘ - 28' ) x (40,000 ci)(1.32 R/h at 1 meter/Ci) = 4.695 x 103 R/h

Roqvired attenuation factor for "unrestricted areas": Ap
|

A‘ - ~1- - 0.5 ua/3/£ 695 x 105 ®/B £ 10 65 x 1078

Attenuation factor provided by 152. 4 cm of concrete =
" -p e X ) .

Ay = (62.6) (e =(0.1332 ca"l) (152.4 cm)y = 62.4(1.527 x 10°9)
- 9,53 x 10°8

Since A, ¢ A (fe, 9.53 x 10°8 < 10.65 x 10°%) the shielding for both the

east and west walls in the worst case is adequate to reduce the exposure rate
at the "unrestricted area" side of the walls to < 0.5 mR/h.

(b) North Wall. Zlccording to eference 1, the source-shield geometry for
the north wall requires the use of "plane collimated” build-up factors in order
to calculate the attenuation provided by tha north wall. This determination is
made by employing the same p.ocedure illustrated in paragraph 1ld(l) (a) of this
supp lement.

d>t=853.6 cm>137.16 cm, ‘condition satisfied)

a St T .16.49cn 2001332 enH (137,16 em) + 1
d-t ut (863.6 cm)~(127.16 cm) (0.1332 em™%) (137.16 cm)

0,020 < 0.335. Since tuis condizion i» also satisfiad, one should use
"plane collimated" build-up factors for north wall shield attenuation calculationms.

Conservative interpolation of Figure 4.3-24 in Paference 2, page 222, yle[ds 2
build-up factor ¢f 17 for a broad parallel beam of 1.25 MeV photons passing
through 137.16 cm (uX = 18.28 mean free paths) of cordinary concrete.

The attenuation factoer "A§" required to reduce the exposure rate from 40,000

curies of cobalt-60 to 0.5 mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

g%
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%o .(%-_%;.)2(40,000 CD (1.32%h at 1 meter/cl) =5,270 x 102 R/h

Required attenuation factor for "unrestricted area" = An

Ag = 35 = 0.5 nR/h/5.269 x 10 aR/h = 9.489 x 10~7
|

fA:tcnuttion factor provided by 137.2 cm of concrete:
~uX
AP =be

o -1y
A =176 (0.1332 em *)(137.2 em) . 17¢1.157

» x 10°8)

= 1,967 x 10~7

Since < Ag (le, 1.967 x 10°7 < 9.489 x 10'7) the shielding for the north
wall in the worst case is adequate to reduce the exposure rate at the "unre-
stricted area" side of the wall to <0.5 mR/h.

(¢) South Wall. According to Reference 1, the source-shieid geometry for
the south wall requires the use of '"plane collimated" build-up factors in order
to calculate the attenuation provided by the south wall. This decermination is

made by employing the same procedure illustrated in paragraph 1d(l) (a) of this
supp lament.

d >t =441.96 cm > 152.4 cm, (condition satisfied)

& T FL 1449 cam 2001332 enl) (1524 em) + 1 _
-t ut | (641.96 cm)-(152.4 cm) < (0.1332 ea 1) (152.5 em)

0.05 € 0.3177. Since this condition is also satisfied, one should use
"plane collimated" build-up factors for south wall shield attenuation calculations.

Conservative interpolation of Figure 4.3-24 in Reference 2, page 222, yields a
build-up factor of 20 for a broad parallel beam of 1.25 MeV photons passing
through 152.4 cm (uX = 20.30 mean free paths) of ordinary concrete.

The attenuation factor "Ag" required %o reduce the exposure rate from 40,000

curies of cobalt-60 to 0.5 =mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

2
To -(%-%%.’.) (40,000 curies)(1.32 R/h at 1 meter/Ci) = 1.494 x 103 R/h

Required attenuation factor for unrestricted area = AR

Ag = == = 0.5 mR/h/1.49 x 105 "R/ = 3,347 x 10°7
R Io '

Attenuation factor provided Sy 152.4 cm of concrete:
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A; -p "X

- ol
H =20 e (0.1332 ca )(152.4 cxn) - 20(1.527 X 10’9)
i = 3,055 x 108

Since < Ap (ie, 3.055 x 10-8 < 3.347 x 107 7) the shielding for the south

wall in the worsc case is adequate to reduce the exposure rate at the "unrestricted

area" side of the wall to <0.5 =R/h.

.'.‘

| (d) Roof. The roef over the Cobalt~60 Gamma Radiation Facility Exposure
Room is a "restricted area". Perscnnel access to this area is not permit:zed
during 'periods when in-air irradiation are in progress. Consequently, an
exposure rate of 5 mR/h at a distance of 6 inches from the outer surface of the
Exposure Room roof shield slab is considered adequate.

According to Reference 1, the source-shield geomatry for thz roof requices the
use cf "plane collimited" build-up factors in order to calculate the attenuation
provided by the roof. This determination is made by employing the same procedure
illustrated in paragraph 1d(l)(a) of this supplement.

d>t= (213.36 em) > (121.92 em), (condition satis}ied)
a VIUEF1 16,49 cn 200.1332 w1 121,92 ) +1 .
d-t ¥ " ur (213.36 cm)-(121.92 cm) . (0.1332 em-1) (121.92 cm)

0.158 < 0,.356. Since this condition is also satisfied, one should use "plane
collimated" build-up factors- for roof shield attenuation calculaticas.

Conservative interpclation of Figure 4.3-24 in Reference 2, page 272, yields a
build-up factor of 15 for a broad parallel beam of 1.25 MeV photons passing
through 121.92 cm (uX = 16.24 mean free paths) of ordinary concrete.

The attenuation factor "AR" required to reduce the exposure rate from 40,000
curies of cobalt-60 to 5 mR/h is found via the mechod described in paragraph
1d(1) (a) of this supplement.

n\2 o 3
%o '<2i§8) (40,000 curies)(1.32 R/h at 1 meter/curie) = 3.361 x 10° R/h

Required attenuation factor for 5 mR/h "restricted area" roof = Ap

Ag = % =5 ma/h/a.361 x 105%R/h = 1 488 x 1076
¥

Attenuation factor provided by 121.92 cm of concreta:

Ap =p "X

Ay =15 e -(0.1332 em”1) (121.92 em) . 15¢8.878 x 10°8)
= 1,332 x 10-6
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Since Ap ¢ Ag (le, 1.332 x 1075 < 1.488 x 10°5) the shielding for the roof
in the worst case is adequate to reduce the exposure rate at 6 inches past the
external surface of the roof shield slab to <5 mR/h.

1

|(e) Floor. As illustrated on Figure 5-7, all Exposure Room walls extend
vell past the floor into the soil. This structural characteristic serves to
shield personnel located outside of the Exposure Room from scattered photons
which have passed through the floor during in-air irradiations. Siace the
north wall of the Exposure Room extends the shortest distance into the soil,
less shieldirg is provided by the soil in this area than in any other. Conse-
quently, the following analysis presents the 'worst case" situation.

The shortest distance between the exposed source and a point beneath the north
wall where a scatter angle of 30° exists is (13° air + 14' soil) = 32 feet.

Since the deusity of the sandy soil on which the facility is built {s approxi-
mately equal to concrete, a conservative estimate of the soil build-up factor
is obtained by extrapolation of Figure 4.3-24 in Reference 2, page 222. TFor
1.25 MeV photons passing through 426 cm of soil (uX = 60 mean freae paths) a
build-up factor 300 is chosen.

The mass attenuation coefficient (u/p) for sandy soil is determined by using the
weighted average method presented in Reference 2, page 172. The chemical compo~
sition of the soil necessary for the determination of u/p was obcninsd from
Reference 3. The value of u/p obtained via this method = 0.05695 em /gm. The
density of the sandy soil used for the determination of u/p is 2,471 gm/cm3.

The attenuation factor "Ag" rcqﬁired to reduce the exposure rate from 40,000

curies of cobalt-60 to 0.5 mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

1\2
Io= 3§§$;) (40,000 curies)(1.32 R/h at 1 meter/Ci) = 5.55 x 102 R/h

« 1 «0.5 mR/h = 9,01 107
. Tl i o Cwm T, u

Attenuation factor provided by 426 cm of soil:

Ap = b e™X ‘

Ay =300 e =(0.1407 cm"l) (426 =wm) _ 2.79 x 10-26
Since A, < Ag (ie, 2.79 x 10724 < 9,01 x 10°7) the shielding provided by the

soil in the worst case is adequate to reduce the exposure rate to well below

0.5 mR/h before the photons can pass from the scatter point beneath the wall to

any point exterior to the building.

(f) Exposure Room Entrance Maze. As illustrated on Sketch 5-1, the maze
leading from the Exposure Room to the Control Room present a path for grmma
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Supplement No. 5 continued.

radiation, originating at the source elevator, which contains 3 right-angle
bends. In order to comservatively calculate the exposure rate to the maze-side
of thq maze entrance door, the data presented in Reference 4, page 73, will be
used.

The concrete walls, ceilings, and floor of the Exposure Room and Maze are in
excess of 2 mean free path lengths thick (5.9 in.), and tierefore are treated
as bdeing infinitely thick reflectors of 1.25 MeV cobalt-60 gamma photons. This
assumption is supported by Reference 5.

Stnko éhe maze contains three right-angle bends and both the calculated and
nnaourid dose rates (D/1o) (10%) given in Reference 4, Table II, are for two-
legged concrete ducts, the maze will be treated as a combination of 2, two-
iegged duct arrangements, connected in series. The dose rate at point P2,
resulting from the cobalt-60 source located at point Py, is calculated. Then
the dose rate at point P3 is calculated using the dose rate at the point P as
the source of gamma radiation. Since the gamma photons at point P2 will be
primarily the result of Compton interaction and the data given in Reference 4,
Table IT is based on cobalt-60 source emitting photons with a mean energy of
1.25 MeV, the dose rate calculated for po.nt Pj will ‘bc.conservative. In
additicn, the dose rate values extracted from Table II for this analysis will
be greater than encountered in the actual maze due to tue fact that the duct
dimensions corresponding to the exposure rate values in Table II are chosen for
smaller values of W, smaller values of L}/W and smaller values of L/W than are
encountered in the actual maze.

In addition to the symbols presented om Sketch 5-1, the following notatiom will
be used in the calcularions: D, = dose rate at’l foo: from the source
' D = dose rate at a point located in the second
leg of & two-legged duct (ie, P; and F3)

no (point P1) ..(éigg 2(a.o x 10%C1) (1.32 R/h at 1 meter per Ci)
- 5.68 x 10° R/h

D at point Pz: Value of (D/Do x 10‘) selected using Table II data for
Terrell's work which involved the use of a 3.67 Ci Co=-60 source in a duct with
specifications W = 6', L3/W = 2.0, and L2/¥ = 3.17.

D/(Do x 10°%) = 0.203 . D = (0.203) (Do) (10°%)
= (0.203)(5.58 x 10° R/h) (10™%)
= 11.53 R/h at point P,

D _at point P3: Using the dose rate calculated above at point P, as the
origin of the gamma radiation one may conservatively calculate the dose rate a:
point Py. The value oi (D/Do x 10%) is selected using Table II data for
Chapman's work which involved the use of a 2.4 Ci Co-60 source in a duct with
specifications W = 37, I1/W = 2, and Ly/W = 1.67.
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Supplement No. 5 continued.

D/(Mo x 10°%) = 5.95 5D = (5.95) (Do) (10-4) :
| = (5.95) (11,53 R/h) (10™%)
= 6.9 x 1073 R/h at point P3

Consequently, assuming air attenuation to be negligille, the dose rate at the
ceater of the maze-side surface of the maze doors will be aprroximately:

2 -3 2
odo® _ (6.9 x 1073 »/m)(2.512% _
I - IW- 5——,—2———0315—-)—(10 S—ons 0.43 =R/b

(g) West Wall of Maze. Since the dose rate at the point Py (shown on
Sketch 5-1) is calculated to be 11.53 R/h, this value is used to evaluate the
adequacy of shielding provided by the west wall of the maze. The most probable
energy of the cobalt-60 gamma photons scattered through an angle of 90° as a
result of a single collision is 0.362 MeV according to Reference 6, page 59.
The mass attenuation coefficient from Reference 1 for C.5 MeV gamma photons in
concrete will be used in the following calculations. The dose rate at the
outside surface of the west maze wall without shielding = Io.

2
lo = lti23a§/? D = 5.49 x 10°2 R/h

The shielding factor required to reduce the exposure rate at the outside
surface of the west maze wall = Ap.

Ag = I/Io = 0.5 oR/h[54.9 mR/h = 9.11 x 107

.
.

The 0h101%§§g factor provided by the west maze wall (61 cm of concrete) =

Ap = b e

"b»" for 12.5 mean free path lengths in concrete x15 [ﬁotc uX = (0.2045) (61 cm)=
12.67] from interpolation of Figure 4.3-24 in Reference 2, page 222.

Ay =15 ¢ .(:2008 ") (61 em)

Since . AR {1a, 3.3 = 102 < 9.11 x 10'3) the shielding for the west wall
of the maze is sufficient to reduce the dose rate at the "unrestricted area'" side
of the wall to <0.5 mR/h.

= 5,73 x 1073

(h) Maze Scatter Shield. Since the dose rate at the point P, (shown on
Sketch S5~1) is calculz:ed to be 11.53 R/h, this value will be used to evaluate
the adequacy of shielding provided to the Countrol Room by the maze scatter
shiela. As in the analysis presented in paragraph 1d(1l)(g), it will be assumed
that the gsoma photons have an initial energy of 0.5 MeV.

Sauield factor required to reduce the dose rate at the maze-side of the maze
entrance door to 0.5 mR/h is Ag.
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o » 11(:35“)/“ D2 1.6 x 10" &/n

A‘!' I/To = 0.5 =R/h/160 sR/h = 3.125 x 1073

ThL shielding factor provided by the maze scatter shield is Ap =b 0‘"‘

"b'.' or 9.4 mean free paths in concrete & 10 [noce uX = (0.2045 cm‘l) (45.7 cem) =
19.35] from 1n:erpolation of Figure 4.3-24 in Reference 2, page 222.

l"lr 10 e -(+2045 ca” 1y 5.7 em)

Simce Ap <« Ag (ie, 8.73 x 107 « 3.125 x 10™) the shielding provided by
the maze scatter shield is sufficient to reduce the dose rate at the maze-side
of the maze entrance door to less than 0.5 mR/h. Consequently, the dose rate

at the Control Room side of the maze entrance doors will also be less than
0.5 mR/h.

=8.73 x 1074

(2) Exposure Room Shielding Penetrations

(a) Exhaust Ventilation Duct. The exhaust ventilation duct penetrates

_the Exposure Room roof slab at a location near the south wall. As illustrated
‘on Figures 5-7, 5-12, and Sketch 5-2, the exhaust duct is designed to provide

shielding for both direct and scattered gamma radiation emanating from the
cobalt-60 sources when they are utilized for in-air irradiatioms. All primary
cobalt-60 gamma photons entexing the '"radiation trap" will be attenuated by a
vinimum of 46 inches of concrete. This amount of shielding is sufficient to
raduce the exposure rate at a distance of one fooi. from the external surface of
the "radiation trap" to less than 5 mR/h. The following '"worst case" analysis
assumes that the path of primary gamma photons is through 4 inches of the corner
11p of the first right-angle bend in the duct prior to impinging on the south
shield wall of the "radiation trap".

2
Io -(3._5%?_') (40,000 €1)(1.32 R/h at 1 meter per Ci) = 8.403 x 102 R/h
Attenuation required to reduce the exposure rate to 5.0 mR/h at a distance
of 1 foot from the external surface of the shield = Ag.
Ag = I/lo = 5 mR/h/B.aOJ x 105 oR/h = 5,95 x 10”6

Attenuation provided by the concrete shield for 1.25 MeV gamma photons = AP.

Ap.b‘-“x

"b" for 15.5 mean free paths = 30 (conservative estimate from Table 43.3-7,
Reference 1, page 224 for cos & = 0,75)

A, = (G0) e -(0.1332 en™1) (116.84 cm) » 5.226 x 106
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Since A, « Ay (le, 5.226 x 107 < 5.95 x 10°%) the "radtation trap"
shielding for primary gamma radiation from a 40,000 curie cobalt-60 source is
sufficient to reduce the exposure rate to less than 5 mR/h at a distance of
one foot from the external surface of the "radiation trap".

1 L
| A conservative estimate of the exposure rate at the exhaust point of the
ventilation duct which passes throughthe "radiation trap" is obtained by using
the data presented by Green in Reference 4, Table II and assuming that the
exposure rate at the Exposure Room side of the duct is due to primary cobalt-60
gamma photons from a point source. In order to use the data in Reference &, it
will be assumed that the width (W) of the "radiation trap” duct is 9.47 inches
instead of the actual dimension of 34 inches. The exposure rate value calculated
assuming a 9.47 inch duct width will be increased by a factor of 3.59 in order to
estimate the total exposure rate from the 34 inch wide ‘uct. Use of this method
4 effectively increases the primary and multiple surface scatter areas by 76%.
( ) Since, according to Reference &4, the primary scatter areas contribute 42% and
~— the multiple surface scatter contributes 327% of the total dose in the second leg

) of a two-legged duct, the final exposure rate estimate will be approximately

: 56% high. 1In addition, the dose rate values selected from Table II are values

1 vhich represent a worst case estimate. The "radiation trap" will be treated as

i a combination of 2, two-legged ducts connected in series. With references to

i Sketch 5-2, the dose rate at the point Py resulting from a cobalt-60 source

located at point Py is calculated. Then, the dose rate at point P4 is calcu-

(:) lated using the dose rate at the point P, as the source of gamma rzdiation.

|

|

!

i
\ -

Although the energy of the cobalt-60 gamma photons traveling from point Py to
point Py will be degraded from previous Compton interactioms, it will be
assumed that they have an energy of 1,25 MeV. This assumption will also result
in a higher calculated dose rate at the exhaust point than will actually be
encountered.

Data for First 2 Legged Duct Section Data for Second 2 legged Duct Section

L, =18" Ly = 54"
1y = 28" L, = 52"
w = 9.47" w = 9.47"
le - 1.90 L3N - 5070
: M =2,9% M = 5.49
®/Do) x Q0% valuec selected: 66.0 - (D/D0) x Q0% value selected: 2.34

Exposure rate at point Py = Do
3.28'\2 (4.0 x 10% €4)(1.32 R/h a. 1 meter per Ci) = 1.966 x 10° R/h
Do = 5777

Dose at Point P, = D/(Do x 1074 = 66 % D = (66) (Do) (10™%) ; -
= (66)(1.966 x 10%aR/h) (107%)
= 1.297 x 10%R/h

~ 10
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Supplement No. 5 continued.
| .
'Dose at Poiat P, = D/Mo x 10™4= 2.34 . D = (2.34) (Do) (10°%)
| . = (2.34) (1.297 x 10%=R/h) (10°%)

i = 3.035 sR/h
Conservative estimate of the exposure rate at the exhiust point of the
ventilation duct (point Py): (3.035 sR/h/section)(3.59 sections) = 10.9 mR/h

(b) Elevator-Drive Cable-Ducts. Figures 5-18, 5-19 and Sketch $-3 {llus-
trate the wall penetrations between the Exposure Rocm (Rm. 2) and the Mechanical
Equipment Room (Rm. 9) which serve to provide a path for the source-elevator
drive-cables. Both cable-ducts are also patlwavs for scattered garma radiation-
streaming during in-air irradiation procedures. The following determination of
exposure rate in the Mechanical Equipment Room is based on the assumption that
40,000 curies of cobalt-60 is raised by the source elevator to an in-air
irradiation position 5.5 feet above the Exposure Room floor. Due to the loca=-
tion of the two cable-ducts, it is also assumed that all gamma photons passing
through them have a reflected flight-path which is approximately parallel to
the axis of the cable-duct. In order to estimate the exposure rate in the
Mechanical Equipment Room from scattered gamma radiation streaming through the
cable-ducts, the differential dose albedo formulas and constants presented in
Reference 7 will be used. Sketch 5-3 {s annotated to define the reference
points used in the calculations. Since this represents a '"worst case" analysis,
only the lower cable-duct is considered.

Formulas Used
dp = Do = d Cos 8.dA (Ref .7)
5

Where: dp = differential dose at point of interest due to scatter
Do = dose in incident beam at area dA
ry = distance from scatter area to point of interest
8, = polar angle of incident radiation

dA = differential area of reflecting surface
«d = differential albedo

“d = c R(Os) 1020 + ¢ (Ref 7)

1 + Cos 8, sec 8

Where: C & C' = Parazeters for semiempirical formula given in Ref 7,
Table 1, for 1 MeV photons.
I(O.) = Klein-Nashina value of the energy scattering cross section
’ per electron depending 2n the scatter angle 8¢ [ie, (Photon
scattering cross section) x (ratio of scattered to incident

energy
8, = polar angle of incident radiation
o = polar angle of reflected radiation

11

- - — - .- . .- o o - - ————— e — S e e . - R LR T



|
Supﬁlemen: No. 5 continued.

E=E, (Ref 2)
1 +(Eo/0.511) (1-Cos 8g)

Where: E = energy in MeV of photon after one Compton scatter
|

, Eg = energy in M~V of photon before Compton scatter
| ®g = angle through which the photon {s scattered

Differential dose at point Ps resulting from gamma photons reflected
parallel to the cable duct axis at point Py.

E=1.25 MeV

- = 0,219 MeV
1 +@Q.25 MeV/0.511) (L=Cos 1319)

«24 cm? 0.219 MeV 26 cm?
0.2 10 —) (il JCVY = 3, 0 -—
K(8g)=( X P )(1.25 " J3 2] Py

“d = 0,057 (3.5 x 1026 10%%) + 0.0111) _ {1y ooe1
1 + (Cos 499) (sec 0°) oy

dD at Ps = (6.87 x 103 R/h) (0.122 sr~1) (0.660) (5 cm?) E =2
UL 1.03 x 10°2 R/n

Differential dose at point Ps resulting from gamma photons undergoing one
Compton scatter in the west wall of the exposure room which redirects their
flight path along the axis of the cable-duct.

E=1.25 MeV a

= 0,679 MeV
1 +(.25 MeV,'0.511) (1=Cos 499

- 2 9 A\t 3
K9 _)%(0.2 x 10724 £=%) (0.679 MeVy . 109.9 x 1026
K & 1.25 MeV

«d= (0.0547) (10.9 x 10~26) (1026
1 + (Cos 41° sec 8

+ (0.0111) = 0,014 sr-l

3v)

dD at Pg = (6.87 x 103 R/h) (0.014 sr™1) (0.755) (5 em?)
(152 em)“

= 15.6 mR’/h

Since the exposure rate on the Mechanical Equipment Room side of the cable-
duct {s estimated to be in excess of 0.5 mR/h, the room will be treated as a
"restricted area" during in-air irradiation procedures. Unless the initial
radiation survey of the facility indicates the restriction may be removed, access
to the Mechanical Equipment Room will be controlled by the Cobalt-60 Facilit:
Supervisor via control of the door key for this room.

(¢) Conduit Maze in West Wall. Figure 5-16 illustrates a conduit maze
consisting of four aluminum conduits, each of which contain two right-angie

bends. These 4-inch diameter conduits serve as raceways between the Exposure

12




Supplement No. 5 continued.

Room and Control Room. The following estimate of the exposure rate to be
expected in the Control Room is based on the assumption that 40,000 curies of
cobalt-60 is raised by the source elevator to a height above the f

floor equal
to that of the conduit. Since the *wo conduits closest to the source represer

the "worst case" for gamma radiation streaming, only these conduits are
examined in the following analysis. Also, since the total mass attenuation
coefficients for concrete and aluminum are nearly equal, the walls of the
conduit are considered to be concrete. The semiempirical formula for differe
ential dose albedo presented in Reference 7 is used. Presentation of the

formula and associated symbol definitions used therein is found in paragraph
14(2) (b) of this supolement.

-
-

Exposure rate to conduit opening = Do

) 2
Do = (§.§?> (4.0 x 104 Ci)(1.32 R/h at 1 meter per Ci) = 7.5 x 103 R/h

E = en2rgy in MeV after one Compton scatter

B = 1,25 MeV Ly
1 + (1.2570.511) (L-Cos 469)

0.71 MeV

; 2 225 om2
R@©g) = (0.2 x 10724 gm0y (0.71) oy 14 x 10725 em?
e

.25

i 2
«d = (0.0547) (1.14 x 10725 €80y 1026y L (5 0111)
e

= 0.015 sr~}

1+ (0.728) (57.9)

Assume that the first leg of the conduit perpendicular to the plane of the
wall extends a distance of 2.5 feet into the wall. Then the exposure rate at
the beginning of the firs. crlght-angle bend = dD.

dD = (7.5 x 10% mR/h) (0.015 sr°1)(0.728) (81 em?)
(5.81 x 103 cmz)

The expcosure rate at the surface of the shield wall in the ‘v.trol Room due
to a coliimated source of 0.8 MeV photons, which yields an exposure rate of
1.14 x 103 mR/h, and is located midway in the west wall = I,

=1.14 x 10° =mR/h

I=Tob e ™% = (1.14 x 103 m/h) (5) exp(0:1659)(76.2 ca)
I =1.8410°2 mR/h, which is less than 0.5 mR/h limit for "unrestricted areas".

Assume that the second leg of the conduit is 3 feet long and is directed
away from the first leg of conduit at an angle of 89°. The exposure rate at the
end of the second leg of conduit is:

E=0.71 MeV

= 0,505

0.71
1 + (G5 (1-0.707)
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Supplement No. 5 continued.

o.) = (0.25 x 10°26 sm2) 0.505, -26 en?

b -26¢m?y (1028
«d = (0.0547) (17.8 x 1029650) (10°%) + (0.0111) _ 015 -1
1+ (1)(57.3)

- (1.14 x 103 =R/h) (0.017 s="1) (1) (81 ew?) . o.188 mr/n
| 8.36 x 10° cm®

©7dD

Since the exposure rate at the beginning of the second right-angle bend
will be less than 0.5 mR. 4. the exposure rate at the point the conduit exits
in fhc Control Room will also be less than 0.5 mR/h.

|

F(d)} Water Pipe for Emergency Pool Water Makeup. Figures 5~13, 5-14 and
§-21 illustrate the emergency pool water makeup which is located in the wall
which separates the Exposure Room from the Mechanics! Equipmen: Room. This
2-inch diameter pipe contains two right-angle bends and is positioned such that
the point of entry in the Mechanical Equipment Room is 2 feet above the floor
and the point of exit in the Exposure Room is 6 inches -above the flocr. The
following escimate of the expected expcsure rate in the Control Room and
Mechenical Equipment Room due to gamsa radiation streaming through the pipe
assumes that (1) the pipe is filled with air; (2) that 40,000 curies of
cobalt-60 is raised by the source elevator to a height of 5.5 feet above the
floor; and (3) that the total mass attenuation coefficient for the pipe material
is equal to that of concrete. The semicmpirical formula for differential dose
albedo preserted in Reference 7 is used in the following calculations. Presen-
tation of the formula ani associated symbol definitions used therein is found
{n paragraph 14(2) (b) of thig supplement.

Do = Exposure rate to wzll at point of pipe penetration

3,28"\ 2
Do = ;5:331) (40,000 €1)(1.32 R/h at 1 meter per Ci) = 8.74 x 163 ’/h

E = Energy in MeV after 1 Compton scatter through 18°

=12 I = 1.12 MeV
+ (Aas2 o
- mz = & 2
K@®g) = (0.2 x 10 24 .C'T._) (%le%) =1.79 x 10725 &

2
eid = (0.0547) (1.79 x 10725 §§L0(102°) + (0.0111)
1 + (Cos 72°) (sec 89°)

Dose rate at point of first right-angle bend (i2, 2.5 feet into the shield
wall) = dD

dp = (8.76 x 108 mR/h) (0.053 sr™1)(0.309) (20 em®) . 4.93 x 102 m/h
(5.81 x 10° em*)

= 0,053 sr-!

14
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Supplement No. 5 comtinued.
The exposure rate at the Control Room surface of the shield wall resulting
from a 493 mk/h source of 1.12 MeV gamma photons located behind 2.5 feet of

concrete = I.
thzes %% o (493 mR/h) (10) e ~(0.1492)(76.2 cm)
Ir 0.06 mR/h, which is less than 0.5 mR/h limit for "unrestricted areas".
Assume that the second leg of the pipe is 5 feet long and is directed away

from the first leg at an angle of 89°. The exposure rate at the end of the ;
second leg of pipe, located at the beginning of the second right-angle bend, is:

|
E=1.12 MeV -
| S Ty v é 0.355 MeV
I 1 + 0.511) (I'COS 89 )
|
2

: | 2
2 =24 em®, 0.355, _ -25 cm
K(O’) (0.2023 x 10 -'-—'..)(--—----]”12 ) 0.64 x 10 P
‘ «26 cm? 26
«d = (0.0547) (6.4 x 10 '—)= (10°%) + (0.0111)
1 + (cos 0°) (sec 89°)

= 6.2 x 1073 gr-1

| 3 a1 2
dD = (493 mR/h) (6.2 x 20°3 se™1y (1) (20 em?) . -3 ma/m
(2.32 x 10% ) = 5207 W

Since the exposure rate at the beginning of the second right-angle bend is
less than 0.5 mR/h, the exposure rate at the point the pipe exits into the
Mechanical Equipment Room will also be less than 0.5 mR/h.

Gamma photons reaching the straight section of pipe, which extends from midway
in the shield wall to the exit point in the Mechanical Equipment Room, must
pass through 2.7 feet of concrete and will be degraded in energy to at least
0.8 MeV., Assuming that the gamma photomns arriving at the final right-angle
bend are redirected to a path along the axis of the pipe, the exposure rate at
the point where the pipe exits in the Mechanical Equipment Room is estimated
as follows:

Io = Exposure rate at second right-angle bend without shield.

2
Io = (2?%5) (40,000 Ci)(1.32 R/h at 1 meter per Ci) = 7.0l x 103 R/h

Exposure rate at second right-angle bend with 2.7 feet of concrete shielding=1

. -1
I=Tob e % =/7.01 x 106 wa/h) (20) e ~(+1332 @) (82 cm) |

2.53 x 103 aR/h

; - 2
24 et 0.8 =26 em
= (0.20 0 —) (M) = ) 0 .7 .
K(9g) ( x 1 - )(1.25) 12.2 x1 -

15
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2
d = (0.0547) (12.2 x 10726 @7y 1026y + (0.0111) ~ . '
e~ = 3,15 x 1072 -1

1 + (Cos 699) {sec 899)

e

dD = (2.53 x 103 mR/h) (3.1¢ x 1072 sr~1) (0.358) (5 em®) . 0.026 ma/h
b o . . 5.81 x 10% ca?

which is also less than the 0.5 mR/h limit for "unrestricted areas".

(e) Water Pipe for Normal Pool Water Makeuo. Figures 5-13 and 5-14
{llustrate a %-inch diameter water pipe, which passes from the Mechanical
Equipment Room through the west shield wall to the southwest cormer of the
Exposure Rcom. The pipe passes horizontally through the shield wall at a
distance of 2.5' beneath the floor and contains a right-angle bend on each
side of the shield wall which allows vertical floor penetration in both rooms.
Since this pipe is part of the automatic pool water makeup system, it is
normally filled with water. Consequently, all gamma radiation entering the
pipe during in-air irradiation procedurs¢ will be attenuated to some degree.
The following estimate of the exposure rate tc be expected in the Mechanical
Equipment Room due tu gamma radiation streaming through the pipe assumes that
40,000 curies of cobalt-60 is raised via the source elevator to a position
5.5 feet above *he Exposure Room floor. Conservatively assuming that all gamma
photons reaching the Mechanical Equipment Room through the pipe have scattered
through an aangle of 90° as a result of a single collision, their most probable
energy will be approximately 0.4 MeV (Reference 6). Also assuming that the
gamma photons travel a straight lime distance equivalent to the totzl length
of the water-filled pipe, allows a conservative estimate of the exposure rate
at the Mechanical Equipmenr Room side of the pipe.

1o = exposure rate at the pipe location in the Exposure Room.

2
To = (%gzgg) (40,000 C1i) (1.32 R/h at 1 meter per Ci) = 2.22 x 103 R/h

I = Ino b exp(-uX) = exposure rate at pipe location in Mechanical Equipment
Room.

Where: u = linear attenuation coefficient for 0.4 MeV photons in water =
2.106 cm"l
X = total length of photon path in pipe = 304.8 cm
b = buildup_factor for 0.4 MeV photons in water. with uX = 32.3
is = 107 (Reference 6).

I = (2.22 x 108 mR/h) (107) exp~(0-106 ca™1)(304.8 @) & 5.3 x 1075 =R/h
NOTE: Assuming a gamma photon energy of 1.25 MeV and a straight line

distance of 304.8 cm, the exposure rate at the pipe location in the Mechanical
Equipment Room is 0.2 mR/h.

16
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(f) Emergency Air Pressure Release Line for Elevator Drive. Figures 5-14
and 5-20 illustrate the 3/8-inch diameter air line which passes through the
shield wall between the Exposure Room and Mechanical Equipment Room. This line
conuects the emergency-air pressure release valve in the Exposure Room to the
air supply for the pneumatically driven elevator drive piston located in the
Mechanical Equipment Room. This pipe contains two right-angle bends, and is
located 4 feet above floor level. The following estimate of expected exposure
rate in the Control Room and Mechanical Equipment Room due to gamma radiation
streaming through the pipe assumes that (1) the pipe is filled with air; (2) that
40,000 curies of cobalt-60 is raised by the source elevator to a height of 5.5
feet above the floor; and (3) that the total mass attenuation coefficient for the
pipe material is equal to that of concrete. The semiempirical formula for
differential dose albedo presented in Reference 7 is used in the following cal-
culations. The formulas and associated symbol definitions are found in paragraph
1d4(2) (b) of this supplement.

Do = exposure rate to wall at point of pipe penetration.

2
Do = (;g%— (40,000 €i) (1.32 R/h at 1 meter per Ci) = 8.88 x 103 R/n

E = Energy in MeV after ome Compton Scatter through 41°

E=1.25 = 0,782 MeV

1.25 _ o
1+ (—-—0.511) (1-Cos 41°)

o 2 =
Keg = (0.2 x 10724 €25 2782y = 125 x 107

6 cm’
Rt FE L e

2
«d = (0.0547)(12.5 x 10-26 9—3—) (1‘326) + (0.0111) _ 0.018 sz~
1 + (Cos 49°) (sec 89°)

Dose rate at point of first right-angle bend (ie, 2.5 feet into the shield
wall) = dD.

dD = (8.88 x 105 mR/h)(0.018 sr™})(0.656) (1 em?) = 180.6 mR/h
(580.6 cm*<)

The exposure rate at the Ccontrol Room surface of the shield wall resulting
from a 181 mR/h source of 0.8 MeV photons located behind 2.5 feet of concrete = L.

I=1ob e Y% = (181 mR/h)(20) e(2:1659 cw™1)(76.2) . 9,012 w/n
I = 0.012 mR/h, which is less than the 0.5 oR/h 1limit for "unrestricted areas".
Assume that the second leg of pipe is 5 feet long arnd is directed away from

the first leg at an angle of 899, The exposure rate at the end of the second
ieg of pipe, located at the beginning of the second right-angle bend, is:

17
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Supplement No. 5 continued.

1 + (0.782/0.511) (1-Cos 839  0'312 Me

2 . 2
- «24 em 0.312 > =26 cm

sr-1

4 = (0.0547) (9.6 x 10726) 1025) + (0.0111) . o.qy
1 + (Cos 0°) (sec 899) :

dD = (181 wR/h)(0.01 sr™1)(1)(1 em?) = 7.8 x 1075 ar/n
g : (2.32 x 10% ca?)

Since the exposure rate at the beginning of the second right angle bend is
less than 0.5 mR/h, it will also be less than 0.5 mR/h at the point the pipe
exits in the Mechanical Equipment "oom.

Gamma photons reaching the straight section of pipe, which extends from midway
in the shield wall to the exit point in the Mechanical Equipment Room, must
pass through 2.54 feet of concrete and will be degraded in energy to at least
0.8 MeV. Assuming chat the gamma photons arriving at the second right-angle
bend are redirected to a path along the axis of the pipe, the exposure rate at
the point where the pipe exits in the Mechanical Equipment Room is estimated
as follows:

Io = Exposure rate at right-angle bend without shield.

2
Io = (%-_:.g) (40,000 C1) (1.32 R/h at 1 meter per Ci) = 7.63 x 103 R/h

The exposure rate at the second right-angle bend with 2.54 feet of concrete
shielding = I. .

¥ - -1
I=Job e b = (7.63 x 108 mR/h) (20) e (0.1332 ™) (77.4 cm)

I =5.08 x 105 mi/h

K(Q') = (0.20 x 10.24) (-]o.'—gs-) = 12.8 x 10'26 %mz:-

~d = (0,0547)(12.8 x 10~26 c_‘:i) (10%2%) + (0.0111)
1 + (Cos 10°) (sec 899)

= 0.0002 s¢~!

dD = (5.08 .. 10° mR/h)(0.0002sr™1) (0.985) (1 em?) . 1.7 x 104 iy
(5.81 x 103 cm?)

which is less than the 0.5 mR/h exposure rate limit for "unrestricted areas".

(g) Electrical Conduits. Figure 5-18 {llustrates three electrical conduits
which are 2 inches in diameter and pass through the west shield wall ¢f the

18
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Supplement No. 5 continued.

Exposure Room at a height of 8 feet above th~ floor. The physical dimensions
of all three conduits are identizal and each contains 2 right-angle bends.
Since "conduit B" is located closest to the cobalt-60 sources during in-air
irradiations, it provides a more direct path for gamma radiation streaming
than either of the other two conduits. Cousequently, the foilowing estimate
of the exposure rate in "unrestricted areas" due to any of the three conduita
is based on "conduit 2", It is further assumed that the conduit is filled
with air, that 40,000 curies of cobalt-60 is raised by the source elevator to
a height of 5.5 feet above the floor and that the total mass attenuation
coefficient of the conduit material is equal to thit of councrete. The semi-
empirical formula for differential dose albedc presanted in Reference 7 is
used i the following calculations. The formulas and associated symbol defi-
dit;onsisre found in paragraph 1d(2) (b) of this supplement.

|

:Do = exposure rate to wall at point of conduit penetration.

Do ‘- @%(ao,ooo C1)(1.32 R/h at 1 meter per Ci) = 1.04 x 10% ®/h

E = energy in MeV after one Compton scatter through 36°

E=1.25 = 0.85 MeV il
+25
1 +<g “ o
511 (1-Cos 369)
2 2
=24 em 0.85 - =26 -m
!(0.) - (002 x 10 -‘—_—-)(—1.2_5 13.6 % 10 _.-"

«d = (0.0547) (13.6 x 10726 922..) (1026) + (0.0111)

-1
- = 0.022 sr
1 + (Cos 54”) (sec 85°)

Dose rate at point of first right-angle bend (ie, 2.5 feet into the shield
wall) = dD.

dD = (1.04 x 107 nR/h)(0.022 sr"1)(0.588) 20 en®) . 4. g: x 10% mr/m
(580.6 cm?)

The exposure rate at the Control Room surface of the shield wall resulting
from a 4.64 x 103 mR/h source of 0.85 MeV photons 'ocated behind 2.5 feet of
concrete = I :

) -1
I=Tob e %% = (4.64 x 103 mR/h) (20) - e ~(0:1659 cw™®)(76.2 em), 4 4 0/p

I = 0.3 mR/h, which is less than the 0.5 mR/h limit for "unrestricted areas".

Assume the second leg of conduit is 2.5 feet long ard is directed away from
the {irst leg at an angle of 89°., The exposure rate zt the end of the second
leg of conduit, located at the beginning of the second right-angle bend, Ls:
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| S |
(B = 2.8 ket = 0.32 Mev = o
‘ 1+ (0—:3ﬁ) (1-Cos 899)
)
: 2 <26 em?
= (0, 0'2,“&' -9'—3—2 = 8, —_—
'x(o,) (0.3x 1 Z )(o.as) 8.66 x 10 -

2
Ld = (0.0547) (8.66 x 10726 &) (10%%) + (0.0111)
; 1 + (Cos 0°) (sec 89°)

D = (4.64 x 103 mR/h)(0.008 st°1) (1) (20 en?) . ;.28 ga/m
{ (580.6 cm<)

= 0,008 sr-!

The exposure rate at the point the conduit enters the Centrol Toom resulting
from a 1.76 aR/h source of 0.3 MeV photons which pass from the location of the
second right-angle bend tc the Control Room via 2.5 feet of air-filled conduit
is estimated below. For a straight cylindrical duct with radius R and length L,
the line-of-sight exposure contribution at the end of the duct due to a peiat
isotropic source at the entrance of the duct is proportional to 1/L2 (Reference
2, paragraph 8.1.2).

I=10/12 = 1.76 mR/h/(Z.S)z = 0.28 wr/h
which is less than the 0.5 mR/h exposure rate limit for unrestricted areas.

(3) References.

(a) Reference 1: Etherington, Nuclear Engineering Handbook, McGraw-Hill
Book Company Inc., New York, “(1958).

(b) Reference 2: Engineering Compendium on Radiation Shieldinz, Volume
"Shielding Fundamentals and Methods", Springer~Verlag New York Inc., (19468).

(c) Reference 3: F. E. Bear, Chemistry of the Soil, 2nd Ed., (1964), 118.

(d) Reference 4: J. M. Chapman and C. M. Huddleston, '"Dose Attenuation in
Two-Legged Concrete Ducts for Various Gamma Ray Energ.es', Nuclear Science and
Engineering, Volume 25, American Nuclear Society Inc., Hinsdale, IL, (1966), 66-74.

(¢) Reference 5: Martin-leimd3rfer, "The Backsca*ttering of Gamma Radiation
from Plane Concrete Walls", Nuclear Science and Enzineerinz, Volume 17, American
Nuclear Society Inc., Hinsdale, IL, (1963), 345-351.

(£) Reference 6: Price, Hortoun and Spinney, Radiation Shielding, Pergamon
Press, (1957).

(8) Reference 7: A. B. Chilton, "A Semiempirical Formula for Differential
Dose Albedo for Gamma Rays on Concrete", Nuclear Science and Enginecering, Volume
17, American Nuclear Society Inc., Hinsdale, IL, (1963), 419-424,
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Supplement No. 5 contiaued.

(4) Occupancy of Shielded Areas: Immediately surrounding the Exposure -

* Room are building and grounds areas which are shielded against the ionizing

radiation emanating from the cobalt-60 sources during in-air irradiations.
An estimate of the degree and type of occupancy for these areas during in-air

irradiation procedures is given below.
conditions during a 40 hour work week.

This estimate assumes normal operating
The calculated exposure rate values

given in the table are "worst case" values which result from the assumption
that 40,000 curies of cobalt-60 is raised by the source elevator to a height
of 5.5 feet abova the Exposure Room fioor.
!

' TYPE DEGREE OF CALCUIATED
AREA QOCCUPANCY OCCUPANCY EAPOSURE RATE
Entrance Maze (Rm. 1) None 0% >0.5 mR/h
Control Room (Rm. 4) Radiation Worker 100% <9.5 mR/h
Mechanical Equip. Rm. (Rm. 9) | None 0% <16.0 mR/h
Restrocm (Rm. 8) Non-Radiation Worker 25% <0.5 oR/h
Plasma Lab (Rm. 18) Non-Radiation Workar 100% <0.5 mR/h
Rad. Material Storage (Rm. 19 | Radiation Worker 25% <0.5 mR/h
Decoa Area (Rms. 20, 21, 22) | Radiation Worker 0% <0.5 mR/h
Preparation Room (Rm. 10) Non-Radiation Worker 100% <0.5 mR/h
Instrumentation Roem (Rm. 5) | Non-Radiation Worker 1007 <0.5 mR/h
Van de Graaf Room (Rm. 3) Radiation Worker 1007% <0.5 mR/h
Exposure Room Roof None 0% <10.0 sR/h
Grounds Arez-* Non-Radiation Worker 25% <0.5 mR/h

e. Personnel Exclusion Barriers.

(1) The sole entrance to the Cobalr =0

Exposure Room is provided.by the double doors between the Control Rya =°1 cuz2
entrance maze which leads to the Cobalt-60 Exposure Room. These doors are
interlocked to preclude the possibility that an individual could inadvertently
enter the Exposure Room during in-air-irradiation procedures.
elevator drive system is functional, the operator must (1) enter the Exposure
Room, (2) actuate the in-cell reset switch with the same key that operates the
2levator system, (3) exit from the Exposure Room, and (4) close the maze entran-
doors within approximately 15 seconds from the time the in-cell reset switch is

actuated.

Before the source

If this sequence of operator actions is accomplished in the prescrib:

period cf time, the naze entrance doors are automatically locked and the elevat:

dirive controls become operational.

Should the operator fail to accomplish this

sequence of procedures in the prescribed time, no power is available to the
elevator drive system and the procedure must be repeated before elevator opera-

tion may commence.

In order to ensure that no individual is prevented from

leaving the Exposure Room, a manually cperated "crash bar" is installed on the
maze-side of the doors which provides a means of emergency exit at all times.
If either of the maze entrance doors are opened after the operator completes
the preoperational sequences described above, the electrical power necessary to
raise and sustain the elevator car in an uplifted position is lost until the
preoperational sequence is performed again.

(2) The mechanical equipment room (Rm. 9) contains the cnly roof scuttle

in the Building 504 Radiation Facility.
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Supﬁlomnnt No. 5 continued.

will be denied during in-air-irradiation procedures, which cause the exposure.
rate at the surface of the roof to exceed 0.5 mR/h, by Locking the docr to

the mechanical equipment room. During these periods, access to the mechanical
equipment room will be controlled by the Cobalt-60 Facility Supervisor, Chief
Operrtor, or Alternate Operator.

\

- ‘f; Contamination Control. (1) Although each of the cobalt-60 source
elements 1is doubly encaosulated, as described in Supplement No. 1 of this
application, the Exposure Room, Eantrance Maze, and Control Room are designed
to ensure containment/entrapment of soluble and insoluble particulates. All
three areas are equipped with seamless; acid-resistant floors, and epoxy-coated
walls and ceilings. The floor drain in the Exposure Room and sink drain in
the Control Room vent to a 4000 gallon acid-resistant holding tank. Due to the
remote possibility that the liquid effluents might contain trace amounts of
radiocactive material, no fluid from the holding tank will be discharged to the
sanitary sewage system unless an analysis has been performed to assure that it
does not exceed the maximum permissible concentration (MPC) guides set forth
in Title 10, Code of Federal Regulations, Part 20. The plumbing plan and
holding tank for liquid effluents are illustrated on Figures 5-13 and 5-14
respectively.

(2) Heating and cooling of the Exposure Room is Qécomplished via a "clnged-
loop" air conditioning system which isolates the supply and exhaust air for
this area from tne rest of the Building 504 Radiation Facilicy. As illustrated
ou Figures 5-11 and 5-12, the exhaust plenum in the Exposure Room is equipped
with high-efficiency-particulate-air (HEPA) filters through which all effluent
room air must pass. The air handling system continuously delivers air to the
Exposure Room at a rate of *2885 cubic feet per minute (CFM) and exhausts it
at a rate of 3000 CFM. Consequently, a negative pressure is maintained in the
Exposure Room which assures filtration of all room air. After passing through
the exhaust filters in the Exposure Room, 290 CFM is discharged to the outside
environment and 2710 CFM is recirculated to the air handling unit (AH-1l).
Finally, fresh air is added to the recirculated air at a rate of 175 CFM in
order to sustain the 2885 CFM delivery of conditioned air to the Exposure Room.

8. 0Ozonme Production, Detection, and Coatrol. (1) During in-air irradia-
tion procedures ozone will be produced in the Exposure Room as a result of air
ionization processes. The following analysis of radiation-induced ozone
formation in the Exposure Room assumes that 40,000 curies of cobalt-60 is
raised via the source elevator to a height of 5.5 feet above the floor. It is
further assumed that each gamma photon emanating from the cobalt-60 source
travels the entire length of the Exposure Room. The investigation of G. R. A.
Johnson and J. M. Warman presented in "Formation of Ozone from Oxygen by the
Action of Ionizing Radiations™, Discussions of the Faradav Societv, Volume 37,
(1964), 87-95, indicates that the yield of 03 from 0, may be as high as G(04) =
13 molecules of 05 per 100 eV. Although this value of G(03) may be somewhat
high, due to the presence of other rare gasses in breathing air, it will be
used to ensure that the following analysis yields conservative results.
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Exposure room volume: 2 04 x 103 cm3

Air path for each photon: r = 1.31 x 103 cm
Linear energy absorption coefficient for air = u, = 0.32 = 1074 ca°l

-

ugr = (1.31 x 103 em)(0.32 x 104 ca™l) = 0.04192
Since 217 of air is 0y, multiply u.r by 0.21

ugr = (0.04192)(0.21) = 8.8 x 1073

| ~u_r
i‘ +» the energy absorbed by Op in 1310 cm of air =1 - ¢ "

| -] - ¢-0.0088

| \ ' = 0.009

! ~ Since cobalt-60 emits an average of 2.5 MeV/dis. the energy absorbed by

room air per second = (4 x 104 el)(3.7 = 1010 dis/sec-ci) (2.5 MeV/dis)(0.009) =
£ ) 3.33 x 1013 MeV/sec. :

(3.33 x 1019 ev/sec) (13 molecules/100 ev) = 4.33 x 1018 molecules 04/sec

4. 018 molecules 0 48 gm0
| S0 Wikesatag 3”“) £73) = 3.45 x 1074 gmd,y/sec
6.02 x 1023 molecules/gm meole

gm mole
~3.45 x 1074 gm03/se: is produced in the Exposure Room.

o~
-.) 3.45 x 10°4 gm0y/sec
‘ 2.04 x 108 cm3 air

= 1.69 x 10712 gm0,/ sec emd air

-

& 1.69 x 10712 gm03/sec em? air
1.293 x 1073 gm air/cm3 air

= 1.31 x 10”9 gm03/sec-gm air

-

: ) & (1.31 x 10°? guly/sec-gm air) (3.6 x 103 sec/hr) = 4.72 x 1078 gm03/hr-gm a:

= 4.72 PPM 03 produced in the Exposure Room air in a period of one hour as
a result of the photons emanating from a 40,000 curie cobalt-60 source.

(2) Since tha approximate half-life of ozone at 20°C is 3 days, and also
since 907 of the air remcved from the Exposure Room is returned during the
normal operating mode of the "closed-loop" ventilation system, the Cobalt-60
Gamma Radiation Facility is equipped with ozone detection and control equip~-
ment. In order to continuously measure the ozone concentration in the
Exposure Room during in-air-irradiation procedures, a Bendix Ozone Detector,
Model 8002, is installed in the Control Room. A sampling tube, extending
from the unit to a location adjacent to the source elevator, provides th~
unit with a representative sample of Exposure Room air. The detector
analyzes the air sample by the chemiluminescence principle, and displays
results which lie within a 0.01 to 1.0 PPM 04 range. As illustrated on
Figure 5-23, the Cobalt-60 Facility control-console houses a meter whizh
reproduces the reading displayed at the detector unit. [n addition, the VISI-
CON Annunciator Monitor, located adjacent to the control console, produces an
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Supplement No. 5 continued.

audio-visual signal if the ozone moniior is not operating or if high ozone
concentrations are present in the Expcsure Room.

(3) The normal operating mode of the "closed-loop" ventilation system
keeps the Exposure Room at negative pressure with respect to the res: c¢f the
building. Consequently, unless exhausted to the roof of Bui'ding 504, any
ozone produced by in-2ir irradiation procedures will remain in the Exposure
Room and in the ducts of the "closed-loop" ventilation system. When it is
desirable to reduce the ozone concentration in the Exposure Room, tha control-
console operator manually actuates a "purge cycle" control switch. furing a
purge cycle, the air handling system continuously delivers fresh air to the
Exposure Room at a rate of 3000 CFM and exhausts air from the Fxposure Room to
the roof of Building 504 at the same rate. No roow air is recirculated during
a purge cycle. Thus, the control comsole operator is always able to reduce
the ozou2 concentration in the Exposure Room to the 0.1 PPM threshold limit
value recommended by the Occupational Health and Safety Administration (OSHA).

h. Fire Protection. As pointed out in paragraph la of this supp lement,
the Cohalt-60 Gamma Radiation Facility is located within a building which is
classed as a "noncombustible construction' type structure. All areas within

"Building 504 are equipped with fire detection/alarm units which provide local

warning to building occupants and also transmit the alarm signal to a panel
vhich is monitored in the HDL Central Guard Office. The Cobalt-60 Facility is
equipped with combination fixed tempe~ature/rate of rise Thermal Fire Detectors
in order to enmsure reliability both during and after exposures to high levels
of ionizing radiation. Emergency response to fire alarms is provided by HDL
fire protection personnel, four nearby county fire departments and the Naval
Surface Weapons Center Fir2 Department which is located adjacent to HDL.

1. Seismic Analysis. (1) The Building 504 Radiation Facility was designc:
in accordance with the criteria, guidance, and standards furnished in US Army
Technical Manual 5-809-10, "Seismic Design for Buildings", published March 1966.
This manual assigns each geographical location in the United States to one of
five "seismic zones" which are designated by the numbers 0 through 4. Assign-
ment of a high seismic zone number to a region, indicates that a high probabili-
ty of severe, frequent and damaging earthquakes exists in that region. The
fact that the entire State of Maryland is designated as being in Seismic
Probability Zone 1 indicates only minor damage is to be expected from any
earthquake which might occur in this region. Although the evidence is not
conclusive, and any prediction is uncertain at best, Freeman states (Freeman,
John R., 1932, Earthquake Damage and Earthcuake Insurance, New York: McGraw-
Hill Book Co.) that only one destructive earchquake may be expected per century
in the Atlantic region, comprising 600,000 square miles and extending from
Quebec to Florida. The likelihood that the epicenter of a destiuctive earth-
quake would be in or near the Washington, DC area seems ramote.

(2) Since the Cobalt-60 Gamma Radiation Facility {s located in a building
which was designed in accordance with US Army seismic design criteria for this
geographical region, it seems highly unlikely that the shielding, pool, or

24

— — - — : | - e —
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|

conpiementsry Structures would be subject Eo rupture, shifting, or ‘+ing
&8 a result of any probable seismic phenomena.

2. Irradiator System and Operational Characteristics.

4. Pool and Associated Equipment. (1) The cobalt-60 source elemeats
will be stored in che exposure room at the bottom of the 12 feet deep, water
filled pool illustrated in Figures 5-3, 5-7, and 5-18. The concrete used to
construct the one foot thick walls and floor of the pool were ‘ired mono-
lithically in one continuous pour and thoroughly vibrated by m:caanical
vibrators. The entire internal surface area of the pool is lined with a 3/16
inch thick, A-304 stainless steel liner in order to ensure water-tight in-
tegrity. Immediately surrounding the edge of the pool is a concrete toeboard
which'is 4 inches in height. Removable pipe railings, which meet the speci-
fications presented in 29 CFR Part 1910-23, Occupational Safety and Health Act,
are inserted into the toeboard on all sides »f the pool in order to provide a
personnel protective barrier for the floor opening. In addition to the toe-
board and railing, the surface area of the pool is protected by a "metal
grating" type floor-hols cover which is designed to support a live load of
200 pounds per square foot. As illustrated in Figure 5-6, the floor hole
cover consists of 10 sections of removable rating and two removable supports
which accommodate the rails for a movable cart. By removing a section of
grating, an individual may work safely over the pool while supported by the
remaining sections of the floor hole cover. Two underwater lighting fixtures,
similar to those illustrated on Figure 5-15, are attached to removable sec-
tions of grating and suspended beneath the surface of the pool water in order
to provide sufficient light for source element manipulation and accurate
positioning of experiment containers. Both fixtures meet the specification
and installation requirement set forth in the National Electrical Code (NFPA
No. 70-1975) for "underwater lighting fixtures'".

(2) The pool water circulation/treatment system consists of a 50 gallon
per minute circulating pump, a replaceable sediment filter, and two mixed-bed
resin demineralizers. As illustrated on Figures 5-17, 5-18, and 5-21, pool
water is continuously extracted at a point two feet below the pool curb and
is filtered and deionized before being returned to the bottom of the pool.
Since the circulation system inlet is located one foot below the water, it is
impossible to remove more than one foot of water shielding should one of the
system water lines accidentally burst. This system will recirculate the en-
tire volume of pool water approximately 28 times a day and maintain pool water
conductivity at less than 10 micromhos per centimeter without difficulty. A
pool water conductivity monitor, installed at the inlet of the circulation
pamp, continucusly analyzes the pool water and transmits an alarm to the
Control Room annunciator panel if the ion concentration in the pool water is
detrimental to source encapsulation life expectancy. Two in-line pressure
gauges, one on each side of the sediment filter, provides a visual indication
of water circulation system performance.
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1 (3) Pool water is maintained at a depth of 11 feet by an automatic
water level sensing/replacement system. As illustrated in Figures 5-17,
5-18, and 5-23, the pool water level indicator, located in rhe Control
Room, indicates the water level in the pool by responding to a change in
the water pressure applied to an evacuated tube. Four adjustable, pressure-
actuated switches are attached to the water level indicator for the purpose
of providing electrical contact opening: for alarm and water level control
equipment circuits. Switch #1 initiates a "high level" alarm on the control
room annunciator panel when the pool water level is between 136 and 138
inches. Switch #2 interrupts power to the pool water circulation pump when
the pocl water level is between 126 and 130 inches. Switch #3 energizes the
solenoid valves illustrated on Figure 5-21 to refill the pool when the wacer

‘level is between 132 and 135 inches. Switch #4 initiates a "low level"

alarm on the control room annunciator panel if the pool water level drops to
126 inches. The solenoid valves actuated by switch #3 may also be operated
manually from the control console. Although water will normally be added to
the pool via the above mentioned solencid valves, one may always add water
manually by utilizing the emergency-fill water system illustrated on Figures
5-14, 5-18, and 5-21. The manually operated gate valve for this system is
located in the Mechanical Equipment Room in order to assure that water may
always be added to the pool without entering the Exposure Room.

(4) 1f an unexpected event causes ovarflowing of the pool, the excess
water will be cortained by the seamless, acid-resistant floor of the Exposure
Room and vented to a 4000 gallon acid-resistant holding t ak via the Exposure
Room floor drain. As explained in paragraph 1£(1) of this supplement, no

- fluid is discharged from this holding tank to the sanitary sewage system un-

less an analysis confirms that radiocactive material concentrations are below
the maximum permissible concentration guides set forth in Title 10, Code of
Federal Regulatic~s, Part 20,

b. Cobalt-60 Source Elevator and Associated Equipment. (1) The Cobzlt-
60 Source Elevator system is designed for two principle modes of operation.
The Console Operational Mode (COM) permits cne to operate t.e system from the
Control Room during free-air-irradiation procedures. The In-cell Operational
Mode (ICOM) permits operation of the system using controls located ad jacent
to the pool. Use of the ICOM is restricted to operations involving mainte-
nance of the elevator system, attachment of source holding fixtures to the
elevator car platform, and lowering experimental products to the bottom of
the pool, where the source material is stored.

(2) Mechanical design of the elevator system incorporates both safety
and utilitarian considerations. As illustrated on Figure 5-18, the elevator
assembly used to raise cobalt-60 source elements for free air irradiation,orto
lower product to the source elements for in pool irradiation, is perma-
nently positioned against the wall of the exposure room pool and contains a
multiplicity of 1% inch diameter holes in order to ensure that the water
level in the shaft equals that of the pool. The cable-driven elevator car,
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Supplement No. 5 continued. .
illustrated on Figures 5-18 and 5-19, is mechanically restricted to vertical
movement along an elevator shaft which extends from the bottom of the pool

to a distance of 7 feet above the exposure room floor. A platform, containing
tapped holes to permit rigid attachment of a variety of source holding fix-
tures, is bolted to the base of the elevator car. The design of each source
holding fixture will be reviewed by the HDL Radiarion Control Committee prior
to fabrication or use in order to assure that the fixture will restrain source
element movement under all conceivable conditions. Structural design of the
elevator limits the maximum distance the platform may rise above the exposure
room floor to 5 feet 8 inches. The speed and distance traveled by the cable-
driven elevator car is controlled by adjusting the speed and distance traveled
by an aircraft cable attached to a pneumatic piston and counter weight assembly
located in the mechanical equipment room and coatrol room respactively. As
{llustrated on Figures 5-18 and 5-20, an Air Control Box loca%ed in the mechan-
ical equipment room contains (1) an air supply valve for the elevator drive
sylinder; (2) an air pressure regulator assembly for limiting, regulating and
conditioning the air supply for the elevator drive; (3) a descent control

valve for limiting elevator car descent speed; (4) an ascent control valve for
limiting elevator car ascent speed; and (5) a four way solenoid valve used to
change the routing of the air supply oa command of the control console causing
either ascent or descent of the elevator car. A 150 PSI reserve surge tank is
incorporated into the air supply system for the purpose of supplying sufficient
reserve air capacity to return the elevator car to the pool bottom in the event
the power and/or primary air supply system fails. An addicional positive down-
drive for the elevator car is provided by the aforementioned 50 pound counter
weight assembly located in the control room. Although it is not well illustra-
ted by Figures 5-18, 5-19, and 5-20, the counter weight assembly is designed to
continuously exert a dowrward force on the elevatcr car by routing the counter
weight support cable to the base of the elevator car via a sheave assembly
welded to the bottom of the pool. Consequently, the elevator drive system

must exert sufficient pneumatic force to raise both the elevator car and the
counter weight when sources are raised from the pool bottom. If the pneumatic
elevator drive system loses the air pressure necessary to maintain the elevatoer
car and counter weight in an elevated position, the counter weight assembly
will pull the elevator car back to the bottom of the pool. Should mechanical
binding between the elevator car and shaft occur, the counter weight/elevator
drive assembly cables are accessible from a location external to the Exposure
Room and provide an effective means of freeing the elevator car.

(3) A functional description of the operational characteristics asso-
ciated with the elevator control system is provided in Annex 5-A to this
supplement. Additionally, the following figures illustrate electrical cir-
cuitry und equipment incorporated into the elevator control system design:
Figure 5-23 (ANNUNCIATOR, RAM, CONTROL CONSOLE, and SCHEMATICS); Figure 5-30
(IRRADIATOR CONSOLE LAYOUT); Figure 5-31 (CONTROL CONSOLE WIRING); and
Figures 5-32 and 5-33 (IRRADIATOR WIRING DIAGRAM).
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'!c. Rad:ation Safety Interlock fystem. Operation of the elevatc™ control
system i{s limited by a radiation safety interlock system designed and in-
stalled for the purpose of assuring that mno individuali will be exposed to an
area where it ‘s possible to receive a d se in excess of 100 mrem in one hour
as a result of free-air-irradiation procedures initiated at the Cobalt-60
Facility. The following information catalogs the radiation safety control
functions provided by the interlock system.

|

(1) The sole entrance door to the Exposure Room is automatically locked
{mmediately prior to, and during, free-air-irradiation procedures in order to
prevent an {ndividual from entering when it is possible to receive a dose in
excess of 100 mrem in one hour. This Exposure Room access control device
permits deliberate entry "o the Exposure Room only when radiation levels
therein are less than 20 mR/h.

(2) The Visi-Con Annunciator Monitor, located in the Control Room, auto-
matically provides both audible and visual signals to the operator of the
elevator ‘system if the Exposure f.oom access control device (electric lock)
fails to function properly. Nonilluminated legends or the Visi-lon Aanuncia-
tor Monitor indicate that the access control device is functioning properly.

(3) Crash bars are installed on the maze side of the entrance door to
the Exposure Room in order to assure that 20 individual will be prevented
from leaving the Exposure Room.

(4) Should the Exposure Room access control device (electric lock) fail
{mmed{ately prior to free-air-irradiation procedures, the action of opening
the Exposure Room entrance dorr automatically terminates the electrical
power necessary to raise the sourc- elevator car. If this access device
fails during free-air-irradiatior procedures, the action of cpening the
Exposure Room entrance door automatically returns the source elevator car
to the bottom of the pool. In either case, the radiation level within the
Exposure Room is reduced below that at which an i{ndividual could receive a
dose in excess of 100 mrem in one hour.

(5) Any person attempting to enter the Fxposure Room during free-air-
{rradiation procedures is automatically warned that a radiation hazard exists
therein by a large purple beacon located at the entrance to the maze which
flashes continuously when the source elevator car is not located at the bot~
tom of the pool. The console operator is automatically notified by the Visi-
Con Annunciator Monitor if the tight has burned out. In addition, the action
of defeating the control access device (electric lock) for the Exposure Room
entrance door automatically actuates ™wo visible and audible alarms located
on the Visi-Con Annunciator Monitor that serve to warn both the console opera-
tor and the individual attempting to enter the Exposure Room that a hazardous
condition exists.
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(6) Failure or removal of the Exposure Room access door automatically
terminates the electrical power necessary tu raise the source elevator car
and automatically returns the elevator car to the bottom of the pocl if it
18 in an elevated position. Siace this action places the pool water shield-
ing over the source elements, the radiation level in the Exposure Room is
automatically reduced below that at which an individual could receive z dose
{n excess of 100 wrem in one hour. Visual and audible alarm signals are
automatically actuated on *he Visi-Con Annunciatcr Monitor which warn the
console operator and all potentially affected individuals that the physical
barrier to the Exposure Room has failed or has been removed prior to and
during free-air-irradiation procedures.

|

§ (7) A fifteen secnd delay exists betwecn the time the console operator
actuates the elevator drive key switch and the time the elevator starts its
ascent. During this fifteen second period, & horn located in the Exposure
Room automati:ally sounis and rotating purple beacons located in the Exposure
Room and Exposure Room Entrance Maze automatically flash to alert personnel
locared in the Erposure Room/Maze areas tha: free-air-irradiation procedures
are in progress. This warning period allows sufficient tiue for an individual
located in the Exposure Room to actuate any one of four controldevices which
prevent raising of the elevator car. Located adjaceat to the Exposure Room
Pool and {n the Entrance Maze are switches with large 12¢ mushroom caps
bearing the words "EMERGENCY SHUTDOWN". Depressing either of these switches
will cause immediate shutdown of the elevator energizing system until they
are manually reset by the console operator. Also located adjacent to the
Exposure Room Pool is a safety air valve with a large red mushroom c.p, which
will vent the air supply necessary to raise the source elevator car when the
valve cap is depressed. Should the individual elect to leave thc Exposure
Room/Maze area without first actuating one of the aforementioned elevator
control devices, the actiom of opening tne Exposure Room access door will
deenergize the elevator system until the comnsole operator eaters the Fxposure
Room and resets the radiation safety interlock system.

(8) 1In order to assure that the Exposure Room and Maze are cleared of
personnel pricrs to each {ree-air-irradiation procedure using the COM, the
elevator contrcl system is interlocked with an "Operate Key Switch'" located
adjacent to the Exposure Room Pool. Prior to each raising of the elevator
car, the console operator is required to enter the Exposure Room, actuate
the "Operite Key Switch'" with the same key that actuates the elevacor drive
system switch on the cunsole, exit from the Exposure Room, and close the
access doors in a time period of 15 seconds. This operation is intended to
enforce a final visual inspection of the Exposure Room/Maze areas immediately
prior to each in-air-irradiation procedure. Should the console operator fail
to accowplish this task in the prescribed periud of time, no electrical power
{s available to the elevator drive system. Additionally, opening t.e Expos ire
Room access door after accomplishment of this preoperational sequence termi-
nates electrical power for the elevator drive system until the console opera-

tor reenters the Exposure Room and repeats the procedure. Ii the prooperational
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|
sequence is not successfully completed or if the Exposure Room acceis door
is opened after successful completion, audible and visual alarms are auto-
matically actuated on the Visi-Con Annunciator Moni.or in the Con:rel Room
to notify the console operator that the safety interlock system has been
violated. If che Ex) osure Room access doors remain closed after the pre-
operational sequence, the ac :ion of onerating “he counsole key switch for
the elevator drive system automatically locks the Ex-osure Room access doors.

(9) Three Remote A-ea Monitors (RAM's) for ionizing radiation detection
are incorporated into the radiation safety interlock system. RAM #1 is
loccted in the Control Room and has a four decade logarithmic meter scale
from 0.1 mR/h to 1.0 R/h. RAM #2 and #3 are located in the Exposure Room
and have five decade logarithmic scales from LOmR/h t» 100R/h. All three
RAM's are Nuclear Measuremencs Corporation Model GA-2TO plastic scintilla-
tion type ionizing radiation detectors anc ire installed to provide remote
readouts in the Contrecl Room. In addition to providing comtinuous physical
ridiation measurements of the Exposure Room, RAM #2 and #3 function to keep
the Exposure Room access door locked when the radiation level in the Exposure
Room ¢ .ceeds 20 mR/h during COM free-air-irradiation procedures. RAM #2 and
#3 also function tc automatically cause the elevator car to return to the
bottom of the pool if the radiation level in the Exposure Room exceeds i9
mR/h during activities involving the TCOM. RAM #2 and 3 automatically en-
sure that physical radiation measurements of the Exposure Room are accom-
plisked prior to entry of the first individual following free-air-irradiation
proceducres. In addition to consulting the RAM readouts in the Control Room,
the first individual to enter tae Exposure Room following free-air-irradiation
procedures is required to carry a portable ionizing radiation detection survey
instrument and assure that the radiation level in the Exp.sure Room is below
thact at which it would be possible for an irdividual to receive a dose in
excess of 100 mrem in one hour. i

(10) The above enumerated and other features of the radiation safety
snterlock system are throughly described in Annex 5-A to this supplement.
Figuies 5-18 (GENERAL aRRANGE-ENT, COBALT-50 FACILITY), 5-23 (ANWUNCIATOR,
RAM, CONTROL CONSOLE, and SCHEMATICS), 5-24 (CONDUCTIVITY, OZONE MONITORS),
and 5-25 through 5-29 (INTERIOCK SCHEMATICS) illustrate electrical circuitry
and equ.pment incorporated irto the radiation safety interlock system design.

d. Equipment for Manual, In-Pool Irradiation Procedures. Although the
Cobalt-60 Facility is designed primarily for free-air-irradiations, occa-
sionally it is Pesirable to place :"e experimental product inside a water-
tight expe~iment container and lower it to a position adjacent to the sources
located at the bottom of the water-filled Exposure Room pool. The equipment
necessary to safely perform this task is described in the following paragraphs.

(1) Source Holders. Permanently located at the boticm of the Cobalt-60
Exposure Room Pocl are two source holding fixtures mounted on 16 gauge stain-
less steel stands. These fixtures are designed to hold/position the source
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Supplement No. 5 continued. ’

e'ements in a vertical, bolt-circle configuration when they are not being
used fer free-ai‘r-irradiations. As illustrated on Figure 5-17 to this
supplement, holes have been drilled in the base plate of each source holder
to accommodate source elements ‘n 5, 8, and l2-inch diameter bolt-circle
arrangements. A fixed upper plate contains holes to accommodate the upper
end of the source elements located on the 12-inch diameter bolt-circle.

This fixed upper plate has a step on its inner diameter which will accommodate
a stainless steel ring containing holes used te position the source elements
on an 8-inch diameter bolt-circle. This ring in turn is stepped to receive
a smaller stainless steel ring containing holes used to position the source
elements on a 5-inch diameter bolt-circle. 1In use, the innermost ring must
be of the diameter appropriate for the bolt-circle arrangement used.

(2) Source Protectors. Since manual, in-pool irradiation procedures
require lowering experimental materials to the bottom of the water-filled
poel and positioning them ir the center of, or adjacent to, the source
holders, a 16 gauge stainless steel protective cover is installe. over each
source holder. The cover is intended to protect the cobalt-50 source elements
from physical damage which could result from the positioning of experimental
materials or the accidental dropping of a heavy object into the pool. Figure
5-17 to this supplement displays the protective source holder cover in che
functional position.

(3) Experiment Containers. During manual in-pool irradiation procedures,
it is generally desirable to protact the materials to be irradiated from the
pool water. Consequently, the materials will usually be placed in water-tight
metal containers. Typically, the containers are designed with a 4-inch out-
side diameter in order tc assure that they may be positioned in the center of
the source holding fixture when maximum exposure rates are desired. The con-
cainers may also be positioned at varying distances from the source holding
fixtures depending on the exposure rate requirements of the experiment. Al-
though the length and diameter of the experimeat container may vary, the
typical design incorporates a water-tight lid with an attachment for con-
necting a 15 foot handle. After the materials to be irradiated have been
placed in the e:periment container, the lid is sesured in place and the
handle is attached to the lid. Using the handle, the experiment container
is lowered into the Cobalt Facility Pool and placed at a position near the
cobalt-60 source elements. Duplication of source to container position wmay
be accomplished by inserting z nipple vy the container base into the holes
provided in the source holder stand. All pipes serving as handles for the
experiment containers are fabricated with "S" bends near the base to pre-
clude the possibility of radiation streaming through the pipe.

(4) Radiation Warning System. As explained in Annex 5-A to this supple-
ment, the Control and Exposure Rooms are equipped with three ionizing radia-
tion remote area monitors (RAM's) designed, installed and operated to provide
continuous monitoring of radiation levels in the facility on a 24 hour basis.
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RAM #1 detects and indicates the radiation level in the Control Room and is
adjusted to provide an audio-visual alarm if the high level alarm setting
of 2.5 mR/h is exceeded. RAM's #2 and #3 detect the radiation level in the
Exposure Room and are adjusted to provide audio-visual alarms in the Control
Room if the high level alarm setting of 20 mR/h is exzeeded. All three
RAM's are Nuclear Measurement Corporation Model GA-2TO transistorized gamma
alarms, utilizing gamma sensitive plastic phosphors in a detector probe that
is connected by electrical cables to "NEMA boxes" that house an indicating
meter, relays to provide bigh current alarm context, alarm lights, bells,
and voltage supplies. The meter readings and audio-visual alarms displayed
by the "NEMA boxes" mounted on the east wall of the Control Room are also
relayed to the Visi-Con Annunciator Monitor located in the Control Room.
Since the alaims may be heard in the Control Room, Maze, and Exposure Room,
an individual desiring to perform manual, in-pool irradiations is automati-
céllyfalerted if hazardous ionizing radiation conditions exist in the
Exposure Room prior to, during, and afier experimental procedures are con-
ducted a: the Cobalt-60 Facility.

3. (Collateral Equipment. a. Remote Handling Tool. A remote handling tool
is available for the purpose of manipulating objects ‘at the bottom of the
12 foot deep pool while standing at the pool edge. This tool is 15 feet
long end fabricated with a pistol grip handle, duel rubber-lined grip jaw,
and a mechanism that allows adjustment of the grip jaw from the pistol

grip handle. This tool is conspicuously marked at 2 distance of 6 feet

8 inches from the uppermost section of the sour:2-gripping jaw and displays
a warning sign that instructs users not to raise the tool abcve the mark
when it holds cne of the source elements. At a distance 4 feet above tha
pool surface, the exposure rate from a 1554 curie source element will he
less than 0.25 mR/h when the handling tool is raised to the tool warning
mark. This tool contains a multiplicity of %-inch holes to allow a flow

of water into the tool as it is inserted in the pool. Since operation of
this tool is restricted to the Facility Supervisor, Chief Operator, Alter-
nate Operztor, ard *he HDL Radiation Protection Officer, it will be secured
from unauthorized use. ,

b. Source leak-Test/Isolation Containers. Figure 5-17 to this supple-
ment {llustrates the source Leak-Test/Isclation Containers. The two metal
containers are designed so that they can be loaded, sealed, sampled, pumped
dry, and flushed with clean water while at 2 depth of 10 feet below the
surface of the water. Each container is capadble of holding teu source
elements. Both containers are mounted on a metal frame which allows boch
units to be lowered into and extracted from the pool. Both containers are
remotely sealed by ue of a handling tool which is designed co manipulate
a rubber-coated, adjustable diameter, "Turn-Tite Plug". This handling
tool also fills with water as it is inserted in:o the pool. These containers
will be used to perform the required 6 month leak tes: of the source elements
(as described in Supplement 6 of this application) and also to isolate any
leaking source elements until disposition instructions are obtained.
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e. Monorail and Hoist. Figures 5-5 and 5-7 illustrate the location of
the monorail used tu support an 8-ton capacity rrolley and motorized bridge
hoist. This overhead monorail hoist will be used to manipulate the shielded
containers necessary to accomplish transfer operations involving cobalt-60
source elements. The marking, construction, and installation of the mono~-
ra’l hoist is in accordance with American National Standard ANSI B30.16-1973.
Inspection. testing, maintenance and operation of the monorail hoist will
comply with the provisions of 29CFR1910.179 of the Occupational Safety and
Health Act in order to assure safe, reliable operatiou.

d. Exposure Room Floor Track. Figure 5-5 illustrates two floor tracks
extending from the north wall of the Exposure Room to the southern edge of
the pool. Figure 5-6 illustrates, and provides spec _fication for, the
track supports that span tne pooi. All floor track installed in the Expo-
sure Room is American Society of Civil Engineers (ASCE), 60 pounds light
rail, ‘4% inches by 4% inches. The floor track is installed to provide
stationary rails for 2 light-weight cart used to position experimental
materials at varying distances from the cobalt-60 source elements during
free-air-irradiation procedures. Although the floor tracks currently
exist, a cart has not been fabricated to utilize them. Should the neces-
sity for a cart arise in the future, the design will be reviewed by the
HDL Radiation Control Committee prior to fabrication in order to assure
that its design and intended use complement &ll safety considerations.

e. Emergency Lightinz. Emerzency light equipment, approved by Under-
writer's Laboratory Standards for safety, provides emergency light to the
Exposure Room/Maze areas automatically and instantaneously upon failure cor
interruption of normal electric power. The emergency power source for this
unit is a maintenance-free, 6 volt, lead-acid rechargeable battery with up
to 100 lamp watts output at 6 volts DC. One side of the unit has an
observation post for visual inspection of battery liquid level. Addi-
tionally, the unit is equipped with a ready/off switch; a front-mounted
"press-to-Test" switch for quick testing of lamps and battery; an amber
light which glows when the unit is in the ready state; a red light to
{ndicate that the unit is on the high rate of charge; and a front mounted
voltmeter to indicate battery conditionm.

£. Warnine Signs. (1) In accordance with Section 20.203, 10 CFR Part
20, the entrance to the Cobalt-60 Exposure Room will be conspicuously posted
with one sign bearing the radiation caution symbol and the words "'Caution -
High Radiation .rea".

(2) The entrance to the Cobalt-60 Exposure Room will also be conspicu-
ously posted with a sign bearing the radiation caution symbol, . .e -ds
"Caution - Radioactive Material", isotope identification inform.
isotope quantity information, the date measurement of the isotope quantity
was performed, and the manufacturer's trademark.
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(3) The wall opposite the maze entrance to the Cobalt-60 Exposure
Room (east wall) shall be conspicuously posted with a large sign bearing
the radicactive caution symbol and the words "Caution - Large Quantity of
Radioactive Material Located at Bottom of Pool, Immediate Evacuation
Raquired in Case of: 1. Fire or other Hazardous Condition; 2. Continu-
ous actuation of radiation alarms; 3. Low pool water level."

(4) After installation of the Cobalt-60 sources and prior to the
initiation of the irradiation program, a radiation survev shall be con-
ducted to determine the maximum radiation levels above the pcol and in
each area adjoining the Exposure Roum/Maze area. Should the radiation
survey indicate the need for additional caution signs in order to comply
with the posting requirements enumerated in Section 20.203, 10 CFR 20,
they will be obtained and posted prior to the initiation of the irradiation
program.
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I. Iatroduction
- | : .
?ho cobalt-60 irradiator system designed, constructed, and installed
|

by Neutron Products, Inc. for the Harry Diamond Laboratories consists

of the following principal components:

1. Elevator and elevator drive assembly.
%. Console and in-cell elevator controls.
ihi
.-4! Status and alarm anmuncistor.

, Radiation safety interlock systenm.
|
|
|

Cw»

. Water quality system.

6; Ozone detector.

(:) . Th;s'kystem is designed to be operated in two principel modes. The

first.is the Console Operational Mode'(COM) where the operation is

controlled from the console located in the controf room. The souré;

gt material is located on fhe elevator and tﬁe product to be irradiated

" "located in the cell adjacent to the pool. Thé second mode of oéeration
is fhe In-cell Operational Mode (ICOM) where the producf tp be irra- |
diated i;‘placed on the elevator and lowered into the pool where:the

_ source material is‘s:ored.

f‘) IT. Safety Considerations. .

Cobalt-60 emits ionization radiation in the form of hiéhly penetrating

gamma photons which are capable of causing injury and death. In a

cobalg-GO irradiator, therefore, there is significant potential for

person. ( injury from the radiation and from the by-products of thf

interaction of this radiation with air or other materials. Supple-

menting administrative controls necessary to achieve the safe operation,

-
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. III.

~ .A. The source/sample elevator cannot be raised from the-botton of.

&5

e

is a radiation safety interlock system wh%ch priﬁarily functions to

subject the source/ssuple elevator operation “o controls imposed

by various mechanical and electrical safety devices. The elevator

i control system is 1nter10cked with the hazard detection system and
i

status-alarm annunciator to provide for the safety of operatxrg

personnel. The system should never be operated by persons not

‘thoroughly familiar with basic radiation sa;ety concepts and the

rfunetionzng of all of the system's pertinent components. Under no

icircunstances should efforts be made to defeat any components of

the radiation safety interlock system.

Description of the Radzat1on Safety Interlock System

The-radiation safety interlcck system functions as follows:

the pool in the console nperatic .al mode (COM) if any one of the

following conditions exist:

¢

2.
3.
4.

Console power is not on;

The irradiator roem TV monitor is not on;

Low pressure exists in the compressed air supply;

The safety air valve in the irradiator room has been pushed;

Any one of the three emergency stop bottcms has been pushed;

- Any one of the three irradiation monitors is not electrically

energized and operational;

The operator has not entered the irradiator and turned the
in-cell reset switch and exited from the irradiator closing
the maze entrance doors in the prescribed time period of
approximately 15 seconds. This cperation is intended to

enforce a final visual inspection of the irradiato. cell; and,
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e maze doors are opened after the prescribed time has

passed following the operation of the in-cell reset switch.

B. The sorrce/sample elevator cannot be raised from the bottom of
. the pool in the in-cell operational mode (ICOM) if any one of the

!

1.

| »
;
)

o

| following condiiions exist:

The console power is not on;

The irradiator room TV monitor is noé on;

Low pressure exists in the compressed air supply; =

The safety air valve in the irradiator roo— has be?n pushed;

Ahy one of the three irradiation monitors is not electrically

energized and operational;
Any one of the three emergency stop buttons has been pushed;

The operator has not turned the in-cell reset key switch; and

' The operator does not hold th. ®i-cell elevator control key

-switch in its '"On" position.

C. Once in its up position, the source/sample elevator will immediately

Teturn to the pool bottom if any one of the following conditions

occurs:

1. One of the three emergency switches is pushed;

2. A hazardous radiation level is present in the control room;
3. A maze door is opened (except during the ICOM);

4. .The air supp;y pressure droﬁs; and, gl

S. The TV monitor is turned off.

C'. Since the system also allows for using the elevator to lower product

to a source array located on the pool bottom in the in-cell

operational mode (ICOM), protection for the operator controlling the

elevator from within the irradiator is provided by the two in-cell

Radiatior Area Monitors which will immediatcly return the elevator
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to the pool bottom in the event that the high radiation level in

the irradiator is detected within the cell during or after

elevator ascent in ICOM.

Additional safety features are as follows:

1.

The doors are locked when the prescfibed time of approxi-

mately 15 seconds has elapsed following the operation of the '

';.1n~cell reset switch and the operating key switch is turned on

3.

‘.'f?du:inz the Console Operatlonal Mode (COM). The door remains

llocked until the switch is turned off and no high radiation '

level exists in the cell. | ok : | : ' -14

A visual and audible alarm sounds at the annunclator whenever

the maze door is Opened once the in-cell Teset switch has been'

'uoperated dnring COM. A subsequent reset operat;on is required.

Visual ‘and audible alarm sounds when the concentratxoa of

“ogzone in the irradiator cell reaches a preset level.

4.

The door when €lectrically locked to prevent entrance can

- be opened at all‘times from within the cell for unrestricted

exit.

For a preset time before the elevator starts its ascent

a horn sounds and rotating light beams located within the

cell and maze are energized. A separate circuit detects a
burned out light and indicates this on the annunciator. |

A single operation key is used for all functions e;cept the
console power switch for which a separate key is provided.
This key arrangement for the resef and operating switch is
designed to insure that the elevator system cannot be operated

in an improper sequence.
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7. The elevatér drive system which i; composed of a pneumatic
piston and counter weight assemb{y will operate to return the
elevator to the pool bottom in tﬁe e&ent of cither an electrical
power failure or a loss of operating air.

8. High and low pool water level detectors alert the operator
from the annunciator in the contrvl room and a remote mon-
itoring station of potential unsafe conditions.

*9, The witer conditioning system filters and deionizes the
pool water to protect the source encapsulation from corrosion.
A conductivity analyzer alerts the operator of high waier
' coﬂductivity.
10. The status and alarm annunciating system allows the opérator
at a glance to check the present status (normal or abnormal)'

of various components of the system and notifies the operator

———— . — . ———

by audlble signal of a change in status. Certain key signals_ __

_nny be :ransmitted to a remote monitoring station if desired

IV.afEunctional Description of Components

A.

RAM #1 - Detects and indicates the radiation level in the

control room and will not allow the elevator to be raised

or will lower the elevator should the level exceed the high

level alarm setting of 2.5 mR/hr.

RAM #2 - Detects and indicates the radiation level of the
jrradiater room. During the period that the radiation exceeds

the high level setting Qf 20 mR/hr it will keep the irradiator door
locked or in the in-cell operatiocnal mode (ICOM) of the system, will
autormatically caus- the elevator to return to the pool bottom

RAM #3 - Detcc:s.and indicates the radiation level adjacent

to the demineralizer system and will alarm when this level
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exceeds the selected high level alamm setting of 20 mR/hr. It

functions elso tq~grov1de a redundant high level detection and

“alarm during ICOM and causes elevecor to return to pool bo:tom -y

! O e e e

- — cee -

position if a high radiation level is detected.

— - — -

D. Emergency puvsh ‘button swztches located or the operating console,
in the maze, and in the irradiator will cause immediate shut
" down of the elevater energizing sysfen, and lower the elevator.
ES Safety Air Valve located in the 1rradlator w111 vent the
. air supply before the elevator dr1ve pzston so that the elevator
cannot be raised. This valve should be pushed in whenever 1)
~ working in the irradiaeor room. |
F. Level Gange with read out located in the control.room indicates
the water level in the pool and provides electrical contact

openings at adjustable levels to provide alarm and control functionms.

;i\ S ‘ 1. Contact set #1 causes a high level alamm to-be 1nic1;ted when
= | the pool water level is between 136 and 138 inches.

2. Contact set #2 causes the demineralizer pump to shut
,;j | e down when the level dIOps to a point just above the pump

" intake foot valve, 126 to 130 inches.

3. Contact set #3 energizes solenoid valves to refill the pool

— e

\lhen thc water level is. becween 132.end 135 inches i ____, __

4. Contact set #4 provides a low ‘level alarm if the pool water

" level drops to 126 inches. sl i e

G. Radiation Indicator Lights which flash purple are illuminated
when the elevator is not in its pool bottom position, except in

the in-cell operational mode (ICOM).

H. GHorn - Sounds for 15 seconds before the elevater starts its
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ascent except in the in-cell operational mode.

Door Position Switches - Will mot allow the elevator to ascend
if a maze door is opened and more than 15 seconds has elapsed
since the system has been reset. If a door opens after the ele-
vator has ascended, it will immediately descend and remain at
the bottom until the system is again reset. In the in-cell
operational mode (1ICOM) these switches have no funct1on.

Door Lock - Prevents the entrance door from being opened once
15 seconds have passed since the in-cell reset switch has been
operated but allows the emergency exit door to be Op;ned from |
1?side the irradiator. - The lock can be bypassed by turning the
Door lock Bypass Switch in a non routine Operatxon :
Door Lock Bypass Switch - Disengages the door 1ock exc?pt

when the radiation level in the zrradiator exceeds the high

| level alarm setting of RAM #2 or RAM #3.

Reset Key Switch lodated within thé irradiator'-_Mus;.be-tu:ngé
momentarily to reset the control circuit and provide for an
elevator ascent. This operation requires that tie maze door
has not been opened at any time once 15 seconds have elapsed
after the reset switch has been operated in the console operational
mode (COM). In the in-cell operational mode (ICOM), the reset
key switch must be turned before the ICOM key switch'is used to
1ift the elevator.

In-cell Operational Mode Key Switch - Which must be held in
position, raises and lowers the elevator from inside the
jrradiator as described in L, above when operating in the ICOM
providing the ICOM key switch has been, aﬁd remains turned within

15 seconds of the reset switch operation.
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Console Power Key Switch with its own key applies power to i
the console circuitry, and must remain on except when working

on the system since it controls power to the water circulating

system, ard the control and alarm functions which must operate
continuously. |
Console Pump Switch - Turms the water quality pump on and off.

For the pump to be on, the pool water level must be correct

'and the console pump key switch must be "Oon",

Console Fill Valve Push Button - Used to manually add water to‘
the pool or prime the water quality pump. '
Annunciator - Provides visual status indication of monicored
¢onditions throughout the Control System. An rIluminated.h
legend indzcates an abnormal status; a flashing leéend (accom;
panied by an audible alarm) indicates a status “which has changed
from normal to abnormal; 2 nonilluminated 1egend indicates a
normal status . | | |
Annunciator Ack (Acknowledge) - Clears the audzble and visual'
annunciator indications. The visual indications then are of
present conditions. | |
Annunciator Sil (Silence) - Clears the audible annunciator
1ndication. Visual indzcatlon remains unchanged. A flashing
indication means a change from normal conditions has occurred
and may still exist.

Annunciator Test - Tests all annunciator channels for proper

operation. All channels must flash and the audible signal

must be present.
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Remote Annunciator Switch - Connects the master annunciator
0 a remote monitoring point if desired.

Ozone honitor - Samples the ozone content in the irradiator and
in conjunction with the annunciator, warns personnel of potentially.
hazardous concentrations.
Conductivity Monitor - Determines the conductivity of the pool
waxer at the inlet of the waier quality pump and in conjunction
with the anmunciator, warns operations personnel of water .
conductivzty which may be detrimental «; source encapsulatxon 11£e
expectancy. »
Nater Quaiity Sysnem . v .
1. ?unp - Circnlates ‘pool water through the water qualiny.
ks?sten. Note‘ The pump may have to be przmed 1f turned off

""fbr an extended period of time.

2. Pilter - Removes particulate matter from the pool water.

‘3. Pressure Gauges - Provides visual indication of water

oonditioning systems performance as follows:

a. Both readings hiéh and aoproximately.equal
indicates restricted flow through demineralizer
tanks or return line to pool.

b;. Both readings low, pulsating, or zero - pump not

' on or loss of prime. !

‘¢. One reading high and the other low indicates
plugged filter.

d. Both readings moderate with 20 - 30 percent
differences in reading indicates normal conditions.

4. Deionizer Tanks - Removes ionic species from the pool water.
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Air Control Box
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1. Air Supply Shut-cff Valve - When open supplies air pressure

for the elevator drive cylinder and pool level gauge.

2. Pressure Regulator Assembly - Limits, regulates, and conditions

.the air supply for the elevator drive and pool level gauge.

3. Descent Control Valve - Limits the elevator descent speed.

e g—

} 4. Ascent Control'Valve - Liﬁits the elevator ascent speed.

5. Solemoid Valve (4 way) - Changes the routing of the alr
supply on command of the control console, to cause either
ascent or descent of the elevator. = »

6. »Resetve Tank - Supﬁiie# sufficient reserve air capacity

to return to the elevator to the pool.bottom in the event of

fouer failure and/or primary air sgpply system failure.
Operating Instruct;ons 3
Note 1: The following procedure assumes that the total system is
operatiOnal'and that all adjustments have been made and-the system
ijs on stand by (i.e. The RAMs and other instruments are calibrated
and alamm levexs are properly set, the compressed air supply is
on, etc.). (See also Note 2 at end of Section V., Operating Instruétions,
for additional start up instructions.)
1. Check the console power indicating light. The light shoula be on.
2. Turn the remote annunciator off. .
3. Turn on the closed circuit TV monitor.
4, Turn on the ozone monitor.
§. Turn on the conductivity monitor.
6. After 1S minutes has elapsed check and adjust the TV.
7. Push the annunciator test switch and verify that all the

annunciator channels are working.



13,

13.

e

Acknowledge the annunciator.

Check the pool level indicator for the proper wﬁier level.
Check the operation of the RAMs by pushing tﬁe up scale
check button. An annuciator shouid indicate an abnormal
condition for each.

Acknowledge the annunciator. Hereafter, check the cause

of any audible annunciator change-and correct any abnormal

condition,

Verify the following annunciator channel conditions:

" Channel = ' "~ Condition
 RMAMPower . T ous
RAH 1 Level o7 AT . Out ~
RAM 2 Level T ) V-‘Qut. -
CRAM SLlevel . . Out :
High Water ﬁ;ve{ ; Ouf
‘Low Water Level ‘ - Out
Low Air Pressure - Out
8;1. Circuit 1 On
Sol. Circuit 2 On
.s¥;tem Not Reset ' On |
TV Power ' . Qut
" Door Bypassed © Qut
Source on Bottom Cut
High Ozone ~ Out

Investigate and correct any improper condition before con-

tinhing.



14.
15.

16.

17.
18.

19.

20.

21.

22.

¥y

24.

25.

26.
27.

Enter the irradiator.

Depress maoual air vent safety valve before proceeding with
any operations within the irradiator cell. ‘

When ready to raise source/sample elevator close the manual
air vent safety valve. i
Clear the room of all.personnel, Reset - Operate Key Switch..

Make a rapid exit from the irradlator

After the 1rrad1axor door has closed check the System

Reset annunciator indication. The ‘light must be out to

proceed with the operation. If not, this indicates a delay
between the operation of the in-cell reset and closing the

door. 'Repeat steps‘14 and 15, and make a speedier exit.

‘Turn the console operate key switch to "Operate".

Observe the elevator operation via the TV monitor and

counterweight.

Return the Operate keysw1tch to its off posxtion to Teturn
the elevator to the pool bottom. ¥y |
Observe the elevator operatien v1a~the TV-monitor and/or
counterweight;

Repeat steps 11 through 13 when re-entering the irradiator

or 1eaving the fhcilxty.

Turn off the TV, conductivity monitor, and ozone monitor.
Acknowledge the annunciator.

Turn the remote annunciator on.

To irradiate materials at the pool bottom, replace steps 17 through

22 with the following:

17A. Inspect the elevator to be certain that no source material

is attached.
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22A.

Note
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Position knowledgable co-worker with operative survey meter
set o; the proper range to detect any increase in dose rate
as elevator rises.

Turn the Reset-Operate Keyswitch.

Turn the Remote Operate Keyswitch a;d hold in position until
the elevator rises and the material is loaded or unloaded.
Release the Remote Operate Keyswitch to lower the elevator
to the bottom.

To remove the material, repeat steps 14, 15, 16, 17A, 18A,
19A, 20A, and 21A. Then, proceed to itep 24,

2: 1If system is off, {.e. not stand by, the following

additional steps are required:

1. Turn power on to radlation area monitors circuit breaker,

control console circuit breaker, instrument rack circuit

breaker, and water }ittula:ing pump circuit breaker in

mechanical equipment room.

2. Turn on air supply (closing bleed valve if open).

. 3. Turn on comsole power keyswitch.

4. Perform any required scheduled maintenance.
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SUPPLEMENT #6

Item 15, Form NRC 313 I, Radiation Protection brggram
1. Administrative Organization and Responsibilities.

a. Harry Diamond Lazboratories (HDL) functions as a research and
development laboratory of the US Army Materiel Development and Readiness
Command (formerly known as the US Army Materiel Command, AMC, until
February 1976). Consequently, the overall direction of the HDL ionizing
radiation safety program is still guided by AMC Regulation 385-25,w/Ch 1,
"Safety - Radiation Protection' attached as Annex 6-A to this supplement.
This regulation is supplemented by HDL Regulation 383-20, "Ionizing
Radiation Protection Program'" (attached as Annex 6-B) in order to provide
local guidance to HDL personnel concerning the operational requirements
and administrative procedures necessary for the control of ionizing radi-
ation sources at HDL. A description of the organization, and how authority
and responsibility is delegated to personnel directly responsible for the
overall radiaticn protection program is found in Annex 6-B, Paragraph 5.

b. The KDL Radiation Protection Officer is responsible for the radio-
logical safety of personnel using the cobalt facility. He directs all
operations which involve the exposu-e of personnel to ionizing radiation
in order to ensure that exposures are kept within tolerance. 1In addition,
he maintains strict administrative control to minimize hazards during cobalt
facility operations and ensures that all provisions of the NRC license and
applicable regulations are complied with., Although, in generzl, the
Radiation Protection Officer acts through the Ccbalt Facility Supervisor,
he has the authority to halt any operation at the Cobalt Facility that he
considers a potential radiological or safety hazard.

¢, The responsibility for operation of the Cobalt Facility is dele-
gated by the Commander, HDL, to the Ccbalt Facility Operator via the
following chain of command:

HDL Technical Director

Associate Technical Director, 002

Chief, Nuclear Radiation Effect Laberatory, 200
Chief, Simulation Technolegy 3ranch, 2°0

Cobalt Facility Supervisor

Cobalt Facility Chief Operator and Alterna%e Operatcr

The Cobalt Facility 3uperviscr, Chief Cperator, and Alternate Cperator are
individuals authcrized to manipulate the tour:ze elements, source elevator,
console contrcls, and other ecuisment 3ssociated with the control, kandling,
and maintenance of the facility. Thaee indivicuals will satisfy the HDL
Radiation CentrolCommictee as to thair training and experience in the area
of radiolozi:al safety and in the use of radicisotopes. Also, these
individuals =ust demonstrate a trorough knewledze of the Colalt Factility
operating procedures and appliicable saf2zy regulatiang., In addiciom o

the responsibilitizs cutlined in Annex 6-C, Paragraph 3d, the Facility
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Supplement No. 6 continued.

’ .
Supervisor will ensure that the following tasks are accomplished prior
to conducting experiments in the Cobalt Facility.

(1) Verify that all experiments involving the use of the Cobalt
Facility have received review and approval of the HDL Radiation Control
Committee in accordance with tlie procedures set forth in Annex 6-B,
Paragraph 11, of this applicatioen.

(2) Ensure that the Cobalt Facility Standing Operating/Emergency
Procedure (included as Annex 6-C to this supplement) is conspicuously
posted in the Cobalt Facilitv =»nd chat experimenters are aware of its
content.

(3) Determine that all safety equipment and devices are functioning
properly.

2. Administrative Controls and Procedures.

a. All personnel entering the Cobalt Facility will be aware of and

-adhere to the procedures set forth in the Cobalt Facility Standing Operating/

Emergency Procedure which is included as Annex 6-C to this supplement.

b. All maintenance, repair, or experimental procedures involving the
manipulation of the source elements will require the presence of at least
two individuals; one of which must be the HDL Radiation Protection Officer,
the Cobalt Facility Supervisor, the Chief Operator, or the Alternate
Operator.

€. Perscnnel exposures will be limited by the HDL Radiation Protection
Officer in accordance with current AZC and Army instructioms.

d. All proposed modifications to the Cobalt Facility, including all
proposed deviations from established operatfonal or administrative procedures
shall be submitted to the HDL Radiation Control Committee. This committee
shall review such proposals and determine whether or not they are advanta-
geous to the operation of the facility. All proposals will be classified in
one of the following categories.

(1) Major Safetv Chanse: Any change which affects the degree of hazard
associated with the operation of the Cobalt Facility.

(2) Minor Safetv Chanze: Any change not classified as a major change
which is directly associated with the safety of the Cobalt Facility., In-
c¢luded in this category are changes in the principal administration and
operational procedures, nealth physics procedures and mechanical or elec-
trical system alterations to the facility.

(3) Routine Chanza: Changes which have no bearing on the safety
characteristics of tne Cobalt Facility.
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Supplement No. 6 continued.

R
e, All major and minor safety changes réquire the approval of the
HDL Radiation Control Committee prior to requesting approval of proposed
changes, through appropriate channels, from the Nuclear Regulatory
Commission.

f. The Cobalt Facility Supervisor will ensure that the tasks
enumcrated in "Cobalt-60 Facility Weekly Checklist"(Annex 6-D), the
"Periodic Maintenance Schedule" (Annex 6-E), and the '"Periodic Cali-
bration Schedule/Proc¢ dures'" (Annex 6-F) are performed as specified
therein,

g. The Radiation Protection Officer shall perform monthly inspections
of the Cobalt Facility in order to accomplish the following:

(1) Verify that the facility is being used in accordance with pre-
scribed operating procedures.

(2) Perform functional checks on the radiation detection alert
systems.,

3. Facility Operationms.

a. In order to assure that only authorized persons will use or have
access to the Cobalt-60 Facility, the following physical/administrative
controls have been imposed.

(1) The Maze door, installed to control access from the Control
Room to the Exposure Room/Maze, will be locked at all times unless the
Cobalt-60 Facility is ocrupied by authorized personnel. :

(2) The Control Room door, installed to control access from the
grounds surrounding Building 504 to the Control Room, will also be locked
at all times unless the Cobalt-60 Facility is occupied by authorized
personnel. 1In addition tc the door lock, the Control Room door is
equipped with a high-security hasp and padlock which is controlled
exclusively by the HDL Security Guards. The high-security hasp and
padlock will be unlocked during working hours, and will be secured at
all cther times.

(3) As enumerated in the Cobalt-60 Facility Standing Operating/
Emergency Procedure (Annex 6-C), the separate keys to the Control Room
door, Maze dcor, conscle power switch and elevator drive switch are
rigorously controlled by the Cobalt-60 Facility Superviscr, Chief
Operator and Alternate QOperacor.

(4) All exterior windows installed in Building 504, and any open-
ings (such as air vents) which are 96 scuare inches or over are protected
against incrusicn by permanent, steel security grills.
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Supplement No. 6 continued.

(5) The HDL Security Guards provide coﬁtiduOus surveillance of the
Cobalt-60 Facility by performing periodic patrols and also by remotely
monitoring the electromechanical intrusion alarms and ultrascaic motion
detectors installed in the Cobalt-60 Facility Control Room. Actuation of
a surveillance alarn transmits an audio-visual signal to an annunciator
panel monitored by security personnel at the main guard office. Upon
receipt of an alarm, security guards are immediately deployed to arrive
at the site of intrusion in approximately 2 minutes. In additionm to the
security precautions presented above, the entire HDL complex is surrounded
by a 9 gage chain link perimeter fence in order to restrict or impede
access by unauchorized individuals.

(6) The Cobalt-60 Facility Standard Operating/Emergency Procedure
(Annex 6-C) delineates the administrative/physical actions required of
individuals desiring authorized access to the Exposure Room. Annex 6-C
and Supplement No. 5 to this application also define the conditions which
must exist within the Exposure Room/Maze Area before entry is permitted
during the various operational modes.

b. The HDL Cobalt-60 Facility will be used to conduct free-air and
water-well irradiation in order to perform radiatiocn effects testing on
electronic components and for the performance of radiochemistry and
dosimetry experiments. Highly flammable or explosive materials will not
be irradiated at the Cobalt-60 Facility regardless of the operatiomal mode.
In addition to the administrative controls on experiments and experimenters
thus far described in this supplement, all the safety provisions delineated
in the Cobalt-50 Facility Standing Operating/Emergency Procedures will be
strictly adhered to and enforced. A complete description of the functional
characteristics associated with Cobalt-60 Facility irradiator system and
safety support equipment is presented in paragraphs 2 and 3 of Supplement
No. 5 to this application. The step-by-step operating instructions which
must be followed by the console operator in order to perform free-air
irradiations or water well irradiations involving use of the elevator is
presented in paragraph V of Annex 5-A to this application.

¢. In order to assure that the facility is being operated only when
all safety interlocks and devices are functioning properly, the Cobalt-60
Supervisor is assigned the responsibility of assuring that the equipment
checks, maintenance, and calibrations set forth in Annexes 6-D, 5-E, and
6-F of this application are thoroughly performed at the time intervals
specified. Should any of the primary safety support equipment £ail to
funccion properly, use of the Cobalt-60 Facility shall be terminated until
the cause of the maliunction has been determined and corrected.

4. Routine Monitoring Program. a. Radiation Area Monitors (RAM):
(1) The Control Room and Expcsure Room arcas are equipped with three

Nuclear Measurements Corporation Model GA-2TO ionizing radiacion area
monitors installed for the purpose of detecting radiation levels in these

4
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’ .
areas on a 24 hour-a-day basis. These RAMs are incorporated into the
Radiation Safety Interlock System and the Radiation Warning System as
described in paragraph 2¢ and paragraph 2d(4) of Supplement No. 5 to
this application. In the event of an alarm, the Cobalt Facility will be
evacuated and the Radiation Protection Officer will be notified. The
Exposure Room/Maze Area of the facility will not be reentered until the
reason for the alarm has been ascertained or until a radiation safety
survey has been performed.

b. Resin Bed Radiation Momitor (RBM).

(1) In addition to functioning as an Exposure Room Radiation Area
Monitor, RAM No. 3 serves a3 a Resin Bed Monitor (RBM). This monitor is
positioned adjacent to the pocl water deionization resin bed tanks in
order to provide continuous monitoring of the Cobalt-60 Facility pool
water for the presence of a leaking source element.

(2) Removal of cobalt-60 from the pool water by the water purification
system (a mixed resin bed) will have its greatest effect if all the activity
passing through the demineralizer is removed from the water. Assuming a
constant leak rate from a source element, the activity remaining in the
water would be:

e A1 [1- e (-Ft/V)]
M

Where A = total activity in the water
A1 = leak rate
F = yater flow rate through purification system
V = pool water volume :
t = time since start of leak
exp = exponential function

The fraction of activity in the water of the total released would then be:
At (F/V) ¢

The fraction of activity concentrated in the resin bed of the total released
is 1-A/A1 t. Some calculated values of this fraction for normal values of
tl.e parameters for the facility are presented below (V = 2327 gal, F = 50 gpu).

DURATION OF LEAX (DAYS) FRACTION OF ACTIVITY RELEASED AMD
DEPOSITED IN RESTH B3ZD
0.968
0.983
0.989
0.992
0.995

~NPLo-
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(3) Since the resin bed tanks are cylindrical one may use the formulas
and associated data presented in Applied Dosimetrv, K. K. Aglintsev, London
Iliffe Books Ltd., 1965, to calculate the exposure rate at the surface of
the resin bed tank due to the presence of cobalc-60 evenly distributed in
the resin. The following calculation assumes that the resin bed hrs accumu-
lated 1 microcurie of cobalt-60 from a leaking source element.

P = P, If8

Where P = exposure rate from a solid cylindrical source
Po = exposure rate from emitter if all activity were concen-
trated at the center
f = coefficient which allows for the geometry of the source
and the distance from it
f = self-absorption coefficient (0.369)
B = build-up factor (1.3)

Pol = My 4yo1 Ro {H/Ro (1-1n 2H/Ro) + H/R, 1n [H/R, + JH/RYZ + 4]

+2 - J8/Ry)2 + 4} = €.015 uk/h

Where P, " = exposure rate on surface of cylindrical source
Qvol = specific activity of source (1.511 x 10-8 aCi/cm3)
H = cylinder height (106.68 cm)
Ro = cylinder radius (15.24 cm)

Py = R cm’/mCi h for Co-60 (13R/h =Ci at 1 cm)
Now P = P I8 = (0.015 mR/h) (0.369)(1.3) = 0.001 mR/h

The above calculations assume that the cylindrical source is homegeneous and
has the density of water. In order to find the true exposure rate at the
outside surface of the 1/16 inch thick steel tank one must calculate the
shielding effect of the resin bed tank material.

Thus: D = B Dy e~ X

Where D = exposure rate at outside surface of resin tank
Do = exposure rate at inside surface of resin tank
B = Build-up factor (1.0)
u = linear absorption coefficient (0.4672 cm'l)
X = gshield thickness (0.1588 c¢cm)
exp = expcnential function

D = (1.0)(0.001 mR/h)(.9285) = 0.001 mR/h

(4) Since y * 13 mR/h uCi at 1 em for Co-60, and the exposure rate at
the surface of the resin bed tank is 0.001 =R/h for each microcurie of Co-40d
evenly distributed inside the resin bed tank, the Resin Bed Monitor will be
exposed to approximately 0.17 of the activity in the tank. Assuming a back~
ground count rate of 1000 CPM and a €7, efficiency for the dctector, the Resin
Bed Monitor has a minimun sensitivity of 7.12 x 10°“ uCi as shown below:

- e - - - .. R e, .y “eow 0 s - - .
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Min. Sens. = 3/€X (c:t’nmmlc)”2

= 3/(.06) (.001) (1000/T)f = 1.581 x 10 DM
' - 7.12 x 10°% uwci

Where € = count.ug efficiency
X = fraction of total sample presented to detector
t = counting time
CPMgyg = background count rate

(5) Considering the results of the above calculations pertaining to the
Resin Bed Radiation Momitor, it appears that this system will provide ade-
quate early warning in the case of a leaking source element between routine
leak testing procedures.

¢. Routine/Emergency Leak Testing.

(1) At periods not to exceed 6 months the HDL Radiation Protection
Officer will perform leak tests of all source elements in order to assure
that the integrity of the source elements have not been violated. The leak
testing method used will be sufficiently sensitive to detect a 2 x 1074 uci
loss in 24 hours, which is equivalent to less than a 0.05 uCi loss in 6
months. This leak :=est procedure will also be initiated should the Resin
Bed Radiarion Monitor indicate that a source element is leaking.

(2) Procedure: The basic procedure involved in routine leak testing or
in identification of a leaking element will be to isolate groups of the source
elements in the sealed Leak Test/Isolation Containers described in Supplement
5 of this application. These containers are designed so that they can be
loaded with 10 source elements each, sealed, sampled, pumped dry, and flushed
with clean water while at a safe depth under water. Once the source elements
are isolated in the Leak Test/Isolation Containers they will be steeped in
clean water for a period of at least 24 hours and sampled to show an activity
loss of less than 2 x 104 uC1/24 nours. Should testing results indicate
that a contiiner houses a leaking element, the elements in that container
will be divided up between the two leak test containers and the procedure
repeated until the leaking element is located.

(3) Sampling semsitivity: An example of an available system on which
the above test mav be performed with the required sensitivity is the Nuclear
Measurements Corporation, Model PC-4, gas flow proporticnal counter. A one
liter water sample evaporated to dryness (conservetively assuming a 50%
collection efficiency) and counted for 960 minutes, will give a minizmum

~

sensitivicy of 2.24 x 1073 uCi/ead:
Min, Sens. = 3/€Ve¢ (C?HBKG/c)l/Z
= 3/(0.55) (1000) (0.5) (46.0/960)1/2 = 4.98 x 10" dpm/cm?
= 2,24 x 108 uCi/en’
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where € = counting efficiency a
V = sample volume
¢ = collection efficiency during sample reduction
¢ = counting time
CPMpype = background count rate

(4) No servicing, maintenance, or repair of sources will be done at
Harry Diamond Laboratories. Should a source element be found faulty, it
will be transferred to a Source Leak Test/Isolation Container which will
then be sealed. Upon receipt of instructions for disposition, the source
will be shipped to a licensed facility for repair or ultimate disposal.
Should waste dicposal procedures be necessary, it will be handled by the
US Army Armament Materiel Readiness Command, Rock Island, IL in accordance
with the procedures delineated in Army Regulation 755-15, '"Disposal of
Unwanted Radicactive Material."

S. Emergency Organization and Procedures.

a. Organization for Emerggncieéz

(1) Any individual discovering fire or other hazardous conditions at
the Cobalt Facility is required by the "Cobalt Facility Standing Operating/
Emergency Procedure" (attached as Annex 6-C to this supplement) to evacuate
the building, report the nature of the problem to the HDL Guard Office, and
muster in the Bldg. 504 parking lot to await further instructions.

(2) Upon notification of the emergency condition the HDL Disaster Control
Plan specifies the following course of action.

(a) The HDL Guard Office will notify the Fire Department, the HDL Fire
Chief in case of fire, the Medical Office in case of injuries, the Safety
Office, Radiation Protection Officer, and the Commander. The Guard Force
will deploy personnel to direct emergency personnel to the scene and advise
them of the fact that a radiation hazard may exist. All uninjured personnel
who may have been exposed to ionizing radiation or contaminated with radio-
active material will be directed and detained in a safe area by the Guard
Force until monitoring and decontamination assistance is available.

(b) The Medical Office will treat injured personnel brought to the office
or the Nurse will visit the scene to render First Aid assistance and summon
additional assistance if necessary.

(¢) The Motor Pool Officer will be alerted to stand-by to furnish
transportation to hospitals.

(d) The Radiological Protection Officer will represent the Safety Office
at the scene of the emergency in ovder to advise emergency personnel ol the
radiological hazards associated with the incident and assist in evaluating
plans for remedial actions.
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Supplement No. 6 continued.

(e) The Safety Branch, HDL Fire Chief (in case of fire) and the Branch
Chief of involved persomnel will investigace the accident after measures to -
eliminate the hazardous condition have been performed.

b. Hazard Due to Abnormal Water Levels or Non-Returning Exposed Source.

(1) The exposure rate at the normal surface of the pool has been calcu-
lated for several water levels and is presented in Figures 6-1 and 6-2. These
were calculated using the expcsure buildup factors for a point isotropic source,
infinite medium, calculated by Goldstein and Watkins and presented in Engineer-
ing Compendium on Radiation Shielding, Volume 1, Springer-Verlag New York Inc.,

- 1968. As shown by Figures 6-1 and 6-2, the situations in which low water

-—— -

levels occur do not represent serious emergencies except in extreme cases, ie,
very little or no water. In the extreme case, emergency personnel have the
capability of flooding the pool from a location external to the Exposure Room
by utilizing the emergency fill water system installed specifically for that
purpose; this system is described and illustrated in Supplement No. 5 to this
application. Consequently, the size of the leak required to maintain the
sources in an unshielded condition (ie, a dry pool) would require the occurrence
of a very improbable event. :

(2) Actions taken in the event of an abnormal water level or source
position are predicated on the assumption that as long as the Exposure Room
remains secured, there is no problem with regard to persoannel radiation
hazards. The only personnel exposure hazards that might arise would be
created by the process of correcting the problem. In the case of a nom-
returning, fully exposed source, any procedure which might be initiated,
other than those built in to the system, would be transmitted to the US
Nuclear Regulatory Commission prior to implementation. However, comsidering
the free fall design of the source elevacor and the back-up emergency haul-
down capability (described in paragraph 2b of Supplement No. 5 to this appli-
cation) the likelihood of this possibility is very minuscule.

¢. Remote Emercency Situations:

(1) The possibility of personnel exposure from falling into the Cobalt~
60 Facility pool is minimized by pool design and administrative procedure.
As recommended by che Occupational Safety and Health Act Regulations, 29 CFR,
Part 1910, the pool is guarded by a standard railing wich standard toeboarc
on all sides and a hinged floor hole cover of standard strength (see Supple-
ment No. 5). The Cobalt=60 Facility Standing Operacing/Emergency Procecure
(Annex 6-C of this supplezment) requires that at least two persons be in the
facility when a task requires standing over the exposed tank. Restrictec
access to the pool surface and the requirement that two persons be present
when work involves removal of the pool cover minifies the pessibility thac
an unaided individual could fall into the pool.

{2) Rupture or shifting and tilting of the Cobalt-A0 Facility due to
earth movement is unlikely due to the extremely remote possibility of a
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destructive earthquake in the Washington area. The seismic analysis,
presented in paragraph 1i of Supplement No. 5 to this application, indi-
cates that the structural characteristics of the Cobalt-60 Facility are
adequate tc cope with any probable seismic phenomena.

6. Source Installation. a. The initial shipment and installation of all
cobalt-60 source elements for the HDL Cobalt-6C Facility will be performed
by the source manufacturer (Neutron Products Inc., Dickerson, Maryland) in
accordance with the step-by-step procedures enumerated in NPI Specification
P-5, attached as Annex 6-G to this supplement. The names of the persons

who will be unloading the shipping containers and a description of their
training and experience in performing such operations is presented in

Annex 6-H to this supplement. As indicated by Annex 6-G, the Department

of Transportation approved source transfer container will be lowered to the
bottom of the 12 feet deep water filled pool prior to removal of the source
elements from the transfer container. The remote handling tool described .
in Supplement 5 to this application will then be used to extract the source
elements from the transfer container and install them in the source holding
fixtures located at the bottom of the same pool. Prior to the installation
of the source elements in the irradiation facility the following conditions -
shall prevail:

(1) The transfer will not be attempted until the HDL Radiation Protection
Officer is present and certain that all individuals are competent in all
phases of the operation and are familiar with the loading and monitoring
procedures.

(2) The HDL Radiation Control Committee must approve all source trans-
fer procedures prior to their implementation.

(3) An exclusion area shall be established and cleared of all personnel
not directly involved with the source transfer operation.

During the actual installation of source elements into the source holding
fixtures the follcwing precautions shall be taken:

(1) The HDL Radiation Protection Officer shall perform a series of leak
tests to check for source leakage that may have occurred while the sources
vere in transit to HDL. Leak test smears will be removed to non-radiation
areas and checked with a G-M survey meter. If n2 significant activity is
detected on the smears they will be placed in a gas flow proportional counter
for accurate analysis and documentation of activity levels. If significant
activity is found on smears, the transfer operation will cease until the
source of contamination is found and appropriate ~orrective action tzken.

(2) Continuous menitoring of the radiation levels inside the exclusion
zone will be made during the transfer operation. This monitoring will be
accomplished by use of portable survey meters and also by the remote area
monitors installed in the Control and Exposure Rooms.

10
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b. After all source elements have been loaded into the source holding

fixtures at the bottom of the pool a complete radiation monitoring survey will
be performed by the HDL Radiation Protection Officer. All areas of the build- -

ing normally occupied by personnel will be checked with portable survey
meters. All equipment used to transfer the source elements and the surface
area over which the source transfer operation was conducted will be checked
for radiocactive contamination by wiping the surfaces with filter paper and
analyzing the filter paper in a gas flow proportional counter to ensure that
removable surface contamination does not exceed 100 disintegrations per
minute per 100 square centimeters. Should coantamination in excess of 100
dpm/100 em? exist, the source of contamination shall be determined, elimi-
nated, and decontamination procedures implemented until all affected surface
_areas are within acceptable contamination limits.

7. Initial Shieldinz Survev. The shield survey will be performed in two
steps. A cursory survey of the areas adjacent to the Exposure Room/Maze
Areas, such as the Control Room, Mechanical Equipment Room, Radioactive

M terials Storage Room, HIFX Exposure Room, HIFX RF Shielded Room, roof

a 1 exterior building walls, will be made while the source elevator car
sustains approximately 5 kCi of cobalt-60 in the free-air-irradiation posi-
tion. Following this, a more comprehensive survey will be performed with
the maximum loading of the irradiator elevator allowed by this application.
With the maximum loading of cobalt-60 sustained in the free-air-irradiation
position by the elevator, all areas adjacent to the Exposure Room/Maze Area,
the bulk shielding, and shielded penetrations such as conduits and air
ventilation ducts will be surveyed. These locations will be surveyed with
the sources raised to the most hazardous position with respect to the
particular area being surveyed.

i1
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t. Purpos:. This regulation establishes U.S. Army Materiel
Command (AMC) ionizing radiction protection standards.

2. Scope. This regulation applias to all AMC elements procuring,
receiving, storing, shipping, us‘ng, transporting, maintaining, or
disposing of ionizing radiation-producing materials and/or equipment.
Ihis regulation does not apply <o nuclear weapons, nuclear reactor
systems, or spent fuel from nuclear reactors, nor does it apply to
LASER or microwave radiation.

3. General. This regulation supplements AMCR 385-224 and is to
be used in conjunction with AMCR 385-224.

a. Waivers of radiation safety requirements of this regulation
are the same as those set forth in AMCR 385-224.

b. National Bureau of Standards handbooks on radiation pro
tection shall be used as AMC standards in planning of facilities and
local procedures except where such publications conflict with the
requirements of this regulation in which case this regulation shall

apply.

¢. The terms shall, will,or must indicate mandatory require-
ments., T™e term may or should is adviscry.

4, Definitions. See appendix A.

5. Policy. a. Prior to the use of sources of ionizing rauiation
in any program or project, and prior to the incorporation of a source
of ionizing radiation into an item of supply (issue items), the cost
effectiveress and safety of such use must be weighed against the use
of alternate methods or materials to achieve project or program goals.
The radiological hazards shall be investigated and written guidance
prepared before supply items containing sources of ionizing radiation
are issued for field use. (The word "radiation" will be used in this
regulation for "ionizing radiation.") !

b. Without proper controls, radiation can be hazardous to health
and property. Consequently, proposals to obtain, use, store, transport,
maintain, or dispose of items which are, or contain, sources of ionizing
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radiatior will be carefully evaluated to assure that all resulting
exposures to radiation will be kept to a minimum.

¢. Adequate procedures, facilities, equipment. and trained
personnel will be provided to assure the safe use of materials or
equipment capable of producing radiation. Failure to meet this require-
ment will result in cessation of operations or delay in start-up.

d. Commanders of separate activities tenanted upon an instal-
lation will be guided by the installation radiation protection stand-
ards. Local radiation protection standards will not be less restrictive
than those standards established by Federal, Army, or AMC regulations,
Should a separate activity's mission be hampered or restricted by
the installation requirements, and the difficulty cannot be resolved
at local level, the problem will be forwarded to the Commanding General,
AMC, ATTN: AMCAD-S. ;

e. Headquarters, AMC Safety Division, developes and directs
the AMC Radiation Protection (health physics) Program.

6. Responsibilities. a. Installations and activities. Commanders
of installations and activities that procure, receive, store, ship, use,
transport, maintain, or dispose of sources of radiation will:

(1) Establish a formal, written radiation safety program.
(2) Appoint a radiation control committee.

(3) Appoint a qualified individual as radiological pro-
tection officer (AR 40-14) and an alternate to provide continuity of
operations.

(4) Assure compliance with Federal, State, and local
regulations,

b. Radiation control committee., The committee will consist
of the commander or his designated representative, the radiological
protection officer, medical officer (wnere the establishment has a
medical facility), the safety director, and other persons who are know-
ledgeable in the safe use of radiation, as are deemed necessary.
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(1) Resppnsibilities of this committee will include:

(a) Recommending to the commander policies on the
safe use, handling, storage, transport, receipt, shipment, and disposal
of sources of radiation.

(b) Reviewing the radiation safety aspects of pro-
posals for the procurement and use of sources of radiation, the modifi-
cation of existing radiological operations and operating procedures,
and providirg recommendations to the commander for appropriate action,

(¢) Reviewing applications for Atomic Energy Comuis-
sion (AEC) iicenses or Department of the Army authorizations.

(d) Reviewing and approving the qualifications of
users of raciation,

(e) Reviewing reports of radiation accidents and in-
cidents to determine the cause and recommending appropriate action to
the commander.

(2) The radiation contrc! committee should not exercise
the functions of a clinical committee on radioisotopes in a medical
facility, or of a reactor safeguards committee. However, handling,
receiv:ng, shipping, storage, transport, or disposal of radioisotopes
beyond the control of the immediate medical or reactor staff is subject
to the review of the radiation control committee.

(3) The committee membership will be kept up-to-date.
Training and experience resumeés for each member of the committes will
be kept on file by the radiological protection officer. In those cases
where the committee membership list and résumés are on file at the AEC,
the AEC will be advised of membership changes by letter forwarded
through the Commanding General, AMC, ATTN: AMCAD-S. (See AMCR 385-9.)

c. Radiological protection officer (RPO)., The training and
experience of the radiological protection officer and his alternate
must be commensurate with the type and hazard of the radiation source(s)
for which they will be responsible. As a minimum, the formal training
of the radiological protection officer and his alternate will be suc-
cessful completion of the U.S. Public Health Service Occupational
Radiation Protection Course or equivalent. Organizationally, he should

A2m2
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be in a position wherein he can effectively advise the commander and the
radiation workers on matters of radiation safety.

(1) 1In cases involving more than 100 millicuries of unsealed
sources and more than 10 curies of sealed sources, the radiological pro-
tection officer should be an individual other than a radiation user.

(2) Responsibilities of the radiological protection officer
will include:

(a) Providing the commander, radiation control commit-
tee, and radiation users with advice and assistance on all matters per-
taining to radiation safety. (Advice includes instructing and training of
workers and visitors in the safe use of protective equipment and proce-
dures.)

(b) Implementing the radiation protection safety program.

- (¢) Reviewing radiological operations to determine
compliance with regulations and approved proccdures.

(d) Maintaining an accurate record of the inventory of
sources of radiation possessed by the installiation or activity in accord-
ance with AR 700-52. The record for each item should include: Federal
stock number and nomenclature, manufacturer's model number, description
and serial number, the isotope, source radioactivity and date radioactiv-
ity was determined, chemical and physical form, whether sealed or unsealed,
date received, and using crganization and locati n.

(e) Maintaining radiation protection records.

(f) Performing radiation surveys and leak tests, or
causing such surveys and tests to be performed. The accuracy of tests and
surveys if performed by others remains the responsibility of the radio-
logical protection officer.

(8) Evaluating the hazard potential and adequacy of
protective measures for existing and proposed operatioms.

(h) Reviewing standing operating procedures (SOP s) for
operations involving sources of radiation prior to review by the radiation
control committee.

(1) Investigating radiation accidents and incidents.

() Reporting the findings of investigations (para
30) in accordance with AMCR 385-3.
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(k) Assuring that radiation detection instruments are

properly calibrated and are available to radiation wnrkers.

(1) Monitoring incidents wherein unusual levels of

radiation or contamination are suspected.

(m) Prior to being relieved of his duties, the radio-
iogical protection officer will take the following action with regard to
radioactive materials and equipment for which he is responsible:

1. Secure all material and equipment in such a
manner as to preclude use or removal during the period for which there is
no radiological protection officer appointed; or

2. Turn over to a properly qualified and authori-
zed individual, all materials and records for which he is responsible.
Such an authorized individual will have the qualifications and training
required of a radiological protection officer.

d. Supervisors of radiation workers or radiologicll projects
will be responsibl: for:

(1) Maintaining a current inventory of all sources of radia-
tion for which they are responsible.

(2) Knowing the exact location of all sources of radiation
for which they are responsible.

o

(3) Posting appropriate wa:ning signs and notices.

(4) Assuring that their personnel have received adequate
instruction and experience prior to using or being exposed to radiation.

(5) Controlling contamination.

(6) Assuring sources are secured against unauthorized use.

(7) Controlling personnel exposures.

(8) Preparing, prior to the start of any operation involving
radioactive material or possible exposure to radiation, an adequate SOP
for reviev by the Radiological Protection Officer and the Radiation
Control Committee prior to final approval in accordance with paragraph
The SOP will contain,as a minimum, responsibilities,
maximum permissible levels of radiation in the areas concerned, storage of
sources, procedures regarding dosimetry, decontamination,and emergencies.
(This SUP 1s mandatory for operations in which there is a reasonable proba-
bility of exposure beyond established limits.)

1625, AMCR 385-224.
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(9) Enforcing SOP's, rules, and special precautions,

(10) Reporting to the radifological protection officer, any
accident, unusuel incident, personnel injury, however slight, suspected
overexposure, and/or suspected internal exposure, as soon as possible
after occurrence.

(11) Prior to being relieved of his duties, each radiation
supervisor will take the following action with regard to all radioactive
materials and equipment for which he is responsible:

(a) Secure all material and equipment in such a manner
as to preclude use or removal while not under the immediate supervision
of a qualified and authorized individual; or

(b) Turn over to a properly qualified and authorized
individual, 21l materials and equipment for whict “» is responsible,
Such an individual will have the qualifications and training required for
the safe handling of the materials involved.

e. Radiation workers will be responsible for:

(1) Knowing and following SOP‘'s, rules, and special instruc-
tions. s

(2) Using safety equipment properly.

(3) Reporting to the supervisor any accident; unusual inci-
dent; perscnal injury, however slight; suspected overexposure and/or sus-
pected internal exposure; as soon as possible after the occurrence.

7. AEC licenses and Department of the A authorizations. AMCR 385-9
furni shes guidance for installations and activities for obtaining AEC
licenses and Department of the Army (DA) authorizations required by
AR 700-52,

8. Local control of radioactive material. a. Activity and instal-
lation commanders will establish internal procedures to control the
procurement, veceipt, shipping, transport, use, maintenance, storage,
and/or disposal of the following radiation sources:

(1) Radioactive solids in excess of 1 microcurie or with a
specific radioactivity exceeding 0.002 microcuries per gram or emitting
a dose rate of 0,1 millirad/hr at contact.
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(2) AEC-controlled materials in excess of the quantities
listed in Title 10, Code of Federal Regulations, Section 31.100.

(3) Machines which produce radiation; €.8., X-ray devices,
accelerators, electron microscopes, etc.

(4) Radioactive gases or liquids of concentrations in excess
of the values listed in Table II, Appendix B, Title 10, Code of Federal
Regulations, Part 20. (See para 19 and 20 for disposal and release
requirements.) :

(5) 1Items activated in nuclear reactors (including Army re-
actors), by accelerators or by nuclear weapons.

b. Activity or installation approval of proposed procurement,
receipt, use, transport, storage, maintenance, and/or disposal of radio-
active material will be based upon the following considerations:

(1) Organizational element responsible for the proposed op-
eration.

(2) Purpose for which the materials will be used, including
the desired initiation date and estimated duration of the project.

(3) Materials desired, including:

(a) Isotopes and maximum activities to be used and
possessed at any one time.

(b) Whether sealed or unsealed.
(c) Chemical and physical form.
(4) Qualifications and experience of persons who will
directly supervise the operation and of the Radiological Protection

Offi~er.

(5) Qualifications and experience of persons who will use or
handle the material.

(6) Locations where sources will be used or stored (building
number, room,and/or area number).

(7) Radiac instrumentation available to support the cpera-
tion.
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(8) Adequacy of facilities and equipment, storage contain-
ers, exhaust hoods, handling equipment,and protective equipment available.

(9) Adequacy of operational procedures, including procedures
to be followed for collection and disposal of contaminated waste materials.

(10) Adequacy of ‘radiation protection procedures to include
safeguards to preclude emergencies, and actions to be taken should an
emergency occur.

(11) Estimated exposure of operational and nearby non-
operational personnel.

(12) Authority and conditions established in the AEC license
or DA authorization issued to the installation or activity.

c¢. Activity or installation approval for programs involving
machines which produce radiation will be based on the following information:

(1) Type of device.
(a) Function.
(b) Manufacturer and model number.
(¢) Radiation output.
(d) Anticipated workload (hours/month).
(.5' Whether fixed or mobile operation is anticipated.

(f) Whether single or multiposition exposure head is to
be used . 4

¥ .
|
\

(8) Pulse duration and anticipated workload.

(h) Target.

(1) Calibration procedure and frequency.

(j) For accelerators, the curie level of the target, the
mode of operation (positive or negative), energy of accelerator particles,
the procedures for exchange of targets, and the available ventilation will
also be cons-dered.

(2) safeguards.

(a) Shielding.
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(b) Interlock provisiocns and console locations.

(¢) Estimated exposure based on seven consecutive day
operations modified by the planned workload. (Exposures of operational
and nonoperational personnel must be considered.)

(d) Occupied locatiohs nearby.
(e) Boundaries of restricted area.
(3) Training and experience of operators.

d. Approval of the commander should be withheld until the
radiation control committee has determaned that:

(1) The proposed operation complies with regulations, cur-
rent standards, and conditions contained in applicable licenses and/or

DA authorizations.

(2) The operation will not present undue personnel exposure
damage to property.

(3) Personnel are adequately trained.

(4) Facilities, equipment, locations, and procedures are
adequate to assure safe operation.

(5) Necessary conditions and controls are provided.

9. Radioactive material. a. Unsealed radicactive material should
not be used where sealed sources can perform the desired function.. Un-
sealed radioactive material may result in the contamination of personnel

and equipment if not properly handled.

b. The least hazardous chemical and physical form should be
selected.

¢c. Storage or use of eating, drinking, chewing, smoking, and
cosmetic materials will be prohibited in the {mmediate areas containing

radioactive materials.

d. Radioactive solutions will not be pipetted by mouth.
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e. Disposable paper towels and handkerchiefs will be provided
i:) workers in areas containing unsealed radicactive materials. Properly
marked receptacles will be provided for the disposal of such materials.

£f. Operations and facilities involving radioactive materials
should be planned to limit the spread of radioactive material.

(1) Work arecas will be designated, marked, and monitored.

(2) Movement of personne! and unsealed radioactive material
will be minimized.

8. Ventilating systems will be designed so as to preclude the
spread of radiocactive materials.

h. In the case of sealed sources, the capsule enclos{;g the
radioactive material and the physical form of the radioisotope will be
chosen to minimize the possibility of dispersion, inhalation,and ingestion
of the material. The capsule and container should be resistant to fire
and corrosion.

i. Operations using remote-control devices to control sealed
sources of radiation should be designed to prevent leakage or rupture of
the source capsules; to provide a positive means of containment of con-
tamination in case of leakage, rupture or other damage to the capsule; a
positive means of control of the sources from 'safe" to "exposed'" position;

'j) and an interlock,visual or audible alarm system to prevent entry of per-

; sonnel into the radiation field while the sources are in the "exposed"
position. Compressed gas systems are considered to be the least likely
type of system to meet these requirements.

j. TB MED 232 provides guidance concerning storage and maiate-
nance of self-luminous devices.

10. Safe handling of radiocactive materials. Additional guidance on
the safe handling of radicactive materials is available in National Bureau
of Standards Handbook 92.

11, Other sources of radiation. a. Guidance for design of facilities
and preparation of operating procedures for other sources of radiation,
such as X-ray units, accelerators, and electron microscopes, can be found
in National Bureau of Standards Handbooks 50, 55, 63, 66, 76 and 97, or
replacement documents, available from the Superintendent of Documents, U,S.
Government Printing Office, Washington, D.C. 20402,

11



— — e — ) ———

AMCR 385-25

b. Hazards associated with the high voltage, secondary beam,
scattered radiation and activated material must also be considered. Venti-
lation, interlock provisions, shielding design, remote control, and handl-
ing procedures are essential considerations.

¢. Prior to operationm,X-ray, accelerator, and similar facilities
should be surveyed by a competent individual for radiological safety haz-
ards in construction and operation. The services of the U.S. Army
Environmental Hygiene Agency are available for these surveys (AMCR 385-7).
In order to avoid modification of or delay in operation of these facilities,
the construction plans should be reviewed by a competent person.

12. Personnel exposure. The radiation exposure standards contained
in this section are applicable to all personnel. Exposures incurred dur-
ing examination or treatment for medical or dental purposes are not to be
{ncluded in calculations for compliance with this section. However,
medical exposures should be considered in the programing occupational ex-
posures. ‘

a. Exposure'of personnel will not exceed the following values:

(1) Personnel 19 years of age and over who are occupationally
exposed to radiation:

(a) Accum:lated dose to the whole body, head and trunk,
active blood-forming organs, gonads, or lens of the eye will not exceed:

1. 3 rem in any calendar quarter, or

2. 5(N-18) rem total lifetime dose where N equals
the present age in years.

(b) Accumulated dose to the skin of the whole body or
the thyroid will not exceed 7% rem in any calendar quarter or 30 rem in
any calendar year.

(¢) Accumulated dose of radiation to the hands and fore-
arms and to the feet and ankles will not exceed 18 3/4 rem in any calendar
quarter or 75 rem in any calendar year.

(2) Members of the general public, personnel not occupa-
tionally exposed, and persons who are less than 19 years of age will not be
exposed in any calendar quarter in excess of 0.125 rem or in excess of
0.500 rem in any calendar year. Pregnant women will not be exposed to
{fonizing radiation for other than medical reasons (AR 40-5). At the first
{ndication of pregnancy, women should notify their supervisor.
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b. Before permitting any individual to receive an exposure in
excess of the limits in a(l) above the installation or activity will
forward a request through channels, to the Commanding General, AMC, ATTN:
AMCAD-S, for review and coordination. In addition to the information re-
quired in Title 10, Code of Federal Regulations, Section 20.102, the
proposal must contain complete justification and describe the means for
assuring that the higher levels requested will not be exceeded.

¢. Personnel exposure will be kept as low as practicable. The
necessity for exposure must be weighed against the benefits expected.

d. When an individual has received exposure in excess of the
amount established for a cale:dar quarter, he shall be removed from duties
involving exposures to radiation until subsequent exposure limitations are
established through consultation with competent medical authority. When
an individual has received exposure in excess of that established for a
calendar year, he shall be removed from duties involving further exposure
until his exposure records have been evaluated by Headquarters, AMC, and
subsequent exposure limitations are established. When an individual has
received an accumulated dose of radiation in excess of 5(N-18) rem, he
shall be removed from duties involving occupational exposure to ionizing
radiation until his exposure record has been evaluated by The Surgeon
General, Headquarters, DA, and subsequent exposure limitations are established.

e. Kadiation workers may be exposed to the limits established in
a(l) above, when warranted. However, personnel exposure will
be kept as low as practical. The necessity of exposure must be wcighed
against the benefits expected. Should an individual receive exposure in
excess of the limits listed below, the circumstances invelved will be re-
corded in the radiation protection records and the affected individual's
DD Form 1141.

(1) 0.3 rem in any seven consecutive days, or
(2) 1.0 rem in any calendar month.

f. Should an individual be exposed to external radiation as well
as internal radiation,his total exposure must be considered and recorded.
For example, should an individual's thyroid receive eight rem in a calendar
quarter as a result of a radioiodine spill, that exposure should be added
to his whole body exposure to determine the total dose received by the
thyroid.

8. Additional guidance concerning maximum permissible concentra-
tion and control of internal raciation hazards are contained in Title 10,
Code of Federal Regulation, Part 20, and National Bureau of Standards
Handbook 69.

13
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13. Medical examinations. a. Radiation workers should be given
a preemployment examination which includes medical history, radiation
exposure history, physical examination, and a complete blood count,.
Personnel who are to be occupationally exposed to neutrons will be given
a slit-lamp test prior to exposure. 1f radiation workers are to be ex-
posed to unsealed radiation sources, appropriate bio-assay should be
taken to establish base lines.

b. Any abnormalities will be recorded and carefully considered
prior to exposure Or continued exposure.

c. 1f a similar examination has been conducted within the past
6 months, those portions of the examination need not be repeated for
which results are entered in the individual's record.

d. Visitors and personnel on temporary duty for less than 30
days do not require a medical examination provided they will not be ex-
posed to radiation in excess of the levels established in paragraph 12a(l),
or to radiocactive concentration in excess of those given in Ticle 10,
Code of Federal Regulations, Part 20, Appendix B, Table I1I.

14, Periodic medical examinations. a. Radiation workers should
be given a medical examination at least once every 3 years. Dependent
upon the work involved, the medical -officer may desire to repeat the
examination more frequently.

b. Upon termination of the occupational exposure, the individual
should be given a medical examination.

¢. In the event of an overexposure, a medical examination may
be necessary.

15. Trzining and experience of personnel. a. Personnel, including
visitors, who will be exposed to radiation and/>r radiocactive materials
will be informed of the following information prior to exposure:

(1) The presence of radiation or radicactive material.

(2) Health hazards associated with exposure to such materials
and/or radiation.

(3) Procedures and precautions to minimize exposures.

14
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(4) Applicable provisions of AEC licenses, DA authorizations,
regulations, and standine operating procedures.

(5) Emergency procedures.
(6 P®ight to receive a report of his exposure incurred.
(7) Proper use of protective equipment and clothing.

b. Radiation workers will receive the instruction in a above.
In addition they will be instructed in the following areas:

(1) Maximum exposure and contamination levels.

(2) Safe methods of performing work. (The use of protective
equipment and the operational steps involved will be demonstrated.)

(3) Procedures to minimize contamination and to secure
sources of radiation from unauthorized vse.

c. Before an individual uses or supervises the use of sources of
radiation, the radiation control committee should determine that his train-
ing and experience are sufficient to enable him to deal safely with mate-
rials involved

d. An individual whose training and experience is not adequate
will be required to work under the direct supervision of a person known to
be qualified until such time that the individual can demonstrate his
ability on the job. In the event such training is not available locally,
inquiry should be made into the possibility of the employee receiving the
required training and experience at another AMC installation or activity.

e. Emergency and security personnel will be trained and equipped
to cope with radiological hazards that may be encountered in the per form-
ance of their duties. Training will be sufficient to enable such person-
nel to function without waiting for the guidance of the radiological pro-
tection officer, or other individuals not part of their immediate group.
Such persons will be informed of the existence of situations that might
become hazardous during special or unusual circumstances.

£. A record of training will be recorded on DA Form 750 (Record
of Training) and placed in each employee's official personnel folder.

16, Personnel dosimetry. a. Dosimetry requirements contained in
this paragraph are not applicable to persons exposed while being examined
or treated for medical or dental purposes.,

15
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b. Knowledge of the radiation exposure received by personnel is
necessary to prevent future overexposure and possible injury. The Army
film badge packet described in SB 11-206 will be used as the primary
device to officially determine personnel exposure.

¢. Film vadges will be worn by each individual who 1is likely to
be exposed to radiation or radiocactive materials. This requirement applies
to visitors as well as installation or activity personnel.

d. Pocket chambers or self-reading pocket dosimeters may be used
to supplement the film badge dosimeter. Such devices are useful when worn
{n areas in which an individual is likely to receive five or more millirem
in 1 hour. In areas in which an individual is likely to receive 100 milli-
tem or more of radiation in 1 hour, personnel will wear self-reading pocket
dosimeters in addition to the film badge.

e. The type of film badge (range and type of radiation detected),
the part of the body upon which the badge is to be worn (lapel, belt,
wrist, hand, etc.) and the need for additional dosimetric devices must be
determined by taking into account the type of radiation exposures to be
experienced.

£. In the event of failure or loss of dosimetric devices, per-
sonnel exposure will be calculated or estimated from past exposure
histories, results of radiation survey, the exposures of other personnel
under similar circumstances, breath sampling, bio-assay techniques, and
whole body counting and scanning.

g. AMC personnel who may be exposed to radiation at non-Army
sites will wear film badges obtained from the radiological protection
officer of their home installation/activity. On-site film badges may be
worn in addition to the Army badges, but not as substitutes for the Army
badges. AMC personnel who may be exposed to radiation while on travel
status will furnish the radiological protection officer with a copy of any
reports of exposure received for inclusion in the DD Form 1141 (Record of
Occupational Exposure to lonizing Radiation) and the approp-iate radiacion
protection records. In the event differences between the reading of on-
site film badges and Army film badges cannot be resclved, the Army reading
will be recorded in the individual's health record.

h. Procedures will be established for the centralized issue and
control of dosimetric devices:

(1) Personnel will be instructed not to tamper with dosi-

metric devices, either physically, or by causing them to indicate readings
that are not indicative of the personnel exposure.
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(2) Facilities will be provided for the storage of dosi-
metric devices when the devices are not being worn. These storage facil-
ities should be located so that the dosimeters will not be exposed to
radiation, or excesses of heat or light. Each film badge dosimeter
storage facility will be equipped with a control badge, in accordance with
SB 11-206.

(3) Because of the possibility of being lost, or forgotten or
the possibility of recording a faulty exposure, dosimetric devices must be
stored in a designated receptacle when not being worn.

(4) Personnel on TDY will store their badges in such a
manner that they will not be exposed to radiation when not being worn.
However, personnel on TDY will wear film badges whenever they are exposed
to radiation, whether or not during normal duty hours.

17. Radiation surveys. Surveys should be made under representative
conditions. The following describes certain types of radiation surveys.

a. Initial surveys. An initial survey will be made by the
radiological protection officer of sites and areas where sources of radia-
tion will be used and/or stored before an operation involving radiation is
initiated or operational changes are approved, or upon installation of a
device which produces ionizing radiation.

b. Routine surveys.

(1) Surveys of each area in which sources of radiation are
used and/or stored shall be performed by or under the direction of the
radiological protection officer at least once e2ch month. The radiation
hazards incident to the production, use, release, disposal, or presence of
radiocactive materials or other sources of radiation will be evaluated.
Such an evaluation includes a physical survey of the location of materials
and equipment, measurements of levels of radiation and/or concentrations
of radioactive material in and around the site. Conditions of stable
storage may be exempted from monthly surveys at the discretion of the local
radiation control committee. However, the intervals of surveys of storage
areas will not exceed 3 months.

(2) The area survey will be performed using suitable in-
struments, and, when appropriate, smear and air sampling techniques. Work
habits of personnel should be observed to obtain data regarding additional
sites to be monitored or areas of improvement for the operational proce-
dures. Locations of the monitoring points with the results, statement of
the hazard, and any recommendations as to decontamination, shielding,
procedural changes, etc., will be recorded and filed.

17
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¢. In addition to the surveys in a and b above, special surveys
are required in the event of the following occurrences:

(1) Shipment or receipt of radiocactive materials. Packages
and the unlcaded vehicles must be surveyed.

(2) Termination of a project involving radiocactive materials.
A survey is required to determine that no contamination exists and that
sources of radiation are properly stored or have been disposed of properly,

(3) Unplanned events. Loss of control, spill, overexposure,
or any unplanned event which could adversely or did adversely affect the
safety of the operation must be monitored. Control must be re-established
to prevent the hazard from increasing.

(4) Hazardous operations. Particularly hazardous operations,
such as decontamination, encapsulation, or smelting of radiocactive materials,
as authorized by AEC license or DA authorization, must be continually monitored.

d. All places, equipment, persons, and animals suspected or known
to have been in contact with radicactive material will be monitored for
contamination., Personnel must be monitored before eating, smoking, chew-
ing, drinking, or leaving the area in which radioactive materials are
located.

e, Environmental monitoring. Environmental monitoring will be
performed whenev>r radiological operations are such that they might have
an adverse impact upon the surrounding environment. Ideally, such monitor-
ing should be done prior to the inception of radiological operations at an
installation and periodically thereafter. The results of such environ-
mental monitoring should be used to determine the need to modify
controls and/or operations.

18, Radiation warning signs. a. Areas, buildings, inclosures, pack-
ages, and containers will be conspicuously posted with radiation warning
signs as required by AR 385-30; AR 55-55; Title 10 of the Code of Federal
Regulations, Part 20; and Title 49 of the Code of Federal Regulations.

b. Additional instructional or precautionary information may be
posted as desired, but not substituted for the signs required in a above.

19. Construction of radiation faciii.ies. a. Selection of a radiation
facility site will include consideration of the following factors:

18
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(1) 1Impact of surrounding operations upon the proposed
facility:

(a) Radiation background.

(b) Effluents from nearby operations.
(¢) Fire and explosive hazard.

(d) Capability of ébntrolling access.

(e) Possibility of expanding the facility or of using
larger sources.

(2) 1Impact of proposed facility upon operations in surround=-
ing 'reas and in areas downwind and downscream of the proposed site: '

(a) 1Increased radiation background.

(b) Effect of effluent discharge.

(c¢) Impact of most severe plausible radiation incident.
(3) Possibility of flood or land movement.,

(4) Waste disposal. A separate piping system may be desir-
able for the disposal of 1iquid waste. :

b. A radiation facility should be a single story structure with-
out a basement, and of noncombustible construction. Floors, walls, sur-
faces, and equipment should be nonporous and easy to clean. Fire fighting
in radiation controlled areas presents problems that must be considered
before any installation of fire fighting devices. While the containment
and extinguishment of fires is desirable, the installation of fire fighting
devices must be such that will not result in the contamination of drainage
systems due to runoff; that will not result in the spread of contamination;
or increase the hazard to personnel. In many instances, "fog" and "foam"
type devices meet these requirements. Where practical, an automatic fire
alarm system, reporting directly to the fire department, should be installed.

¢. Ventilation systems must be planned carefully:

(1) Recirculation of air should not be permitted within
buildings containing radiocactive materials.

(2) Air intakes will be located to prevent the entrance of

radioactive effluent from the same or nearby buildings. into the ventila-
tion system.
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(3) Air flow will be from nonactive to "hot'" areas, through
filters, to the discharge. '"Hot'" areas should be maintained at a negative ‘:D
pressure to reduce the spread of contamination. Blowers should be posi-
tioned downstream from the filter so that the air is sucked rather than "
pushed through the filter.

(4) Hoods will be interlocked or designed to prevent reverse
flow when all of the hoods are not operating at the same time. The air-
flow rate through openings of the hood should be at least 100 linear feet
per minute. (See NBS Handbook No. 92.)

(5) Hoods, dry boxes, and traps are useful laboratory tools
for minimizing contamination. Dry boxes may not te used for storing or
handling radiocactive materials involving explosives or flammable solvents
unless aesigned to function as operational shields for the quantities of
explosives or flammables involved. -

d. Buildings in which unsealed radioactive materials are handled
should be equipped with shower and monitoring facilities. Two separate
locker rooms separated by a wash and shower room should be provided. The
one locker room is for storage of the worker's street clothing; the other,
for his work clothing.

20. Operational safety procedures. a. High radiation areas should
be interlocked to halt the irradiation upon the entry of personnel to
the area, or otherwise to alert workers of the entry of personnel into
the area during irradiation. The alarm system should be of a fail-safe ‘:}
design of such type that ir case of primary alarm circuit failure the
secondary alarm circuit is set off. High radiation areas that exist
for more than 30 days will be equipped with automatic alarms and devices
as required by Title 10, Code of Federal Regulations, Part 20. In high
radiation areas that exist for less than 30 days, appropriate protective
measures, such as close supervision to prevent unauthorized zntry and
exposure, will be taken.

b. Work areas will be designated and marked. Radiation levels
should be measured, and marked where practical.

¢. Process control devices, such as thickness gages ana moisture
gages, involving radiocactive sources, will be designed to protect the
source(s) :gainst mechanical damage and to limit the exposure of operators
and maintenance personnel to limits established for the general public.
The device will be conspicuously aud permanencly marked with a rzdiatiom
warning sign.

d. Each AMC installation or activity having radiation counting

facilities should perform surveys for smearable contamination on outdoor
surfaces.

©
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(1) Levels of radiation sufficiently high to be significant
may result from various sources, such as poor radioactive waste disposal
practices, radiation incidents, and nuclear weapons testing.

(2) 1f significant levels of radiocactive material are
deposited out of doors, this contamination, if not detected, can be
tracked into "clean" areas and sensitive "low level" laboratories.

e. Emergency exits, passageways, and doorways must be planned to
enable safe movement of personnel in the event of an emergency.

f. "Hot" drains and tanks should be planned on the assumption
that they will leak and will require maintenance. Unless criticality re-
quirements prohibit, "hot" drains should empty into hold up tanks in order
that samples can be analyzed to effect proper disposal.

g. Whenever a high radiation area is not mechanically secured
to prevent unauthorized entry, a guard will be posted.

h. Secure, centralized storage facilities will be provided for
radioactive materials not required in the immediate work areas.

i{. Before initiation of an operation or modifying an operation
Lnvolving radiation, the operating and emergency procedu:es should be prac-
ticed using a dummy source or other non-radioactive material.

j. Explosives, propellants, and excessive flammables will be ex~
cluded from areas in which radioactive materials are used or stored unless
specifically approved in a DA authorization or AEC license.

k. Personnel with open skin wounds will not be permitted to work
with unsealed radioactive material without an adequate waterproof cover-
ing on the wound and the approval of the medical officer.

1. Containers of radioactive liquids should be provided with
secondary containment.

m. Except in an emergency, anti-contamination equipment and
clothing will be worn in radiation controlled areas only.

n. Each item of equipment being released from a "hot" area to a
"clean" area will be monitored, and decontaminated if necessary, and certi-
fied by the monitor to have contamination levels below those listed in
table 1.

0. Maintenance that must be performed in a radiation controlled

area will be cleared with the radiological protection officer and area
supervisor prior to initiation.
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- p. Sealed sources will be leak tested within 5 days after receipt;
at lsast once every 6 months (alpha sources every 3 months); prior to
shipments; suspect sources will be withheld from use until leak tested; and
after any suspected or actual damage. Unless required otherwise by Army
directives, seaied sources containing less than 10 microcuries of activity
or con“aining caly natural uranium, natur2l thorium, or depleted uranium
need it be tested. Leak test results will be recorded in terms of micro-
curies.

q. The quantity of radioactive material stored within a working
area should be limited to the smallest reasonable quantity consistent with
operational requirements,

r. Anti-contamination clothing and equipment will be prescribed
by the radiological protection officer and will be marked in accordance
with ™ 3-261.

21. Disposal. a. Unwanted radicactive materials will be disposed
of in accordance with AR 755-15 (Disposal of Unwanted Radiocactive Mate-
rial). '

b. Radioactive material will not be buried on any AMC installa-
tion.

¢. Disposal of radioactive effluents (liquids or gases) into
unrestricted areas will be in accordance with Title 10, Code of Federal
Regulations, Sections 20 106 and 20.303, provided local governments do not
prohibit such disposal. Compliance with concentration levels established
in Appendix B, Title 10, Code of Federal Regulations, Part 20, will be
determined by averaging concentrations on a monthly basis instead of an
annual basis. The total quantiry of radioactive effluents discharged at
any installation will not exceed the amount authorized a single licensee
under Title 10, Code of Federal Regulations, Part 20. At installations
where more than one licensee desires to discharge radiocactive effluents,
the commander will apportion the amounts to be authorized each licensee.

d. Radioactive materials will not be burned or incinerated except
as specifically authorized by prior approval of Headquarters, AMC
(AMCAD-S).

22. Contanination levels. Maximum permissible contam’nation levels
and indicated actions are contained in tables 1, 2, and 3 below. The fol-
lowing notes and definitions will apply to the use of tables 1, 2,ard 33

a. '"None" shall be defined as the amount of activity which, in
the same counting time, gives a count which is not different from the
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background count. (See National Bureau of Standards Handbook No. 80,
Section 2.5.3, para 2.)

b. No allowance snall be made for particle size or for the use
of protective clothing or equipment for determining whether an individual
is exposed to radiocactive cconcentrations in excess of the levels specified
in this regulation.

¢. Items which cannot be decontaminated will be marked and

tagged to indicate their condition, and will be removed from use pending
further decontamination or disposal.

d. Contamination should be kept at a minimum at all times. The
publication of maximum permissible contamination levels should not be used
as a license for unwarranted relaxation of controls.

e. Abbreviations used in tables 1, 2, and 3 have the following
meaning:

dpm = disintegration per minute

cnz = square ceutimeter

MPC = Maximum Permissible Concentration. See Title 10,
Code of Federal Regulations, Part 20, and National Bureau of Standards

:;ndbook 69 for Maximum Permissible Concentrations of Radionuclides in
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Table 1. Maximum permissible contamination on inanimate objects.

CONTAMINATION LEVEL

Alpha Beta-Gamma
Item 2nd Corrective Aciion Fixed (F) or dpm/100 cm? dpm/100 cm? mrad/hr
Remnvable (R) Instrument Smear at 1 in. dpm/100 cm?
1. Personal clothing, including shoes.
Replace, decontaminate or store for F 200 0.2
decay, if above: R None None
2. Protective clothing, incl. shoes.
a. General. Should be replaced or F 1,000 0.5
decontaminated, 1f above: R 200 1,000
b. lLaundry. Do not release to public F 200 0.4
laundry, 1f above: R 50 200
¢. Respirators F 200 0.06
R None None
3. Laboratories and work areas:
a. Uncontrolled areas. Require F 200 0.25
" cortrols and posting or decontaminate, R 30 100
- if above:
. b. Controlled areas. Decontaminate, F 1,000 2.0
or if impossible, fix with periodic R 200 1,009
check on fixation,1if above:
4. Vehicles:
a. Use in controlled areas. %econ- F 1,000 2.0
taminate or if impossible, fix, R : 300 1,009
if above:
; b. Use in uncontrolled areas, Decon=- F 500 0.4
taminate,if above: R 30 500
5. Tools, equipment and containers. Prior to F 200 0.25
non-radioactive use, decon it above: R 50 100
6. Shipping containers, outside surfaces, F 500 0.25
decon {f above: R None None

$Z-S8F WOWY



Table 2. Airborne contamination levels.

Required respiratory protection

l4alf face mask with filter or
canister respirator.

Supplied air or self-contained
air supply with full face mask.

Alpha Beta
Concentration Concentration
1 MPC 1 MPC
5 MPC 10 MPC

lror operations under the control of an AEC license, specific approval of
the AEC must be obtained before making any allowance for use of respira-

tory equipment,

Table 3. Maximum permissible personnel contamination.

Area and action

Alpha oY Beta-Gamma

l. Skin. Contact medical officer

if contaminated on face or over
major area of the body. Continue

decontamination, if above:

2. Hands. Continue decontamination,

if above:

Any detectable level above
background.

Any detectable level above
background.
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23. Personnel decontamination. a. Thorough washing with non-
abrasive zoap and lukewarm water is the best general method of decon-
tamination of the hands and other parts of the body regardless of the
contaminant., If the contaminant is localized, it is often more prac-
tical to mask off the affected area and cleanse with swabs, rather than
risk the danger of spreading the contaminant by general washing., Or-
ganic solvents must be avoided as decontamination azgentis because they
may increase the probability of the radicactive matarials entering the
body through skin absorption. Special attention must be given to the
areas between the fingers ard around the nails. The outer edges of
the hands are readily contaminated and often neglected in the washing.

b. After repeated washings, the skin may tend to chap. To avoid
this, apply lanolin or hand cream and then continue to wash. If repeated
washing with soap and water is unsuccessful in decontamination, the indi-
vidual should be referred to the local mecical officer for application of
the more drastic chemical decoatamination procedures listed in the National
Bureau of Standards Handbook No. 48.

c. If it is suspected that any person, by inhalation, ingestion,
or by any other manner, has introduced radiocactive materials into his
body, the local medical officer will be notified immediately so that medi-
cal procedures can be initiated to facilitate the elimination of such
material. Contamination over a large area of his body or his face
will be the basis for suspecting that the person i{s internally con-
taminated.

d. In the event an individual is contam.nated on a large portion
of his body, the following decontamination procedure is recommended:

(1) Place the individual under a lukewarm shower.

(2) Using a mild toilet soap, individual will cover his
entire body with lather.

(3) While still covered with lather, the individual will
step out of the shower. An assistant will then cover the individual with
a heavy coat of mild soap flakes. (The purpose of the lather is to cause
the soap flakes to adhere to the person.) =

(4) Using his hands, the contaminated individual will rub
the soap flakes on his body into a paste.

(5) Individual will then return to shower and attempt to
rinse off the scap by starting at the top and working his way dowr. (Note.
It will be necessary for the individual to rub body surfaces with his hands
while rinsing, in order to remove soap paste.) Soap paste will remain in
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those areas that have not been thoroughly rinsed. Although a soft cleth
may be used, a brush may not. Particular attention should be given the
hairy portions of the body.

(6) When the individual has rinsed himself to the point that
he no longer feels slimy and while still under the shower, he will be ex-
amined by an assistan* for traces of soap. The presence of soap will
indicate which areas of the body have not been decontaminated.

(7) After removing all traces of soap, the individual will
leave the shower and dry himself.

(8) After drying off, the individual will be monitored. If
the individual is still contaminated, procedures outlined above will be
repeated,

d. In all cases of personnel contamination, the radiological
protection officer will be consulted.

e. All water used in the washing and rinsing described above
will be contaminated and its disposal should be conditioned by this fact.

24, Equipment and area decontamination. a. General methods.

" (1) Care must be taken during the decontamination process to
avoid further spread of the contaminant which can be accomplished by:

(a) Always taking precautions to contain the contamina-
tion by the use of monitoring, protective clothing, and shoe covers.

(b) Always working from the areas of least contamina-
tion toward the area(s) of the heaviest contamination.

(¢) Using a minimum amount of decontamination liquids
and being aware that the runoff solutions, mops, rags, and brushes will
all be contaminated.

{2) The methods listed below should be tried in the follow-
ing sequence:

(a) Damp mopping. The area is wiped with a damp rag.
The wiping surface of the rag is changed repeatedly to minimize spreading
of the contaminant,

(b) Water and detergent. The area is wetted with a
minimum amount of detergent solution. The area is then wiped dry with
absorbent gauze or cloth.
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(c) Steam cleaning.

(d) Cleaning with solvents other than water.

(e) Surface removal by use of chemicals, abrasives, sand
blasting, grinding, etc.

(3) Vacuum cleanaers. Only vacuum cleaners which are equipped
with absolute filters and which have been tested for filtration efficiency
may be used. The filtration efficiency will be tested after each replace-
ment of the filter and each time contents are emptied.

b. Specific methods. If the above methods (a above) do not work,
the following specific methods may be tried:

(1) Metals.

(a) Remove any oil from the surface with organic
solvents.

(b) Soak in a solution of citric acid prepared by addi-
tion of one pound of citric acid to one gallon of water.:

(c) Soak in a solution of diluted hydrochloric acid
prepared by carefully adding one part of commercial grade concentrated
hydrochloric acid to four parts of water. Hydrochloric acid should not be
used on stainless steel because of the etching which will take place and
destroy the smooth surface of the metal.

(d) Use metal polish.

(2) Plastics. Clean with ammonium citrate, dilute acids, or
erganic solvents (of a type not injurious to the plastics).

(3) Glass and porcelain. Clean with detergent solution. If
this method fails, scak in concentrated nitric acid or chromic acid cleaning
solution.

(4) Painted surfaces. Use paint remover, or, in cases where
surfaces were coated with a strippable paint, peel the paint from surface.

(5) Rubber, including respirators and gas masks. Wash with
detergent and water or with a warm 20 per cent (by weight) water solution
of sodium citrate.

c¢. Decontamination of clothing.
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(1) Determine extent of contamination using an AN/PDR-27, or
equivalent, with the beta shield removed, and with the AN/PDR-60, or
equivalent.

(2) Wash in special laundry facility (home type or other
washer and dryer kept in the facility for washing "hot" clothing only).
Use the following steps:

(a) Soak overnight in water solution of laundry
detergent.

(b) Drain.

(¢) Wash for full cycle with hot water and laundry
detergent.

(d) Rinse, dry and remonitor.

(3) Water utilized for washing, rinsing or soaking contami=-
nated clothing will be contaminated as a result of such usage and its
disposal should be conditioned by this fact. Laundry equipment may be-
come contaminated also.

d. Monitoring technique. Check crevices and inside corners of
areas, tools, and equipment. Special attention should be giveu to oily and
greasy surfaces such as those on au*omotive equipment.

25, Storage of radicactive materials. a. Areas will be set aside
for the secure storage of radiocactive materials. These areas will be
uted to store only radiocactive materials. The storage area will be free
from the danger of flooding and outside the danger radius of flammables
or explosives. Physical security standards for storing radiocactive mate-
rials are contained in appendix A, AMCR 190-3.

b. Each storage and shipping container will be marked as required
by AR 55-55 and AR 385-30, whether or not the radioactive materizl is under
the license control of the AEC. Laboratory containers such as flasks and
test tubes need not be marked as long as the user is continuously present.

¢. Radioisotopes will not be stored in glass containers unless
secondary containment is provided.

d. Radioisotopes should not be transferred from one storage con-
tainer to another within the storage area. A system will be provided to
control and record the '"check in'" and "check out'" and monitoring of radio-
active materials.
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e. Storage areas will be adequately ventilated cs determined by
the RPO if gaseous sources are being stored.

f. All sources and containers will be labeled. The areas will
be monitored periodically to assure adequate shielding and to detect any
contamination.

g. Dose rates of a shipping container should not exceed 20C
mrem/hr at the surface nor 10 mrem/hr at 3 feet from any surface of
the container.

h. Operating officials will keep a current record of all stored
radioactive material, and a copy of this record will be forwarded to the
RPO. The RPO will conduct a physical inventory every 6 months.

26. On-post transportation of radioactive materials. Within an in-
stallation, it is usually not convenient to package and transport radio-
active materials in the manner required fcr off-post shipments. However,
the following precautions will be observed:

a. In loading the vehicles:
(1) Keep within the weight limitations.

(2) Limit or arrange cargo to keep radiation levels, to
which personnel (including the driver) will be exposed during transporta-
tion, as low as possible. Maximum permissible dose rate in occupied areas
of the vehicle will depend upon the time required to transport the mate-
rial. The driver will wear a film badge and will not be exposed to
ionizing radiation in excess of the limits indicated in paragraph 12a.

(3) Keep the containers away from the cab of the vehicle.

b. Do not haul loose radiocactive materials. Tail gates should
be closed to minimize the chance of cargo loss.

¢. Containers should be sturdily constructed, sealed air-tight,
and be free of removable contamination. Each container must have a com-
pleted DA Label 15 (Caution: Radioactive Materials) unless specifically
exempt by military specification M-19590C.

d. The route used should be planned to avoid areas in which ex-
plosives are stored or handled and in which there is heavy traffic ov per-
sonnel activity. The fire department, guard force,and safety diractor
should be informed of the exact route and time of movemént in sufficient
time to allow implementation of any special protective measures required.
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e. A suitable vehicle should be used. Vehicles that are dif-
ficult to decontaminate, and privately-owned automcbiles should not be
used.

f. Unless emergency personnel (guard force and fire department)
have demonstrated a capability to cope with a radiological emergency, a
technically trained person should accompany the movement to be able to
advise in the event of an emergency.

2). Off-post transportation of radicactive materials. a. Radio-
active material will be transported in accordance with AR 55-55 and
applicable Federal and State regulations.

b. Radiocactive material should not be forwarded through the U.S.
mail channels except in an emergency. Should transmission by mail be
necessary, shipment will comply with Part 125.24, U.S. Postal Manual, and
will be registered.

¢. Containers should be secured by blocking or tie down, when
appropriate.

d. Materials shipped will be properly addressed to insure
delivery to the proper installation and section within the installation.

e. Personnel who will transport and/or escort radiocactive ship-
ments will be briefed as to potential hazards, methods to minimize hazards
and emergency procedures. In addition to the briefing, personnel engaged
to transport the radioactive material will be given a completed DD Form 836
(Special Instructions for Motor Vehicle Drivers) supplemented with written
emergency procedures, Written information will be provided as to the means
for obtaining assistance of radiological emergency teams off-post.

f£. Consignees will be notified in advance of impending shipments
in order that consignees may assure that they have the capability to re-
ceive and handle the materials being shipped.

28, On-site command of ew:rgency during transportation. The ranking
person accompanving the shipment will take immediate steps to clear the
area and reqeegt assistance. He retains command at the accident site
pending the airi!val of the commander of the nearest military installation
or his repr-sentative. The designatad Army area representative assumes
responsibility upon his arrival.

29. Radiac instrumentation. a. Sufficient radiac instruments will
be avaiiable to properly support the use of radiation sources. The
instruments will be capable of detecting the types and levels of radiation
involved and any possible resulting contamination.
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b. Personnel monitoring devices will be immediately available
in areas in which radiocactive materials are handled.

c. All instruments used for radiation protection will be cali-
brated at least every 3 months, and after each maintenance or battery
change. More frequent calibration will be necessary for instruments which
receive heavy use. Dosimeters need to be calibrated only at 6-month
intervals. Dose rate instruments used to determine time of stay and expo-
sure estimates should be calibrated at a minimum of two points on each
{nstrument scale. The instruments will be labeled with DA Label 80 (U.S.
Army Calibration System) to show the date of the last calibration, source
or method used for calibration, and the initials of the calibrater.

d. Faulty instruments will be tagged with DA Form 2417 (Unservice-
able Test Instrument or Standard) to prevent their being used before having
been repaired.

e. Each instrument used for radiation protection should be pro-
vided with a check source or test sample.

f. Pocket dosimeters should be calibrated every 6 months. At
the time of calibration, the correction factor for the dosimeter should
be determined. Dosimeters which leak more than 5 percent of full scale
after 24 hours in a radiation free area or which have an error of more
than 10 percent should be repaired. Dosim=ters should be celibrated by
exposing them to known sources of an energy level comparable to that which
the dosimeter will be exposed during use. Each dosimeter will bear a
label showing the correction factor and the date of calibration. The cor-
rection factor is determined by dividing the actual level of radiation
by the indicated level.

g. Dosimeters are used "o give thé wearer an estimate of his
exposure while receiving the dose, in order that he may limit himself to
permissible levels. Disagreement between dosimeter and film badge measure-
ments is to be expected. The film badge reading will be used as the offi-
cial dose for record purposes unless the badge is proven to have recorded
an incorrect exposure.

h. Instrumentation must be selected based on the type and level
of radioactive material and/or radiation to be encountered. In high radia-
tion areas, tt is desirable to have a high-range survey meter in addition
to a low-range meter, in order to cover the range of dose rates likely to
be encountered.

i{. 1f funds permit, duplicate radiation protection instruments
should be available. The duplicate instruments will avoid the necessity
of shutting down a radiological operation until an instrument can be re-
paired or replaced.
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30. Emergency procedures. a. In view of the complicating factors
that may arise in an emergency, it is impossible tc establish simple
rules of procedure to cover all situations of a radiation emergency.
However, in any emergency, the primary concern must always be the protec-
tion of personnel from radiation hazards. Confinement of the contamina-
tion to the immediate environment of the accident should be a secondary
concern. Copies of the investigation report, relative to exposures
received by the personnel involved, will be given to each individual in-
volved in that emergency.

b. Emergencies will probably be of the following types:
(1) Spill of radioactive material.
(2) Explosion.
(3) Fire.
(4) uverexposure.
(5) Injury to personnel.
(6) Loss of radiocactive source.
(7) Vehicular accident involving radicactive material.

¢. The medical officer of each AMC element having radiation
sources shall establish written medical procedures for radiation casualties.

d. Emergency procedures will be preplanned and rehearsed at least
once each year. In the event of an emergency, the following action will be
taken:

(1) Spills or uncontrolled spread of contamination.

(a) Notify all persons not involved with the spill to
vacate the area at once.

(b) If the spill is liquid and the hands and clothing
are protected, right the container and take steps to contain the spillage.

(¢) 1If the spill is on the skin, flush thoroughly.

(d) 1If the spill is on the clothing, discard outer or
protective clothing at once.

(e) Notify the local radiological protection officer.
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(f) Decontaminate personnel.
(g) Decountaminate the area.

(h) Monitor all persons involved in the spill and clean-
ing operation to determine adequacy cf decontamination.

(i) Permit no person to resume work in the area until an
area survey is made and the area is cleared by the radiological protection
officer.

(j) Prepare a complete history of the iucident and decon-
tamination operation related thereto for the facility or area records. The
history will include a statement of the corrective actions taken to prevent
a recurrence. Forward within 2 weeks of the accident, an information
copy to the Commanding General, AMC, ATIN: AMCAD-S.

(2) Accidents involving radioactive dusts, mists, fumes,

organic vapors, and gases.

(a) Notify all personnel not directly involved with the
incident to vacate the area immediately.

(b) Hold breath, and switch off any air circulating
devices; e.g., fans, air conditioners, blowers, etc.

(¢) Vacate the area to a predesignated region, and allow
no person to leave until monitored.

(d) Close and seal all entrances into the area and post
conspicuous warning signs or guards to prevent doors from being opened ac-
cidentally.

(e) Notify the RPO.

(f) Immediately report all known or suspected inhala-
tions of radioactive materials to the local RPO and the medical officer.

(g) Evaluat: the hazards and the safety devices required

for safe re-entry and apply che 'two man rule."

(h) Determine cause of contamination and rectify the con-
dition.

(i) Decontaminate the area.
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(J) Perform an area survey fincluding air sampling) of
the area before resuming normal operations.

(k) Monitor all persons suspected of contamination.

(1) Prepare a complete history of the accident and
subsequent activity related thereto for the facility records. Forward,
within 2 weeks of the incident, an information copy to the Commanding
General, AMC, ATTN: AMCAD-S.

(3) Injuries to personzel involving radiation.

(a) Wash minor wounds fumediately under running water
while spreading the edges of the wound.

(b) Contaminated personnel who are injured In any
radiological accident involving injured personmnel, the local medical offi-
cer will be notified immediately. Unless an emergency medical reason re-
quires that the injured person be removed immediately, the injured person
will not be transported until a litter or ambulance is available. 1If,
however, other emergencies exist (e.g., fire or possible explosion), good
common judgment should be used. Moving of the patient may become impera-
tive.

(¢) Personnel with minor wounds will be monitored and
decontaminated, if necessary, before leaving the radiation facility. 1If
the wounds are of a serious nature, the injured individual will be wrapped
{n a blanket to prevent the further spread of contaminationm, and immediately
be removed to the nearest medical facility. Persons accompanying the in-
dividual will warn the medical personnel that there is a possibility that
the injured is contaminated.

(d) Report all radiation accidents (overexposure, wounds,
ingestion, inhalation) to the personnel involved, to the medical officer,
and to the RPO,

(e) Permit no person involved in radiation injury to
return to work without the approval of the attending physician and the
RPO,

(f) Prepare a complete history of the accident and
subsequent activity related thereto for the radiation facility records.
The history will include a statement of the corrective actions taken to
prevent a recurrence. Forward, within 2 weeks of the occurrence, an in-
formation copy to the Commanding General, AMC, ATTN: AMCAD-S.
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(4) Fires and other major emergencies.

(a) Notify all persons not directly involved with the
incident who are in the area.

(b) Notify the fire department and other emergency per-
sonnel,

(c) Attempt extinguishment of fires using readily
available first-aid type extinguishers if a radiation hazard is not im-
mediately present. Efforts should be made to prevent water or fire fight-
ing chemical from coming in contact with the radiation source. Attempt to
control runoff, preventing it from entering sewers or drainage systems
until it has been monitored.

(d) Notify the RPO,

(e) The RPO will advise and assist the emergency per-
sonnel,

(f) Following the emergency, monitor the area and
determine the protective devices necessary for safe decontamination,

(g) Decontaminate.

- (h) Monitor all persons who were in the emergency area
and those who were involved in combating the emergency.

(1) Monitor downwind, delineate all contaminated areas,
and restrict access as necessary.

31. Additional requirements. The above reporting requirements are in
addition to the requirements of AR 385-40; AMCR 385-2; AMCR 385-3; and in
addition to Title 10, Code of Federal Regulations, Sections 20.401, .402
and ,403, when AEC-licensed material is involved. Information copies of
reports to the AEC will be forwarded (AMCR 385-9) immediately, through
channels, to the Commanding General, AMC, ATTN: AMCAD-S. '

32, Key emergency personnel. Key emergency personnel, such as Provost
Marshal, Fire Chief, Medical Officer, and Safety Officer will be kept
currently informed of the receipt, storage, use, disposal, or transfer of
radiation sources and will be sufficiently trained and equipped to cope
with radiolcgical emergencies independent of the presence of the RPO,
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33. Records. Records will be maintained to document all aspects of
the radiation protection effort. Included are:

a. Licenses, authorizations, and supporting applications.

b. Receipts, transfers and shipment records, notification of
movement, and instructions to drivers.

¢. Inventory and leak test records.

d. Instrument and source calibration records and certificates.

e, Utilization logs and radiation work permits.

f. Radiation survey records which include description of each
use, operation or work performed; radiation levels and personnel exposure
rates encountered; airborne and smearable contamination detected; hazards
and corrective .ction, estimated personnel exposure; and disposition of
radiation sources.

8. Environmental monitoring records.

h. Waste disposal records.

i. Records of training, plans of instruction, experience and
certification of radiation workers.

j. Standing operating procedures.

k. Records of special studies, investigations.

1. Copies »f reports originated and received.

m. Inspection reports and related papers.

n. Radiation analysis files.

0. Minutes of committee meetings.

P. Directives and interpretation of regulations,

q. Personnel occupational exposure records. AR 40-14 requires
the custodian of the medical records to prepare and maintain DD Form 1141
for each person occupationally exposed to ionizing radiation., For ad-
ministrative control purposes, it is recommended that the Radiological
Protection Officer maintain forms AEC-4 and AEC-5 also, where AEC licenses
are involved. These forms are available at the U.S. Atomic Energy Com-

mission, Division of Materials Licensing, Washington, D.C, 20545, and may
be reproduced locally.
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Appendix A

GLOSSARY OF RADIATION SAFETY TERMS

APPKOVAL. Official certification of compliance with the provisions of
this regulation and with instructions and directives as issued by
Headquarters, AMC, or with those of other approving agencies specifically
referred to in this regulation.

BACKGROUND RADIATION. Radiation arising from radiocactive material other
than the one directly under consideration. Background radiation due to
cosmic rays and natural radioactivity is always present. There may also
be background radiation due to the presence of radiocactive substances in
other parts of the building, in the building material itself, etc.

CONTAMINATION (RADIOACTIVE). Deposition of radioactive material in any

place where it is not desired, and particularly in any place where its
presence can be harmful. The harm may be in invalidating an experiment
or a procedure, or in actually being a source of danger to persouns.

CURIE. A unit of activity defined as the quantity of any radioactixa
nuclide in which the number of disintegrations per second is 3.700 X 10

- millicurie = One-thousandth of a curie (3.700 X 107 dis~
integrations per second).

- microcurie - One-millionth of a curie (3.700 X 104 dis~-
integrations per second).

DOSE.

1. Absorbed Dose. When ionizing radiation passes through matter,
some of its energy is imparted to the matter. The amount absorbed per unit
mass of irradiated material at the place of interest is called the absorbed
dose and is measured in rads, where

1 rad = 100 erg/gm = 1/100 joule/kg.

The rad unit is applicable tc any type of ionizing radiation, but in report-
ing dose, the type, as well as irradiated material (for instance, tissue),
and the place of interest must be specified. Without the above three
factors, a statement of absorbed dose received is incomplete and probably
useless, since the same dose of different kinds of radiation, even delivered
to the same place, can produce entirely different effects.
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i 2. Exposure Dose. See EXPOSURE

3. Biological Dose. The radiation dose absorbed in biological mate-
rial. It is measured in rems.

DOSE EQUIVALENT. The term "RBE" dose has been used in the past in both
radiobiology and radiation safety. It is now recommended that the term

RBE be used in radiobiology only and that another term be used for purposes
of radiation safety. The linear-energy-transfer factor is multiplied by
the absorbed dose, Da, to obtain a quantity that expresses on a common
scale the irradiation received by persons exposed to all ionizing radia-
tions. The name recommended for the linear-energy-transfer-dependent factor
is quality factor, QF. Other factors must also be considered for the pur=-
poses of radiation safety. A distribution factor, DF, is used to express
the modification of the biological effect of radiation due to a nonuniform
distribution of isotopes in the body. The distribution factor, like the

(j) quality factor, also affects the absorbed dose when radiation safety is

-

being considered. It is recommended by the International Commission on
Radiological Units and Measurements that the final calculated dose
received by an individual after the absorbed dose is modified by the
above-mentioned factors, plus any other factors that may effect the incom-
ing radiation, be called the dose equivalent, DE. If the only apparent
modifying factors are QF and DF, then:

DE = Dy (QF) (DF).

- -

: If other factors must be considered and are defined, then:

DE = Dg (QF)(DF)......

where the dots take into account the product of these other factors. The
unit of dose equivalent, DE is the rem. The unit of absorbed dose, D5, is

:) the rad. (Compare definitions of Rem and Rad.) Although the above defini-
tion of dose equivalent does not cover a number of theoretical aspects (in
particular the physical dimensions of some of the quantities) it fulfills
the immediate requirement for an unequivocal specification of a scale that
may be used for numerical expression in radiation safety.

EXPOSURE. The term "Exposure Dose" is obsolete. Exposure is a term
adopted by the International Commission on Radiological Units and Measure=-
ments in 1962 to replace the term "exposure dose' introduced in their 1956
report. The quantity is used for X- and gamma radiation. Exposure is the
measure at a certain place of radiation which has the ability to produce
ionization, The unit of exposure is the roentgen, R, where 1R equals

2.58 X 1074 coulombs/kilogram. The definition thus corresponds to the
terms roentgen dose and air dose.
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EXPOSURE, OCCUPATIONAL. Exposure to ionizing radiation that is incurred as
a result of an individual's employment or duties which are in support of
facilities which use materials or machinery capable of producing ionizing
radiation. Exposure of an individual to ionizing radiation for medical or
dental diagnosis or therapy shall not be deemed as occupational exposure.

FAIL-SAFE. A design characteristic of the hardware, component or system
which, in the event of a malfunction, will not result in a degradation of
safety.

FILM BADGE. A pack of appropriate photographic film and filters used to
determine radiation exposure.

HAZARD, RADIATION. See RADIATION HAZARD.

INTERLOCK. A device, usually electrical and/or mechanical in nature, to
prevent activation of a control until a preliminary condition has been met
or to prevent hazardous operations. Its purpose usually is safety of per-
sonnel or equipment. For example, it may be used to warn responsible per-
sonnel of an unsafe condition or unauthorized entry of personnel.

JONIZING RADIATION. See RADIATION.

LEAK TEST. A determination of the integrity of a sealed source encapsula-
tion by detection of leakage or escape of radioactive contamination.

NUCLEAR REACTOR SYSTEM. Any equipment or device, except a nuclear weaponm,
capable of neutron multiplication through fission of special nuclear mate-
rial. This definition includes nuclear reactors and subcritical assemblies
of special nuclear material and the supporting equipment or device (if any)
associated with them.

RAD. The rad is defined as the unit of absorbed dose of any nuclear (or

ionizing) radiation which is accompanied by the liberation of 100 ergs of
energy per gram of absorbing material. Or, one rad is approximately equal
to absorbed dose delivered when soft tissue is exposed to one roentgen of

medium voltage X-radiation. The rad is to be used solely with absorbed dose.

1 rad = 100 erg/gram = 1/100 joule/kg.

RADIATION. Energy propagated through space. As used in this regulation,
the term refers to two kinds of ionizing radiation:

1. Electromagnetic waves (X-rays, gamma rays), and

2. Corpuscular emissions from radioactive substances or other sources
(alpha and beta particles, etc.). Ionizing radiation is ‘any electromagnetic
or particulate radiation capable of producing iouns, directly or indirectly,
in its passage through matter.
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RADIATION CONTROLLED AREAS. Any area, whose access or occupancy is con-
trolled for the purpose of protection of individuals from exposure to
ionizing radiation and radioactive materials.

RADIATION CONTROL COMMITTEE. A group of persons appointed by the commander
to advise him on policy and actions necessary to ensure safety of person-
nel and property from hazards of radiation. Synonymous with "Isotope
Committee," "Radiological Health and Safety Committee," "Radiation Protec-
tion Committee," and other similar titles of committees with the same

purpose

RADIATION HAZARD. A condition under which persons might receive radiation
in excess of the applicable maximum permissible dose, or where radiation
damage might be caused tc materials or personnel.

RADIATION SOURCES. Materials, equipment or devices which generate or are
capable of generating ionizing radiation, including: (1) naturally
occurring radioactive materials, (2) by-product materials, (3) source
materials, (4) special nuclear materials, (5) fission products, (6) mate-
rials containing induced or deposited radioactivity, (7) nuclear reactors,
(8) radiographic and fluoroscopic equipment, (9) particle generators and
accelerators, and (10) radio frequency generators such as klystrons and
magnetrons which produce X-rays.

RADIATION WORKER., Any person occupationally exposed to ionizing radiation
and/or radbactive materials. (Job descriptions of radiation workers should
reflect that the individual is potentially exposed to ionizing radiation.)

RADIOACTIVE MATERIAL. Any substance which undergoes spontaneous disinte-
gration in which energy is liberated, generally resulting in the formation
of new nuclides (a species of atom characterized by the constitution of its
nucleus). The process is accompanied by the emission of one or more types
of ionizing radiation. Included are materials possessing artificial, in-
duced and natural radioactivity.

1. By-product materials. Any radiocactive material (except special
nuclear material) yielded in or made radioactive by exposure to radiation
incident to the process of producing or utilizing special nuclear material.

2. Source material. Uranium or thorium or a combination thereof, in
any physical or chemical form or ores which contain by weight, one-twentieth
of one per cent (0.05 per cent) or more of uranium, thorium or any combina-
tion thereof. Source material does not include special nuclear material.

3. Special nuclear material. Plutonium, uranium 233, uranium en-
riched in the isotope 233 or in the isotope 233, or any other material which
the U. S. Atomic Energy Commission pursuant to the provisions ot section 51
of the Atomic Energy Act of 1954, 42 USC section 2071, determines to be
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special nuclear materials, but does not include source material; or any
material artifically enriched by any of the foregoing but does not in-

clude source material.

4. Naturally occurring radioactive material. Substances which are
radioactive in the natural state, such as radium and thorium and cheir
decay products, except those defined as source and special nuclear mate-

rial.

RADIOLOGICAL PROTECTION OFFICER. An individual designated by the commander
to provide consultation and on the degree of hazards associated with

ifonizing radiation and the 2ffectiveness of measures to control these haz-

“ards. This individual shall be technically qualified by virtue of educa-

tion, military training, and/or professional experience to assure a capa-
bility commensurate with the assignment. The t2rm "Radiological Protec-

tion Officer" is a functional title and is not intended to denote a com-

missioned status or job classification within the Armed Forces.

RBE. (Relative Biological Effectiveness.) The RBE of a given radiation is
defined as the ratio of the absorbed dose in rads of gamma radiation (of a
specific energy) to the absorbed dose in rads of the given radiation hav-
ing the same biological effect. (See Dose Equivalent.)

REM (Roentgen Equivalent Mammal). One rem is the quantity of ionizing
radiation of any type which, when absorbed by man or other mammal produces
a physiological effect equivalent to that produced by the absorption of
one roentgen of X-ray or gamma radiation. Dose in rers equals RBE times
dose in rads. The rem provides an indication of the extent of biological
injury (of a given type) that would result from the absorption of nuclear
radiation. Thus, the rem is a dose unit of biological effect, whereas the
rad is a unit of absorbed energy dose, and the roentgen (for X-ray and
gamma rays only) is ore of exposure. The rem can also be defined as the
unit of dose equivalent. The dose equivalent is numerically equal to the
dose in rads, multiplied by the appropriate modifying factors.

ROENTGEN. The quantit; of gamma or X-radiation which will giverise to the
formation of 2.08 X 10° ion pairs per cubic centimeter of dry air, STP
(0°C, 1 atm). This is equivalent to the release of 87.7 ergs of emergy
when one gram of dry air under STP conditions is exposed to one roentgen
of radiation. The roentgen is to be used solely as the unit for exposure.

1R = 2.58 X 10°% coulombs/kg.

SEALED SOURCE. Radioactive material that is encased in and is to be used
in a container in a manner to prevent leakage or escape of the radiocactive

material.
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UNSEALED SOURCE. A discrete amount of radioactive material that is not

encapsulated in a container to prevent leakage or escape of the radiocactive
material.

USER. The activity, secticn, division or other organizational unit which

has been assigned responsibility for the use, handling, operation or storage
of radiation sources.
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Appendix B
RECOMMENDED DOCUMENTS FOR A REFERENCE LIBRARY o
1. Army regulations. AR's 40-4, 40-5, 40-14, 40-37, 40-501, 35-355,

55-355, 385-10, 385-12, 385-30, 385-32, 385-40, 385-80, 700-25, 700-52,
700-63, 700-64, and 755-15.

2. AMC regulations. AMCR's 190-3, 385-1, 385-3, 385-7, 385-9, 385-13,
and 385-15.

3. Field manual. FM 3-15.

4. Table of allowances. TA 50-914,

5. Supply bulletin. SB 11-206, 5

6. Technical bulletins. TB's CML 52, CML 53, CML 63, 3-6665-200-12,
(:) 3-6665-201-12, 3-6665-202-12, 3-6665-203-12, 3-6665-204-12, MED 62, MED 223,
MED 232, MED 249, SIG 226-8, SIG 226-9, TC 7, and 5-6600-227-15/1.

7. Technical manuals. TM's 3-220, 3-260, 3-261, 3-6665-214-15,
11-5514, 11-5514A, 11-5543, 11-6665-204-12, 11-6665-206-12,
11-6665-208-15, 11-6665-209-15, 11-6665-216-15. 11-6665-221-15,
11-6665-224-15, 38-250, 38-750, 39-20-3, 39-20-6, 39-35-15, 39-N-11.

8. Military standards and specifications.! e
a. MIL-STD-129 Marking for Shipment and Storage .
b. MIL-M-3935A Markers, Self-Luminous.
c. MIL-C-10436 Compasses, Lensatic, Luminous Dial.
(‘) d. MIL-M-19%90 Marking of Commodities and Containers to

- Indicate Radioactive Material,
e, MIL-STD-450 Radiation Hazard Symbol Contaminated Areas.
9. Miscellaneous. a. DOD 4160.21-M, Defense Disposal Manual.
b. Title 10, Code of Federal Regulations. Atomic Energy.z
c. Title 14, Part 49 of Code of Federal Regulations.z
d. Title 46, Part 146 of Code of Federal Regulationsg

e. Title 49, Parts 171 through 178 of Code of Federal Regulations.Z? 3

f. U.S: Postal Manual, Chapter 1, Sections 124.24 and 125.24.%
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Rndtologifal Health Handbook, U.s. Department of Health,

Education and Welfare.

0. U.8,
books.

48 -

49 -

51 -
53 -
35 -

57 -
58 -
59 -
63 -

65 -

66 -

69 -

72 -

73 -
75 -

76 -

78 -

80 -

Department of Commerce, National Bureau of Standards Hand-

Control and Removal of Radioactive Contamination in Labora-
tories.

Recommendations for Waste Disposal of Phosphorus 32 and
Iodine 131 for Medical Users.

Radiological Monitoring Methods and Instruments.
Recommendations for the Disposal for Carbon-14.

Protection Against Betatron-Synchrotron Radiations up to 100
Million Electron Volts.

Photographic Dosimetry of X- and Gamma Rays.
Radiocactive Waste Disposal in the Ocean.
Permissible Dose for External Svurces of lonizing Radiation.

Protection Against Neutron Radiation up to 30 Million
Electron Volts.

Safe Handling of Bodies Containing Radiocactive Isotopes.
Safe Design and Use of Industrial Beta-Ray Sources.

Maximum Permissible Body Burdens and Maximum Permissible
Concentrations of Radionuclides in Air and in Water for

Occupational Exposure.

Measurement of Neutron Flux and Spectra for Physical and
Biological Applications.

Protection Against Radiation from Sealed Gamma Sources.

Measurement of Absorbed Doses of Neutrons and of Mixtures
of Neutrons and Gamma Rays.

Medical X-ray Protection up to 3 Million Volts.

Report of International Commission on Radiological Units.
and Measurements

A Manual of Radiocactivity Procedures.

48:: footnotes on pPage 47.
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84 - Radiation Quantities and Units (ICRU Report 1Ca).

85 - Physical Aspects of Irradiation (ICRU Report 10b).

86 - Radioactivity (ICRU Report 10c).

87 - Clinical Dosimetry (ICRU Rerort 10d).

88 - Radiobiological Dosimetry (ICRU Report 10e).

89 - Methods of Evaluating Radiological Equipment and Materials
(ICRU Report 10f).

92 - Sace Handling of Radicactive Materials.

93 - Safety Standard for Non-Medical X-ray and Sealed Gamma Ray

Sources:

11, Federal Radiation Council Reports

Zart 1.

General .

4

No. 1 - Background Material for the Development of Radiation
Protection Standards.

No. 2 - Background Material for the Development of Radiation
Protec*~ion Standards.

12. International Atomic Energy Agency Regulations?

Safety Series

Safety Series

Safety Series

Safety Series

Safety Series

Safety Series

Safety Series

No.

No.

No.

No.

No.

1

2

Safe Handling of Radioisotopes.

Safe Handling of Radioisotopes: Health
Physics Addendum.

Safe Handling of Radioisotopes: Medical
Addendum,

Safe Operation of Critical Assemblies and
Research Reactors,

Regulations for the Safe Transport of Radio-
active Materials.

Regulations for the Safe Transport of Radio-
active Materials., Notes on Certain Aspects
of the Regulations,

The Use of Film Badges for Personnel
Monitoring .

4 Ssee footnotes on page 47.
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Safety Series No. 9 - Basic Safety Standards for Radiation Pro-
tection.

Review Series No. 12 - The Packaging, Transport and Related Hand-
ling of Radioca‘ tive Materials.

Review Series No. 18 - Processing of Radioactive Wastes.

13. National Fire Protection Association Publications®

Fire Protection Handbook, 12th Edition, 1962.

National Fire Codes -
Pamphlet 801, Laboratories Handling Radioactive Material, 1955.
Pamphiet 802, Nuclear Reactors, 1960.

14, USA Standards Institute Publications’

ASA N6,1 - Safety Standard for Operations with Fissionable
Materials Outside Reactors, 1964.

ASA N5.2 - Design Guide for a Radioisotope Laboratory (Type B),
1963 .

1M111tary standards and specifications are available from the Commanding
Officer, U.S. Naval Supply Depot (NSD 103), 580l Tabor Avenue, Philadelphia,
Pennsylvania 19120.

2Cop1es of the Code of Federal Regulations are normally available from the
Post Judge Advocate. Copies can be purchased from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C.

3The Interstate Commerce Commission regulations are also published as
"Agent TC George's Tariff No. 19", available from the Bureau of Explosives
of the American Association of Railroads, 30 Vesey Street, New York,

New York. Installation Transportation Officers usually have copies of
George's Tariff No. 19.

4available from Superintendent of Documents, U.S. Government Printing
Office, Washington, D.C.

Savailable from National Agency for Internationmal Publications, Inc.,
801 Third Avenue, New York, New York 10022

6Available from National Fire Protection Association, 60 Batterymarch
Street, Boston, Massachusetts 02110,

7Available from USA Standards Institute, 70 East 45th Street, New York,
New York 10017.
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DEPARTMENT OF TEE ARMY
HARRY DIAMOND LABORATORIES
2800 Powder Mill Rd., Adelphi, MD 20783

HDL MEMORANDUM 24 March 1990
“- 365’20

Safety
IONIZING RADIATION PROTECTION PROGRAM
Paragraph

Purpose
Scome
Definitions
Policy
Responsibilities -
Personnel Ex Jsure
Medical Examications
Perscnnel Dosimetry
Precsutions in Handling Radiation Sources
Contesmination Control
Authorization for Procursment of Radicactive Materials
Authcrization for Procurement of Radiaticm Producing Devices
Shipmest of Radicactive Materials
Transfer of Radicactive Materials
Storage of Radicactive Materials
Ridicective Waste —
Protection of Maintenance and Comstruction Workers from Radiation Hazards
Energency Procedures

LENALFLRESvmaonm e »

Fire
Trainizg 20
References 21

1. Purpose. This memorandum establishes the Iomizing Radiation Protection Program, outlines
duties of the Radiation Protecticn Officer, the Radiation Control Committee and prescribes pro-
cedures and safe working practices wvhich must te observed by personnel engaged in operatiocns
involving ionizing radiaticm sources. :

2. Scope. The provisions of the Ionizing Radiation Protection Prograam apply to all the military
and civilian perscnnel under the administrative control of the Commander, Harry Diamcné Labora-
tories, to the employees of comiractors and to military and civilian personnel of other Governzent
agencies authorized to receive, use, store, traasport, or dispcse of ionizing radiation sources
at Harry Diamond Laboratories. T™his mezmorandum dces not apply to sources of non-ionizing
radiation such as lasers and microvave producing equipment.

3. Definitions: a&. Accelerator. A device for imparting kinetic energy %o charged particles,
such as electrons, protons, deuterons, and helium ilons. Common types of accelerators are the
eyclotron, synchrotrom, synchrocyclotron, betatron, linear accelerator and Van-de-iraff electro-
static generators.

b. Background Radistion. Radiation arising from radicactive material other thea the cne
directly under consideratiom. Background rediatica due to cosmic rays and natural radiocactivity
{s alvays present. There may also be backzround radiation due to the presence of radicactive
substances in other parts of the building, in the suilding material itselfl, etc.

e¢. Contamination Badicactive). Deposition of radicactive material in any place where it is
not desired, and particularly in any place where its presence can %e harmful. The harm zay be in
invalidating an experiment or a8 procedure, or in actually being a source of danger to persons.

®rmis Memorasdum supersedes EDLR 385-29, 7 August 1973
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4. Curie. A unit of activity defined as the qun;tl‘aty of any radicactive muclide ia wvhich
the number of disintegrations per second is 3.700 x 10,

e. Dose. (1) Absorbed Dose. When {onizing rsdiation passes through matter, some of its
energy is imparted to the zatter. The amount sbsorbed per unit of mass of irradiated zaterial
st the place of interest is salled the absorbed dose and is measured in rads, where

1 rad = 100 erg/gm = 1/100 joule/kg

The rad unit is applicable to any type of ionizing radiation, lut in reporting dose, the type,

as vell as irradiasted material (for instance, tissue), and the place of interest zust de specified.
Without the above three factors, a statement of absorbed dose received is {incomplete and probably
useless, since the sanme dose of different kinds of radiatiom, even delivered to tue same place,
can produce entirely different effects.

(2) Exposure Dose. See Exposure.

(3) Biological Dose. The radiation dose absorbed in biological zaterial. It is messured in
rems.

f. Dose Equivalent. The term “aBE" dose has been used in tbe past in both radiodbiology and
radiation safety. It is oow reccomended that the term REE be used in radicbiclegy only and that
another term be used for purposes of radiation safety. Tae 1{near-energy-transfer factor is
multiplied by the absorbed dose, Dy, to obtain a quantity that expresses on & common scale
{rradiation received by persons exposed to all ionizing radiations. The name recommended for the
linear-energy-transfer-dependent factor is quality factor, QF. Other factors must also b2 con-
sidered for the purpose of radiation safety. A distribution factor, DF; is used to express the
modification of the biological effect of radiation due %0 & nonuniform distribution of isotopes
{n the dody. The distridbution fact v, )ike the quality factor, also affects the absorbed dose
vhen radiation safety is being considered. * It is recommended by +he Internmatiopal Commission ou
Radiological Units and Measurements that the final calculated dose received by aa individual after
the absorbed dose i3 modified by the above-mentioned factors, plus aay other factors that zay
affect the incoming radiation, de called the dose equivalent, DE. If the only apparent modifica-
tion factors are QF and DF, then:

DE = D, (qe) (oP).
If other factors must be considered aud are defined, then:

" =D, (DP) (DP) cvvvconese

where the dots take into account the product of these otlher factors. The unit of dose equivalent,
DE is the rem. The unit of absorbed dose, D, , is the rad. (Compare definitions of Rem and Rad.)
Although the above defi{nition of dose eqnivdnnt does not cover & oumber of theorstical aspects

(4n particular the physical dimensions of scme of the quantities) it fulfills the immediate require-
ment for an unequivocal specification of a gcale that may be used for numerical expression in
radiation safety.

g. Exposure. The term "exposure Dose” is cbsolete. Exposure s & term adopted by the Inter-
pational Commission on Radiclogical Units and Messurements in 1962 to replace tke term "exposure
dose" introduced in their 1956 report. The quantity {s used for X- and gamma radiation. Exposure
{s the measure at a certaln place of radiation vhich has the nbtlity to produce iomizatiom. The
unit of exposure is the roentgen, R, vhere 13 equals 2.58 z 10° soulcmbs/kilogram. The definition
thus corresponds to the terms roentgen dose and air dose.

h. Exposure, Occupational. Exposure to iopizing radiation that is {ncurred as a result of
an individual's employment or duties which are in support of facilities vhich use materials or
sachinery capable of producing ionizing radiation. Exposure of an individual to ionizing rsdiation
#or medical or dental diagnosie or therapy shall not be deemed as occupational exposure.

1. Film Badge. A pack of appropriate photographic film and filters used to determine radfation
exposure. ;
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J. Ioterlock. A device, usually electrical and/or mechanical in nature, to prevent activation
&f a control until a preliminary condition has beea met or to prevent hazardous opersations. Its
purpose usually i(s safety of perscnnel or equijment. For example, it may be used to warn responsible
personnel of an unsafe condition or unauthorized entry of personnel.

k. Ionizing Radiation. Electromagnetic or particulate radiation capable »f producing ionms,
directly or indirectly in its passage through matter. For purposes of this memorandum, alpha and
beta particles, gazma rays, X-rays, and neutrons are examples of icnizing radiation. This type of
radiation does not include sound -r radio vaves, visidble, infra-red or witraviolet light or lasers.

1. Leak Test. A determination of the intagrity of a sealed source encapsulation by detecticn
of leakage or escape of radicactive contamination.

m. Rad. The rad is defined as a unit of absorbed dose of auy auclear (or ionizing) radiaticn
vhich is accompanied dy the iiberation of 100 erg of energy per gram of absorbing material. Or, ome
rad is approximately equal %o absorbed dose delivered wvhen soft tissue is exposed tc one roentgen
of medium voltage, X-ray radiation. The rad is to be used solely with abscorbed dose.

1l rad - 100 erg/grams = 1/100 joule/kg.

n. Radistion. See Ionizing Radiation.

©. Badiation Areas.

(1) Restricted Area. Any area access which is controlled by the employer for purposes of

protection of individuals from exposure to radiation or radicactive materials.

(2) Unrestricted Area. Any ares access vhich is not comtrolled by the employer for purmoses
of protectionm of individuals from exposure to radiation or radicactive materials.

(3) Radiation Area. Any area accessidle to persconel, in wvhich there exists radiation at such
levels that a zajor portion of the body could receive in any cae hour & dose in excess of 5 millirem,
or in any 5 consecutive days a dose in excess of 100 millirem.

(4) High Radiation Ares. Any area accessidble to perscmnel, in vhich there exists radiation at
such levels that a major porticn of the body could receive in any one hour a dose in excess of 100
millirem.

p. Radiation Hazard. A condition under vhich persons might receive radiation in excess of the
applicable maximum permissible dose, or vhere radiaticn damage might be caused to zaterials or
personnel.

q. Radiation-Producing Devices. See Radiation Sources.

r. Radistion Sources. Materials, equipment or devices which generate or are capable of generat-
ing icnmizing radiation, including: (1) maturally occurring rsdicactive materials, (2) byproduct
materials, (3) source materials, (4) special nuclear materials, (3) fiscion products, (5) zaterials
containing induced or deposited radicactivity, (7) nuclear reactors, (8) radiographic and flucro-
scopic equipment, (9) particle gemerators and accelerators, and (10) radio frequency generstors such
as klystrons and zagnetrons vhich produce X-rays.

s. Radiation Worker. Any person occupationally exposed to ionizing radiation and/or radicactive
materials. (Job descriptions of radiation vorkers should reflect that the individual is poteatially
exposed to icnizing radiation.)

t. Radioactive Material. Any substance wvhich undergoes spontaneocus disintegratiocn in vhich
energy is liderated, generally resulting in the formation of new nuclides (a species of atom character-
ized by the constitution of its nucleus.) The process is accompanied by the emission of one or more
types of ionizing radiation. Included are materials possessing artificial, induced and natural
radicactivity.

(1) Byproduct Materials. Any radiocactive material (except special nuclear material) yielded in
or aade radicactive by exposure to radiation incident to the process of producing or utilizing special
guclear material.
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(2) Source Material. Urapium or thorium or a ccabination shereof, in any physical or chemical
form or ores vhich contain by weight, one-twentieth of one per cent (0.05 porcent) or more of uranium,
thorium, Or any combination thereof. Source material does not include special nuclear material.

(3) Special Nuclear Material. Plutonium, urecium 233, uranium enriched ia the isctope 233 or
any other material whica the U.S. Atomic Energy Commission pursuant to the provisions of Section 51
of the Atomic Energy Act of 1554, L2 USC Secticu 2071, determines to be special nuclear materials,
or any material art.fically enriched by any of the foregoing but does oot ‘pnelude source material.

(s) B Qe ve Material. Substances which are radicactive in the natural
stace, such as radium and thorium and their decay products, except those defined as source and special

puclear material.

u. RBE. (Relative Bioclogical g¢fectiveness) The REE of a given radiation is defined as the
ratio of the absorbed dose in rads of gamma radiation (of a specific energy) to the absorbed dose
in rads of the given radiation having the same piological effect. (See Dose Equivuent.)

v. REM. (Roeatgen Equivalent Man). Ope rea i3 the quantity of ionizing radiation of any type
vbich, vhen absorbed by man or other mannal, produces & physiological effect equivalent to that pro-
duced by the absorpticnm of onme roentgen of X-ray or gazma radiaticm. Dose in rems equals RSE times
dose in rads. The rem provides an {ndication of the extant of biological injury (of a given type)
that would result from the abscrpticn of guclear radiation. Thus, the rem is a dose unit of bio-
logical effect, vhereas the rad is a unit of ebscrbed energy dose, and the roentgen (for X-ray and
gazmma rays only) is ome of expoeure. The rem can also be defined as the unit dcse equivalent. The
dose equivalent is numerically equal to the dose in reds, multiplied by the sppropriate modifying
factors.

v. Re . The quantity of gamma or Y-radiation vhich will gi’e rise to the formation of
2.08 x ion pairs per cubic cer.imeter of dry air, STP (0° C, 1 atm). This is equivalent to the
release of 87.7 ergs of epergy when one gras of dry air underz STP conditicns is exposed to ome roent-
gen of radistion. The roentgen is to de used solely as the unit for axposure.

1 R = 2.58 x 10°% coulombs/kg.

x. Sealed Source. Radicactive material that is encased iz and is to be used ina container in
a manner %o prevent leakage Or escape of the radicactive material.

Y. e. A discrete amount of radicactive zaterial that is oot encspsulated iz &
container to prevent leaksge Oor escape of the radiocactive material.

z. User. The activity, section, division or other orgsaizational unit wvhich bas been assigned
responsibility for the use, handling, operation or storage of radiation scurces.

k. Policy. Work with radiation sources may present & biological nazard., Fallure %o exercise prcper
coutrols can be hazardous +o health and may &lso result in property damage. Therefore, proposils

to obtain and use such sources vill be evaluated carefully tc assure that any exposure %0 radiation
will be kept to & minimum. Adequate written procedures, facilities, equipment, and trained perscnnel
must be provided vhere radiation sources are used or operated. Failure to meet these requirements
wvill result in cessaticn of operations.

S. Responsidilities. . Commander. The Commander vill:
(1) Establish a formal, written Ionizing Radistion Protection Prograa.
(2) Appoint s Radiatios Control Committee.

(3) Appoint a qualified {ndividual as Radiation Protection Officer and alternete to provide
continuity of operations.

(4) Assure compliance with Federal, State, and local regulations.
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b. T ont .

(1) The coomittee will consist of the Radiation Protection Officer, the Safety Director, and
several technical members trained and experienced in the safe use of radiation.

(2) Specifically, the committee will:
(a) Advise the Commander on the status of the radiation protection program.

(b) Prepare, amend and reviev rules and regulations pertaining to the safe use, storage and
disposal of radiation sources.

(¢) Reviev and approve proposed locaticn of radiation sources.
(d) Reviewv and authorize uses of existing and proposed radiation sources.

(e) Serve as revieving committee for incidents involving the use of radiaticn sources which
result in over-exposure.

(f) Recomrend appropriate action t0 be taken vhen individuals using radiation fa 1 to cbserve
safety recommendations, rules, or regulaticas.

(g) Reviewv any instance in vhich radiation safety regulaticns impede operations considered
essential by the laboratory concerned.

(h) Assure that minutes of the RCC's proceedings and actions taken or reccmmended are maintained.

(3) Primary responsidility for the enforcement of established rules and regulaticns is not the
respoensidbility of the RCC but rather the responsidbility of each individual acd nis direct supervisor.

c. ation tection Offic RPO)

(1) The training and experience of the RPO and his alternate must be commensurate with the type
ané hazard of the radiation sources at HDL. As a ainimum, the formal training of the RPO and his
alternate wvill de the successful ccmpletion of the U.S. Public Health Service Occupaticnal Radiation
Protection course or equivalent.

(2) The Radiation Protection Officer will:

(a) Act as Chairman of the RCC.

(b) Provide the Commander, the RCC, and radiation users with advice and assistance on all zatters
pertaining to radiaticn safety.

(¢) Review all plans for the proposed use of radiation sources and make the appropriaste recommend-
ations.

(d) Reviev all requisitions for procuremen: of radiaticn sources.
(e) Maintain an accurate record of the inventory of the radiation sources possessed by HDL.

(f) Perform radiation protection surveys of radiaticm sources to determipne compliance with
regulations and approved procedures.

(g) Maintain radiation protection reccrds.
(h) Calibrate, or arrange for calidration of, survey instruments.

(1) Supply perscnnel mnitofiu devices, provide instructions in their use, and maintain records
of exposure.

(J) Monitor shipments of radicactive materials.
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(k) Supervise decontamination of materials or personnmel.
(1) Monitor storsage and vorking areas as required.
(m) Supervise the disposal of radicactive wastes.
(n) Maintain complete records of the receipt, transfer, and disposal of radiation sources.

{o) Maintain records of unusual incidents such as overexporures, radicactive spills, or the
loss of radicactive materials.

(p) Arrange for radiatica safety orientation and training of laboratory personnel.
(q) Prepare and submit applications for NRC licenses.
(r) Review, update, and amend NRC licenses presently in effect.

(s) Prior to being relieved of his duties, the RPO will take the following action with regard
to radiation sources for vhich he is responsible.

1. Secure all sources in such & manner as to preclude use or removal during the periocd for
vhich there is no RPO appoiated; or

2. turn over to a properly qualified and suthorized individual, all zmaterials and records for
vhich he is responsidble. Such an authorized individual will have the qualifications and training
required of an RPO.-

d. ors o ia % i s wil

(1) Maintain a current inventory of all radiation sources for wanich they are responsible.

(2) Know the exact location of all radiation sources for vhich they are respoasidle.

(3) Jpost appropriate wvarning signs and notices.

(4) Assure that their personnel have received adequate ins*ruction and experience prior to
using or being axposed to radiatica.

(5) Control contaminationm.

(6) Assure radiation sources are secured against unauthorized use.

(7) Control personnel exposures.

(8) Prepare, prior to the start of any operation involving radiation sources, a written SOP
for reviev and approval by the RPO and RCC. The SOP will contain, as a minimum: responsibilities,
maximum permissible levels of radiation i{n the areas concerned, storage of radicactive materials,
procedures regarding dosimetry, interlocks, decontanination and emergencies.

(9) Enforce SOP's, rules and special precautiocns.

(10) Report to the RPC an accident, unusual incident, perscmnel injury, or suspected overexposure
immediately after occurence. #

(11) Prior to being relieved of his duties, each radiation supervisor will take the following
action with regard to all radiation sources for vhich he is responsidle:

(a) Secure all radiation sources in such a manner as to preclude use or removal wvhile not under
the immediate supervision of a qualified and authorized individual; or

(b) turn over to a properly qualified and authorized individual all radiation sources for which
he {s responsible. Such an individual will have the qualification and training required for the safe
handling of the materials involved.
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. e. ation vorkers will: (1) Kaow and follow SOP's, rules, and special instructions.

(2) Use safety equipment properly.

(3) Report to the supervisor any accident, unusual incident, personal injury, or suspcted
overexposure lmmediately after the occcurence.

f. Supervisors of Radiation Facilities will assure that each procurement document for a "basic
component” for a radiation facility, i.e., Suclear Reactor, Cobalt Irradiator, etc., licensed pur-
suant to Title 10 Code of Federal Regulations, specifies that the provisions of 10 CFR Part 21
apply. A "basic component" zeans a compopent, siructure, system or part thereof in which a defect
could creste a substantial safety hazard, i.e., loss of safety function to the extent that there is
& major reduction in the degree of protection provided to public health and safety.

6. - The radiation exposure standards contained in this secticn are applicable
to allpersonnel. Present day philosophy of the Nuclear Regulatory Commission (NRC) is that radiation
exposures be kept "as lov as reasonable achievable” (ALARA). Applications for licenses to operate
radiation facilities must sddress and emphasize the ALARA concept. The NRC presently requires that
the concentrations of ionizing radiation materials bde kept at less than ten percent of the levels
listed in 10 CFR 20. If these concentratioms and exposure levels cannot be maintained, then Justi-
fication for higher concentrations and exposure levels must be made in the license application.

The following personnel exposure limits are those cwrently listed in 10 CFR 20.

a. Personnel 19 years of age and over vho are ocrupationally exposed to rediatiocn:

(1) Accuwmulated™dcse to the whole body, head, truuk, blood-forming organs, gonads or lens of
the eye is not to exceed 1.25 rem in any calendar quarter.

(2) Accummilated dose to the skin of the whcle body or thyroid is not to exceed 7.5 rem per
calendar quarter.

(3) Accummlated dose to the bands, forearms or feet is not to exceed 15.75 rem per calendar
quartesr. ;

b. Members of the gemeral public, personnel not occupationally exposed, aud those under 18
years of age vill not be exposed, in any one calendar quarter, in excess of 0.125 rea.

¢. Pregnant wvomen will not be exposed %o ilonizing radiaticn for other than medical reasons
(AR 40-5). At the first izdication of pregnancy, vomen should notify their supervisor 20 they can
e removed from work inveolving exposures.

7. Medica) Exsmipations. a. Prior to bdegianing work with radiation scurces, employees will be
8iven an examination to include medical history, radiation exposure history, physical examination,
and a complete blood count. Persomnel, vho are to bde occupationally exposed to neutroms, will be
glven a slit-lamp test prior to exposure.

b. If a similar examination has been conducted within the previous € months, those portions of
the examination need not be repeated for vhich results are entered in the individual's record.

¢. Visitors and personnel on temporary duty for less than 30 days do not require a medical
examination provided they vill not be exposed to radiation in excess of the levels established in

paragraph fa.

d. Radiation vorkers vill be given a medical examination at least once every 3 years. Hovever,
depending upon the work involved, the Medical Officer may desire to repeat the examination more
frequently.

e. In addition, & full examination vill be requested in event of overexposure, suspected over-
exposure, transfer to other operstions not involving radiatiom, or prior to separation from HDL.

f. Supervisors vill advise the RPO of new employees working wvith radiation sources so that
appropriate orientation and physicsl examination can be arranged. The RPO should be motified as far
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as possible in advance of transfers and termination of employment of radiation vorksrs so arrange-
ments can be made for final examination.

8. Persomnel Dosimstry. a. All persons occupationally exposed to icaizing radistion will utilize
film badges. The RPO will control the distridution and collection of film badges.

. Before starting to vork with any radistion source, the individual must obtain a film badge
from the RPO. It is the responsibility of the individual and his supervisor to cbtain the required
£41a badge bdefore beginning wvork vith ionizing radistionm.

¢. It is important that the film badge be vorn rather than left in a desk draver or pinned on
a laboratory coat not being worn. Any person vho suspects that he has been exposed to ionizing
radiation vhile not vearing his £il» dadge vill report the same to the RFO. Also, any person vho
suspects that his badge has been exposed to ionizing radiation to vhich he vas not exposed will
{mmediately report same to the RPO.

d. Off-site personnel monitoring.

(1) Arrangements will be made vith the RPO to provide the necessary personnel-monitoring services
to HDL perscmnel on official duty in places vhere £41n dadge service is not available.

(2) The names of HDL Md assigned to duties at places vhere perscanel-monitoring services
are available must de submitted to the RPO by the laboratory concerned.

e. All visitors, experimenters at HDL facilities, wvho zay deccme exposed to ionizing radiation
must vear film dadgss. It is the responsibility of the facility supervisor to obtain visitor dadges
from the RPO and enforce vearing of the badges. The supervisor vill maintain a monthly record of
visitors, listing the name, business address and social security mumber of the visitor plus the
badge number issued. Badges will not de issued to more than one person.

9. Precautions {3 Handling Radiatiocn Sources. a. Consider the relationships vhich will develop
betveen the source and the persons involved in its use. Remember tlat the objective is to keep all
occupational exposures as far below 100 mrem/veek as is practicable. The individual vho is assigned
the radiation source has the responsibility to see that this objective is attained.

. Determine before irradiation occurs vhat dose rate will be experienced by each individual
under each conceivable circumstance. Advise the individual before he begins vork regarding the dose
rate he will incur in each situation. Be sure that he knows the location of the sources iavolved
as vell as the protective mesasures to be employed.

¢. Take steps to ensure that no one may de exposed {nadvertently. Also, prevent radlation
sources from bdeing removed from the vork area. Prevent transmissicn of contamination by persons,
tools, packages, document, vehicles, etc. Keep radicactive materials out of ordinary channels of
vaste disposal.

10. Contamination Control. a. The Radiation Protection Officer will issue expendable clothing to
those persons vorking in areas vhere contamination is reasonable possible.

b. Cross-contamination may be limited by employing practical handling technigues. Simple acts
such as handling telephones, reports, etc. vhile contaminated can result in the spread of contamina-
tion. Ounly things vhich may safely become radicactive should be permitted to touch radiocactive
{tems, and once such a contact is made, both items are thereafter treated as being radicactive.

¢. Individusls vho contaminate themselves or others, or vho cause the contaminatica of areas,
floors, equipment, etc. will notify the RPO at once. The RPO will assess the extent of the contam-
ination and supervise the necessary decontamination procedures. It is not the duty of the RPO to
perform the actual decontamination. It is the responsidility of the person causing the contamina-
tion to carry out the necessary clean-up procedures.

11. Authorization for Procurement of Radicactive Materials., a. The HEDL Radiation Control Committee
must authorize all proposals for work with radicactive materials.
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b. The perscn responsidle for and directing the undertaking of the use of radicactive material,
the principal user, vill sulmit a memorandum in duplicate to the RCC containing all pertinent infor-
mation concerniug ths proposed operation. The memorandum will include:

(1) Organizational element responsible for the proposed operation.

(2) Purpose for vhich the materials will be used, including the desired initiation date and
estizated duraticn of the project.

(3) Materials desired, including:

(a) Isotope and maximum m!_.vl.tiu to be used and processed at any cue tize.

(b) Whether sealed or unsealed.

(¢) Chemical or physical form.

(4) Qualifications and experience of the persoms vho will directly supervise the cperatiocn.
(5) Qualifications and experience of persons vho vill use or handle the material.

(6) Locations vhers materdials vill be used or stored.

(7) Momitoring equipment available to support the operation.

(8) Pacilities, equipment storage containers, exhaust hoods, handling equipment, and protect-
ive equipment available.

(9) Operstional procedures.

(10) Radiaticn protecticn procedures to include safeguards to preclude emergencies, and actions
to de taken should an emergency occur.

(11) Estimated exposure of operational and nearby nonopersticnal personnel.
¢. The Radiation Control Committee will then review the proposal.

(1) Proposals rejected by the committee vill be retuwrned to the principal user vith the resson
for relection indicated.

(2) 1If approved, the original copy of the approved proposal vill be returned to tie principal
user and the duplicate will be kept in the RCC file.

(3) Once operstions have been approved, no changes will be alloved prior to reviev acd approval
by the RCC.

4. Requests for the procurement of all radicactive materials wvill be processed through the
RCC. No order for radicactive material may be placed without having obtained the authorization of
the RCC for the intended use of the materiai. The RPO will act for the RCC for routine procurement

requesta.
(1) The purchase requisition (DELED 960) is first sent to the RPO with & duplicate copy.

(2) The purchase requisition must be identified vith the proposal for vhich the material is
ordered and for vhich prior authorizatiocm ¢f the RCC has been obtained.

(3) The RPO will then endorse the purchase request and forward it to the Procurement Office,
or will hold the request for further study and consultaticn with the person making the request.

(4) If the rediocactive material is obtained Dy means other than a purchase request, a Zemoran-
dum should be sent to the APO as far in advance as possidle and in any case defore the material is
brought into the laboratories. The memorandum vill contain the proposal for wvhich the material is
ordered and for vhich the authorization of the 2CC has been obtained.



HDLM 385-20
12. Authorization for Procurement/Use of Radistion Producing Devices.
s. The HDL RCC must suthorize all proposals for vork with radiation producing devices at HDL.

. The person responsible for and directing the undertaking of (the principal user) opswations
{nvolyving radiation producing devices will submit a memorandum in duplicate to the RCC contsaining

all pertinent information of the proposed operation. The memorandum vill include (whers zmplicable):

(1) Type of device.

(a) Punctionm.

(b) Mapufacturer and Model Number.

(;) Radiation output.

(4) Anticipated vorikload.

(e) Whether fixed or mobile opersation is anticipated.

(f) Wnether single or multiposition exposure bead {3 to de used.

(g) Pulse duration and anticipated workload.

(n) Target.

(1) Calibration procedure and frequency.

(J) For sccelerstors: the curie level of the target, the mode of operation (positive or
negative), energy of accelerator particles, the procedurcs for exchange of tasgets, and the availe
able ventilation.

(2) Safeguards.

(a) Shielding.

(») Interlock provisions and comscle locations.

(¢) Estimated exposure based on seven-consecutive day operation modified by the planned wvorke-
load. (Exposures of operstional and non-operaticnal personnel must be considered.)

(d) Cccupied locations pearby.
(3) Training and experience of operators.
e. The RCC will then review the memorandum.

(1) Proposals rejected by the committee will be returued to the principal user with the reason
for the rejection indicated.

(2) 1If approved, the original copy of the approved proposal vill de returned to the principal
user and the duplicate will be left in the RCC file. :

(3) Changes to originally approved operations must be submitted %o the RCC for reviewv and
approval.

4. Requests for the procurement of all radiation-producing devices vill be processed through
the RCC. No order for radiation-producing devices may bde placed without having obtained the auth-

orization of the RCC for the intended use of the machine. The RPO will act for the RCC for rout-
ing procurement requests.

(1) The purchase requisition (DELHD Form 9€0) is first sent to the RPO with a duplicate zopy.

10
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(2) ™, vurchase requisition zust be identified vith the proposal for vhich the machine is
orde.sd ana for vhich prior suthorizatica of the RCC heg been obtained.

{3) The HPO will thea endcrse the purchase request a1 forwvard it to the Procurement Off'ice,
or .11l hold the raquest for further scudy and consulta-ion witu the person making the request.

3. \ ive Mat . &. Incoming.

(1) ALl radicactive material shirments zust Ye shipped to and received by the RPO unless prior
ruthorization for anciMer procedure n2s deen granted by the RCC.

(2) The Logistics Munagement Office vill take the following actiocn:

(a) Tee pickup of radicactive material vill ba sccomplisbed as soon as practicable after re-
spving gotificaticu by tle carrier that the materdal is availsole.

(4} Coatest *he RAPO lxmedistely vhen & po:kage sv™ives ot HDL. Packages must be monitored
foe exgussive leakage and contamiraticn by tha2 ED) yithin 3 hours of receipt during duty bours or
vithin 18 hours of receijpt during non~ducy Boura.

(e) Insure that the RPO moniters each package isside and out vhile it is being opened and
w.fore the ackaging of the contents are moved away frum tie unpacking location.

/3) 'We Aadiat’on Protection Jffice will:

(a) Monitor ths radicactive material for excessive external radiation or contamination prior
to unlogdine.

(b} Jheck the Tehicle for contamination immedistely after urloading the radicactive item.
(¢) Direet deccatamination of materials if contamination is svident.

(4) ZIrrespestive of the physical conditicm of the package, the package zust be accepted. If
damaged, active steps must be taken %o minimize exposu-'e of personnel and contamination of property.

(e) Upom receipt o toe shijment, s record of the =osiitien and dose rate levels of radiation
wvill be entered ou Ni Form 279)-R. DA Form 2791-3 vill bde reproduced locally %o furnish the Radia-
tiua Prctection Olricer vith & cOpY. The origisel DA Form 275.-i +ill de attached o the shipping
dac.=s'ts and deccme & part of the permanent record Jf the shipment.

(£) Direct movessst of “he ites %o the individual luboratsry or to those staging and storage
ar.as determ’sed by the RCC. -

v. Outgoing. (1) The requestor:
(a) Prepares DELID Form 57 (Shipping Reqose*) and ‘orvards it to the RPC with an extra copy.

(%) Insures that items ere checked, tagzge. and approved y the RPO pricr to sending to the Log-
istics Management Office unless authorization for apnther procedure has been granted dy the RCC.

(¢) when applicabls, determines thac the reciplent is pruperly licensed by the NRC to receive
the shipment.

(2) The Radiatiou Protaction Officer:
(a) Verifies ths: the -¢-ipieat is properly licensed by NRC to receive the shipment.

(v)" Chiecks and monitors the items Dbeirs pesxszed in the Logistics Management Office for cono-
formance vith DARCOM, DA, NRC, and DOT regwi,tioen.

‘e) PForvards the shipping request to the Logistics Managemeat Office.
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() Purnishes the Travel and Transportation Sranch & completed DA Form 2791-R showing that
containers, a3 vell as the maaner of packsging vithin containers, meet all radiation safety require-
ments. DA Form 2791-R will be reproduced locally to furnish the RPO with & copy.

(3) The logistics Management Office. If the shipmeat is Ty common carrier, forvard the ship-
ping request to the Travel and Transportation Sranch.

(4) The Travel and Trassportaticn Branch:

{(a) Prepares the Government Bill of Lading.

(b) Forvards shipping pepers %o the RPO.

($) The Radiation Protection Officer:

(a) Attaches to the shipping papers all special labels required for shipment.

(b) Authorizes release of the shipment and the Bi{ll of lading %o the vehicle driver.
(6) Logistics Management Office:

(a) Arranges for dispatch and .loc!nn:l.csl {nspection of the vehicle for transporting radio=-
active items.

(b) Delivers the shipmart to the common carrier or the destination, as applicable.
(¢) Returns tae Bill of lLading to the Travel and Transportation 3ranch.

(d) Arranges for the monitoring of the veaicle by the RPO or his designated alternmate either
st the destination or izxmediately upom return to HDL.

(1) The Travel and Transportation Branch returns one COpy of receipted Bill of lading to the
RPO.

1k, WW. Before radicactive materisl is transferred {rom cme loca-
tion to another within the Laboratcries, the RPO must be notified by the person requesting the
transfer so that the operation can be properly surveyed.

15. Storsge of Radiocective Materials. All redioactive materials must be clearly labelled at all
times, giving pertinent end accurate informaticn about the conterts as vell as {dentifying the
person vho is responsidle for the item.

s, Permanent Storage Locaticns:
(1) Permanent storage locations vill be established with the cognizance of the RCC.

(2) Permanent storage locations vill be protected from entrance by unauthorized perscanel and
posted as required.

(3) Work arsas sdjacent %o permanent storage areas shall be delov 2.25 mrem/hr.

b. Temporary Storage Locations.

(1) Temporary storage of radicactive materisl wvhish has been issued to an individual i{s the
direct responsidility of that {ndividuzl. The storsge area vill conform with radiation limits of
0.25 mrem/hr as set for+h for permanent storage locations.

(2) - Temporary storage locaticns vill be identified by the appropriate radiation signs indicat-
ing the radiation eharacteristics, the actual physical location of the material, and the precauticns
to be taken.

16. Radicactive Waste. a. Dry Waste. Radicactive dry waste must be placed in cans vith plastic
liners, labelled with the standard radiation symbol, and marked "Radiocacsive Waste". Cans and the
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1iner bags may be obtained by contacting the RPO. Do not tlace radicactive vaste in any vaste-
basket other than the designated dasket.

b. Liquid Waste. Radiocactive liquid wvaste must be placed in suitably shielded plastic bottles
labelled vith the standard radiation symbol and specifying the type and approximate amount of radio-
isotopes present. No liquid radioactive vaste, regardless of half-life, will de disposed of by
pouring into any drains other than those designated by the RPO.

17. of n d Wor "

s. Whenever maintenance or comstruction work {s required i{n an area vhere an individual could
conceivably receive a radiation exposure or where there is a possidbility of contamination deing
present, it must be stated on the service request and the request must be approved by the RPO.

B. It will be the responsidili*y of all maintenance and comstruction supervisors concerned
to insure that all vorkers are familiar vith the radiaticn signs and to see that these signs are
obeyed.

-~
(1) Supervisor must submit to the RPO the names of voriers assigned to areas vhere a radiation
exposure is possidble. The RPO will provide these vorkers with the neceseary personnel monitoring

~equipment. The supervisor will notify the PPO vhen the job is completed.

(2) Upon request the RPO will provide imstruction in radiation safety to zaintenance aand con-
struction crevs.

18. [PEmergency Procedures. a. Because of potential hazards created by breakage of sealed containers
of radicactive materials, all such incidents should be reported to the RPO and the HDL Safety
Manager. :

b. Actions to be taken in sequence:

(1) Shut off all air corditioners and fans in the immediate area.

(2) Evacuste the area promptly, making no attempt to remove debris.

, (3) Secure the ares to prevent enmtry by others.
(k) Contact either of the above named officers and comply vith additional {astructions.

Ce ?roeodwo to be folloved in the event of & vound incurred vhile wvorking wvith radicactive
materials:

(1) Wash the injured area at once vith running wster.
(2) Immediately secure medical sttention from the EDL Medical Office.

(3) Notify or have scmeone else notify the RPO.
19. Fire. a. In the event of & fire vithin cne of the posted radiation arees, the individual
discovering the fire will immediately notiry the RPO, the Safety Manager and Fire Marshall.

b. All persons entering a posted area vill wear self-contained dreathing spparatus unless
othervise directed by the RPO or his alternate.

e. Every effort vill be made %o determine the exposure received by the fire fighters. A
radiation survey of the area should be made and film baiges should de vorn by all persons entering
the area.

4. The supervisory Cuard Officer will post a guard to prevent entrance of unauthorized perscon-
pel. After the fire, the area vill be surveyed and cleared by the RPO for normal occupancy.

e. All fire fighters engaged ir operaticns vhere radiocactive materials are involved should
take a thorough shower bath as soon as possible after the fire is over. The RPO will check the
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fire fiyhters for contamination following the shower bdath.

20, Trainizg. o. Personcel, including visitors, vho vill be exposed to radiation and/or radio-
actire materials vill de informed of the following information prior to exposure:

(1) The presence of radiation or rsdicective material.
{2) Health hazards associated with exposure to such mat- - .als and/or radiationm.
(3) Procedures and precautions to minimize exposures.

(&) Applicsble provisions of AEC licenses, DA suthorizatious, regulations, and standing operat-
ing procedures, and applicable portions of Title 10 CFR, pars 19, 20, e=d 21.

(5) BEmergency procedures.
(6) Right to receive a report of his exposure incurred.

(7) Proper use of protective equipment and clothing.

®. Radiation varkers vill receive the instruction in a, adbove. In addition, they vill de
instructed in the folloving areas:

(1) Maximum exposure and contamination levels.

(2) Safe methods of performing wvork. (The use of protective equipment and the operational
steps involved vill de demonstrated.)

(3) Procedures to minimize contamination and to secure sources of radiation from authorized
use. : - :

¢. Before an individual uses or supervises the use of sources of radiation, the RCC should
determine thet his training and experience are sufficient to enable him to deal safely vith materials
involved.

4. An individual whose training and experience is not adequate will bde required to work undes
the direct supervision of a person known to be qualified until such time that the individual can
demonstrate his ability on the Job. 1in %he event such traiaing is not svailuble locally, inquiry
should be made into the possidility of the employee receiving the required training and experience
¢ ' another DARCOM installation or activity.

e. Emergency and security personnel will e trained and equipped to cope with radiclogical
hazards that may be encountered in the performance of their duties. Training wvill de sufficient
to enable such personnel to function without waiting for the guidance of the RPO, or other individe
uals not part of their imediate group. Such persons vill be informed of the existence of situa~
tions that might become hazardous during special or urusual circumstances.

£. A record of training will be recorded on DA Form 750 (Record of Training) and placed in
each employee's official persomnel folder.

g. Radiation wvorkers will receive annual refresher training. A vritten record of initial and
periodic refresher training vill be maintained by tae RFO.

21. References.

a. Title 10, Code of Federal Regulations, Part 20, "Standards for Protection Against
Radiation” and Title 29, Code of Federal Regulatioms, Part 1910, "Occupaticnal Safety and Health
Standards.” !

. A®'s LO-1l, 55-54, 385-30 and 700-52.

e. AMCR's 385-25, 385-30.

1k
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4. U.S. Department of Commerce, National Bureau of Standards Handbooks Numbers W8, %51, ¢S,

390 630 66! 69g 73’ 15. and 78-
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STANDING OPERATING/IMERGENCY PROCEDURE
BUILDING 504 COBALT-60 SOURCEL, ADELPHI, MD

Revision 3, 1 Aéf 82

PURPOSE: To insure the radiological safety of personnel using the cobalt-60
source and to protect the integtity’of the source elements.

/
PROCEDURE FOR IN-PCOL IRRADIATIONS:

1. The cobalt-60 source control room door and maze entry door
will be locked at all times, unless the. rooms are occupied.

2. There will be two different keys, #1 which unlocks the control
room door, and #2 which unlocks the maze entrance door. In addition, the con-
trol room door has a high-security  hasp and padlock. This high-security hasp
and padlock will be unlocked by ‘HDL security guards during working hours, and
will be secured otherwise.

‘ 3. Key #1 will be issued only to the Facility Supervisor, the
Chief Operator, the Alternate Operator, the HDL Radiation Protection Officer,
and to HDL security personnel. .

4. There will be only one copy of key #2. It will be kept in a
locked container located in HDL Bldg. 500 (AURORA). The Facility Supervisor,
the Chief Operator, the Alternate Operator, and the HDL Radiation Protection
Officer will be the only persons whe have access to this container.

§. Experimenters (i.e. everyone participating in an experiment) who
desire to use the source during normal duty hours (0800-1630) must enter their
name and time of entry in the logbook provided for this purpose in the Cobalt
Facility Control Room. One member of the experimental group must sign for
keys #1 and #2. Keys 41 and #2 will be issued at Bldg. 500, AURORA by one of
the four persons identified in paragraph 4, above. Upon completion of their
experiment, he must return the keys to Blég. 500 and sign out. Under no cir=
cumstances may the keys be removed from the immediate vicinity of the Bldg.

- $00/504 complex. This sign out procedure also applies to lunch breaks and

short trips to the HDL main complex. Experimenters who remove the keys from
the Bldg. 500/504 area, even for short periods of time, will be removed from
the list of authorized experimenters.

6. If an experimenter desires to work later than 1630, he will so
notify the HDL guard office (X-41117) before 1600. The securitv guard will
then take the cobalt-GO logbook to the HDL guard office when he locks up
Bldg. 500. Upon leaving Bldg. 504 for the night, experimenters will sign out
and leave the kevs and their film badges at the HDL gquard office. The secur-
ity guard will return the keys, the logbock, and the film badges to Bldg. 500
the next morning. . '

7. If an experimenter desires to begin work earlier than 0800 or
work on weckends he will so notify the HOL guard office before 1600 of the
previous working day. The security guard will then take the keys, the log-
book and the experimenters film badges to the HDL guard office when he locks

_up Bldg. 500. When the experimenter comes in he will log in at the HOL guard

office. The sccurity guard will return the logbook to Bldg. 500 when he,
unlocks it at 0745.

MdEx b-& )=



8. Experimenters must wear a £ilm badge while they are in the
Cobalt-60 Facility.

9. At least two persons must be in the Facility when a task
requires working around the pool with cne or more o the three major grating
sections removed. Guard rails will be in plage during any such operation.

PROCEDURE FOR FREE-AIR IRRADIATIONS:

1. Free air irradiations will only be undertaken by the following
persons: _

Facility Supervisor

Chief Operator

Alternate Operator

HDL Radiation~P§otection Officer

2. Two keys are required to perform free air irradiations: Key #3
" which activates the console power, and Key #4 which activates the reset sta-
tion and controls source elevator motion. There will be only one set of Keys
#3 and #4. They will be kept in a locked key box in the-Cobalt Facility Con-
trol Room. The only persons who will have access to this key box will be the
Facility Supervisor, the Chief Operator, the Alternate Operator, and the HDL
Radiation Protection Officer.

3. Two people must be present in the Facility whenever sources are
moved around in the bottom of the pool. This specifically includes moving
sources onto or off the source elevator. One of the people will have a cali-
brated ionizing radiation detection monitoring instrument to ensure that a
hazardous condition is nct created by source manipulation procedures.

4. Prior to raising the source elevator, the operator will visually
inspect the irradiation room to insure that it is uncccupied. He will then
activate the reset switch with Key #4, go out through the maze, and close the
maze entrance door.

S. The operator may then raise the source elevator at his convenience,
observing the T.V. monitor and control room Remote Area Monitor (RAM) #1. If
he detects any unsafe condition such as mechanical interference with source
elevator movement or an increase in the radiation exposure rate on RAM #1, he
will immediately lower the source elevator.

6. The operator must be in attendance in the control roem for the
entire time the elevator is raised.

7. After the termination of each free-air irradiation procedure the
operator will enter the exposurc roca wi*h a calibrated ionizing radiation moni-
toring instrument and determine that no radiation hazard exists before any
other personnel are allowed to enter.

8. -Any malfunction shall be reported immediately to the HDL Radiation
Protection Officer and to the Facility Supervisor.




PROCEDURE FOR OPERATING ELEVATOR FROM COBALT-60 ROOM:

1. Two persons are required to operate the source elevator in the
in-cell operating mode.

2. Both persons must visually verify that there is no source ele-
ment on the elevator platform.

3. When ready to raise the elevator, one person will stand by the
pool with a monitoring instrument to detect any increase in the ionizing
radiation level while the second person energizes the elevator control.

4. When the elevator is fully raised and it has been verified
that there has been no increase in the radiation level, one of the operators
may work on the elevator platform while tha other operator holds the key
switch. :

e

AUTHORIZED EXPERIMENTS:

1. All experiments involving use of the Cobalt Facility must be
reviewed and approved by the HDL Radiation Control Committee in accordance
with the procedures set forth in HDLY{ 385-20, Paragraph 1ll.

2. Irradiation of the following classes of materials is strictly
prohibited:

a. Explosives or Flammable Liquids

b. Corrosive matarials

€. ' Any material which could violate the integrity of the
source pencil encapsulation.

3. Manipulation of source elements by experimenters is strictly

prohibited. - .

AUTHORIZED EXPERIMENTERS:

1. All experimenters mtst be supervised by employees of Harry
Diamond Laboratories. Non HDL experimenters must have a film badge and an
HDL security badge.

2. All experimenters must be approved (once only) by one of the
followirng:
Facility Supervisor
RPO
Altcrnate RPO
A list of the approved experimenters will be maintained with
the Cobalt-G0 source logbook.



EMERGENCY PROCEDURES: .

1. Major Emergencies:

a. TYPES: Fire or other hazardous condition.
Continuous actuation of radiation alarms.
Abnormal pool water level.

b. RESPONSE: Evacuate the Cobalt Facility immediately.
Report the natur2 and locaticn of emergen-
cy to the HDL Guard Office (X-41117).
Assemble in Bldg 504 parking lot.

2. Other Emergencies:

a. TYPE: Object dropped into pool.
b. RESPONSE: Nétify Facility Supervisor (x42290)
3. Use of the Facility shall not resume. until the cause of the

emergency condition has been determined and corrected to the satisfaction
of the HDL Radiation Control Committee.

PREPARED BY: ////;/f/"/f'/// /

KIAUG K RPIS Fac;lxty Supervisor

. v ]
,/ijgav »;thu g
APPROVED BY: (7 J—f;‘*.'
.

. XERRIS, Chief (A), Br. 22900

- 0 .
Fuickanr Fovlt,

MICHAEL BORISKY, RFO, HDL

.

. 40
REVIEWED AND APPROVED BY RCC:/J/,;n/ id /0.0
_Date Initials-
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COBALT-60 FACILITY WEEKLY CHECKLIST

HDL BLDG. 504

1. Verify the status cf the following systems:

System Air Pressure: psig
Console Power: ON
RAM Power: ON RAML
RAM2
RAM3
Tank-0-Meter flow rate
water level inches
2. Verify that the circulating pump is running: [ |
Check condition of sediment filter by
measuring inlat and cutlet pressure.
Replace filter if pressure drop exceeds
15 pei: IN nsig
_OUT psiz |
|_DROP psi
Check pocl water resistivity at inlet
and outlet of deionizer tanks. Inlet
resistivity should not be less than
.05 Mf=cm: IN Mil-cm
OUT Mi=cm
3. Check operation of RAM 1, 2, & 3 by
actuating the lamp which is built into
the probe. Verify that this check
causes an up-scale meter reading with
the associated audio & visual alarm
response for each RAM: RAM1
RAM2
RAM3

REMARKS :

Avwrer €0

MONITOR's NAME:
DATE:
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PERICOIC MAINTENAICE SCHEDULE
COBALT-60 FACILITY
HCL S8LDG. 504

I. ADJUSTIENTS

A. Quarterly

1. Check elevator air system pressure. Adjust to 10
psi greater than that required to lift the raquired
maximun elevator load. ’

2. Adjust the descent speed valve to limit elevator
descent speed when fully lcaded.

3. Adjust the ascent speed valve to limit elevator
ascent speed with no load.

B. Semiannually
l. Turn off pocl water supply valve.
Check trip settings on pool level gauge switches by

isolating level gauge f-om pocl ard pressurizing it.
Switch trip settings siculd be as fcllows:

a. High water level alarm: actuation poin%t: 137 inches

b.. Fill valve: actuation point: 137 inches

c. Pump cutout switch: reactuation point: 132 inches

d. Low water level alarm: reactuation point: 126 inches
- Adjust all switches to within + 1 inch.

Turn pool water supply valve back on.

2. Check the console timers for prozer functiorning and time
delay setting. Adjust or replace as necessary,

II. FREVENTIVE MAINTEZNANCE
A. Quarterly

h IR

o A
with

1l elevator drive culleovws (excert sukmerged:
i3

1
1i3he ~achine oil.

2., Chick etavlceme nontie res=rve ani repiace if nreessars:.
- 14 .

4. Inzvact entire elavarcr cable for signs of wenr.

CU - Foem o'.b £ v Dec 31

Checked
(Initial)

LIl




PERIODIC MAINTENANCE SCHEDULE

COBALT-60 F7 TILITY

B. Annually

Remove air pressure regulator dust and

" oiler bowls in elevator air control

10
2.
3-
\/\
=
III. REMARKS:

system. Clean bowls and refill oiler
bowl with clean oil.

Measure the insulaticn resistance of
the dummy control wire in the cable
tray7 If this wire has less than
1X10’ ohms resistance to ground,
check all control wires and replace
those which aze less than IX10‘ ohms
to ground.

Visually inspect wire insulation in
cable trays for radiation damage
such as brittleness or crumbling

in insulation. Replace all defective
wiring. '

CHECKED BY:

DATE:
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PERIODIC CALIBRATION SCHEDULE/PROCEDURES
COBALT-60 FACICITY
/ HDL BLDG. 504

I. CALIBRATION OF REMOTF AREA MONITORS

A. There are three remote area monitors in Building 504. RAM 1 is located in
the control room. It has a 4-decade logarithmic meter calibrated from 0.1 mR/hr
to 1R/hr. RAMs 2 and 3 are located in the exposure room. They have 5-decade
logarithmic scales calibrated from LO mR/hr to 10R/hr.

B. All RAMs must be calibrated quarterly, following the calibration instruc-
tions given in the NMC Model GA-2TO instruction manual with the following
exceptions and additions:

1) The only function of RAMs 2 and 3 is to detect radiation levels which
are significantly above background. It is therefore not necessary to calibrate
them over their entire meter range. RAMs 2 and 3 will be calibrated from
LOmR/hr to 1R/hr. A label will be zffixed to RAMs 2 and 3 stating that they
are uncalibrated above 1R/hr.

2) All three RAMs have a remote meter readout at the control console.
These remote meters are to be included in the calibration procedure.

C. At the same time the RAMs are calibrated, high radiation alarm trip points
should be set as follows: -

2.5 oR/hr

RAM 1:
RAM 2: 20, mR/hr .
RAM 3: 20. mR/hr. .

D. The calibration and alarm adjustment procedures are attached.
II. CALIERATION OF OZONE MONITOR

A. A Bendix Ozone Detector, Model 8002 i{s installed in the control room. This
unit continuously measures the ozone concentration in the exposure room during
{n-air-irradiation procedures. A sampling tube, extending from the unit te a
location adjacent to the source elevator provides the uait with a represeata-
tive sample of exposure room air. The detector analyzes the air sample and
displays results which lie within a 0.01 to 1.0 pPM 05 range.

B. This detector must be'calibrated semiannually, following the calibration
instructions given in the 3endix Ozene Detector, Model 8002 ianstruction manual
with the following additions:

© 1) The remote meter readout at the control console reproduces the reading

displayed at the detector unit. This remote meter is to be included ia the
calibration procedure.

12012
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2) The high ozone alarm trip point should be set at 0.1 PPM. Therefore,
ad just the "range switch" on the ozone detector and the red pointer on the
remote meter readout at the control console to 0.1 PPM.

C. The calibration and alarm adjustment procedure for the ozone detector
is attached.



il

CALIBRATION PROCEDURE

To ¢alibrate the Model GA-2TO, the following steps should be followed:
o "

A. FPour-Cycle Scale (RAM 1)

1. Before turning on the instrument mechanically reset the indicating meter
to mechanical zero by means of the adjusting screw on the meter face. Note: If
external recorder is used, it must be connected during calibration.

2. Refer to the diagram showing locaticn of controls before making any adjust-
ment. Turn on the instrument and allow 30 minutes to elapse before making any
test except to adjust the regulated B+ to 13.4V DC. Notes: ' Probes that have just
been assembled must be allowed to set 15 hours before attempting tQ calibrate.

3. Turn artificial background control counterclockwise until it rests against
stop. The artificial background control, when advanced clockwise, provides a small
amount of current to flow through a #344 lamp, located at the photo-cathode surface
of the 6655 tube, to keep the lampdimly lighted. The lamp provides the up-scale
reading in addition to providing an up-scale check of the instrument operation.

4. Connect a high voltage meter (negative to the violet stand-off located on
the probe amplifier, positive to gnd) and observe the drop in high voltage when a
source corresponding to the lowest indicated level is applied to the probe. This
drop should be 80 to 120 volts. 1

5. Four adjusting points are used to calibrate a 4-cycle GA-2TO: a ceramic
potentiometer which is used for level shifting, and three color-coded potention=
meters, which are:

brown =~ lowest indicated level adjustment (0.1 mR/hr) N

red - third cycle adjustment (100 mR/hr)
orange =~ fourth cycle adjustment ( 1 R/hr)

6. Present a 0.1 mR/hr source to the probe and adjust the brown pot until
the meter reads correctly. . i

7. With a 100 mR/hr source, adjust the red pot for the proéer meter value.

8. Using a 1R/hr source adjust the ceramic pot for a meter reading of about
1/4" up~scale from the 1R/hr point.

9. Using the orange pot adjust for 1R/hr meter tead;ng.

10. Repeat steps 7 and 9 until correct calibration is achieved.

11. Repeat steps 6, 7 and 9.

12. Check the calibration of the 1 mR/hr and 10 mR/hr points. If these points
read too high repeat steps 8, 9, 10, 11 and 12. If the first and second cycle points
read too low, then turn the ceramic pot counterclockwise a very small increment.

Using the crange pot and a 1 R/hr source, set the meter on the correct reading. Re-~
peat steps 6, 7, 2, 10 and 1l2.
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CALIBRATION PROCEDURE

B. Five-Cycle Adjustment (RAMs 2 and 3)
1, Same as steps l1-4 on four-cycle adjustmeqt.

- Using a %o mR/hr source adjust the brown.pot until the meter reads correctly.
3. Using 1 R/hr source adjust the red pot for the correct meter reading.

C. Calibration of Fail-Safe and Alarm System

The follcwing controls are used in the fail-safe and alarm calibration. Refer
to the location of the controls diagram before making any adjustment.

1. Alarm limit adjust.
25 Fail-Safe limit adjust.

With no source applied to the photomultiplier tube the fail-safe light will be on.

1. Turn the alarm’ level pot to 10, the alert level rot to 5 (if one is used),
and the fail-safe level pot to zero.

2. Ramove any artificial background source if used, or rotate artificial
background fully counterclockwise.

3. Push the up-scale check button and hold down.

4. Adjust the up-scale control until the panel meter reads at the beginning
of the low end of the meter scale. .

S. Rotate the low limit control until the yellow light is lighted. Move
the low limit control slowly in the opposite direction until the lamp extinguishes.

6. Turn up-scale check control until the panel meter reads 2.5 mR/hr on RAM 1
or 20 mR/hr on RAMs 2 and :C.

e Adjust the high limit control until the red lamp extinguishes. Rotate
the high limit control slowly in the opposite direction until the red lamp is
lighted.

8. - Repeat steps 3 through 7 until satisfactory calibration is achieved.

9. Adjust the up-scale check centrol until the panel meter reads just past
full scale.

10. Reposition the artificial background source if used, or turn the artificial
background control clockwise until a suitable background reading is obtained.



CALIBRATION PROCEDURE : e

II. To calibrate the BENDIX Model 8002 Ozone Analyzer, the following steps should
be followed:

A. Check the SAMPLE PLUS ETHYLENE flow rate to verify that the flow rate
meter indicates 28.5 mm Hg pressure. If necessary, adjust the SAMPLE PLUS
ETHYLENE needle valve to obtain the correct flow rate.

B. Place the MODE SELECTOR switch in the ZERO positionm.

C. Place the TIME CONSTANT SELECTOR switch in the 1 SEC position.

D. Slowly switch the FULL SCALE RANGE SELECTOR switch progressively down
scale, allowing the meter to settle at each positionm, until the switch is in the
.01 position.

E. Unlock the ZERO adjustment control and set it for an exact zero indica-

(:D tion on the 03 CONCENTRATION meter. Lock the ZERO adjustment control.

F. Place the FULL SCALE RANGE SELECTOR switch to the .5 position..

G. Place the MODE SELECTOR switch to the CALIBRATE position.

NOTE
Wait 15 minutes to allow
the unit's ozone generator
to stabilize.

H. Unlock the CALIBRATE adjustment control and set it to obtain an
03 CONCENTRATION meter indication of 68.

I. Lock the CALIBRATE ad justment control.
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LOADING AYXD UNLOADIXG PRCTEDURE FOR
,NPI RADIOACTIVZ SHIPPING CONTAINERS

Assuning container is in pool loacded with cobalt-60, the following
procedures must de Zollowed in loading tailer and unloading at other
end:

. l. Lower top cover in place making sure thau the gasket
is prooe*lj in place. .

2. Raise top of container to surface of pool, measuring
radiation level continuously, and install cover bolts.

(:) 3. Raise container completely out of water measuring
radiation level continuously and washing outside of
containar with demineralizeé water. Should radiation
level measure in excess oI 3 R/hr at contact, the
container shall be lowered dack in pool, the cover

‘removed, and enough cobalt removed to lower radiation
level to less than 5 R/hr.

If the surface radiation level is less than 5 R/hr, allow
containar to remain over pcol vatil there is no significant
amount of water dripping, then place in horizontal ;
position over drains at side of pool.

)

§. Place leaé-wire seal cn cover.

(:) 6. Connect demineralized water to veant openings and
flush container for one hour.

7. Remove water connection and connect helium to container
anc flush until gas appears 4ry.

8. Install cuick disconnect fitting, pressure gage, and
relief valve filter assembly. Pressurize in excess
of 45 psig and chneck reliei valve.

9. Vent ané pressurize to a minimum of 5 psig maximum
of 10 psig with Eelium through guick disconnect fitting.

10. Wipe outsida of container éry and smear for surface
contanination Allowable surface contamiration is
2200 DP. Decontanination is rsguired for activity

in excess of tihe above.

CANVEX -6



11,

12.

i3.
14.

15. .

16.
17.

18.

xe’sur;

?ill ou
on bdoth ends

801t conteainer to

:axi“un 2
te on shi :s*r;
1 ?/1' for ship=

- -
- e

®
-
-
-

om0
tr O ¢r

ivity 3 feet from container and
m.

Activity must be less than

Padioactive Group IIZ labels and place
of container.

trailer and install cage.

Measure naximum radiation level at the following
points:

a.
b.
c.

d.

Edge of

Edge of

cage.

-

.

trailer (must be less than 200 mr/hr).-’

.8ix feet from tailer (must be less than 10 mr/hr).

Tractor cab (must be less than 2 mr/hr).

Place DCT "Radiocactive” placards on rear anéd both

sices o2

Complete N2:

trailer

and on front of tractor.

"Radioactive Saipment” form.

Prior to departure of a radioactive shipment, the.

consigne

must b2 notified as to arrival date and tinme.

In acd‘*'cﬁ, the Maryland Radiological Health Authority,
hief (Telephone 301/383-3010) must be
notifiec by telephone and given all of the above
information plus the routing in Maryland.

Jdr.

While enrout2 the following must be checked at

Cozcras;

s.ops :

a.

b.

Tractor-trailer tires.

Container

hold éown bolts.

Container pressure.

Survey container and note

leve-a.

all

any changes in radiation

left vaat=ended at

L — - ——

-
- 3
alla

accept container

éastination, check in with consignee and




20. : Upon accep:tance by consignee:

21.

¢ 22.

23.

P K -u:
L -

~a. DOT Special Permit.

a. Renove cage.
b. Remove hold down bolts and containe:,,/”/’/
. o
€. Vent container through guick-disconnect into pocol.

Q. Brezk lead-wire seal on cover and remove bolts.

e. Remove relief valve, pressure gage, and quick
dxsconreca flttlngs.

£f. Lower into pool - remove lid and cobalt

Reﬂove container from pool and have facility Health
nysxcxsa conduct internal and external radiation
survey otf. co1ta1ner. .

Replace container cover, relief valve and pressure
gage. Remove DOT "Radioactive" labels and place
EMPTY" placard or sign on either end of container.

Remove or cover DOT "Radiocactive" signs on tractor-
trailer and load contazner and cage.

The ‘ol’ow1ng documents must be in NPI driver's possessxon
at all times during a radioactive shlpment.

b. AEC License and Cask or Container Analysis.
c. NPI "Radioactive Saipment" form.

d. NPI Cperating and Emergency Procedures for Radioactive
Shipments. '

e. Drivers daily log book (DOT).

f. Copv of latest revision 2% ICC Motor Carrier
Safety Regulations with accident forms.

g. Name, address, and tele,ncne nunber of consignee.



: DALE L. REPP
. l Manager, Field Services
Plant Superintendent .

£ - EDJCATION

"',, 1: weeks formal classes - National Bureau of Standards - 1965 - in health
,“'.' g Faysics. reactor physics and nuclear 1nstrumentation.

RS

,.}* 3 weeks training - Naval Research Laboratory Reactor - 1965 - in healtn
j,':.ff‘; Y physics and reactor operation. .

'r”-a %

2 weeks traimng Naval Research Laboratory 1965 - in hot cell Operatxons
with MTR type fuel element.s. - e . T

- '-s

.,.g‘ 'Tf.'".‘
':-.7\ PAt T

P

#,} ."' ‘. '3 credit hours in chem.is.ry, 3 credit hours in math 3 credit hours in
33.1;_:- ,,_-: - englneering graphics; 3 non crecht bours in physics, math and english - 1963,
&@ﬁx; % -
f;’: - ~j_ : zo weeks lnformal classes - 1966 in reactor systems and operating procedures.
i ek KAt ';;- i 1Y e
AN .-- &3
( e o rvard weeks courses - \tationa.l Bureau of Standa.rds - 1966 - in metal machine shop
e andweldi.nz. o - o
o _':\";':1: “' “.‘“ .

o g.. \

"+ EXPERIENCE

';:11'19.67-Pres‘ent - Neutron Products, Inc.

_.* " Initial cobalt-60 calibration and removal from Big Rock Point Power Reactor,
", Charlevoix, Michigan, Started construction of NPI pool facility. Decanning
"* and calibration of cubalt-50 sources at Westinghouse pool facility, Waltz Mill,
Pennsyn.'a.nin. Construction of NPI pool facility and liquid phase irradiator.
Tra.nspor‘ed 300,000 curies cobalt-60 from Waltz Mill, Pennsylvania to Dickerson,
VL : .'-\Iaryla.nd Initial loadingz and shield testing of liquid phase irradiator. Operation
o of liquid pbase-irradiator and pool storage facility, Second encapsulation of
' .. 250,000 curies cobalt-60 at IRL, Plairnsooro, New Jersey including loading and
“transfer in 30,000 curie lots in transfer cask from reactor storage p»ol to hot
cells. Operation of liquid phase irradiator and NPI pool facility. Construction

s " and operation of NP! dry package irradiator,. Construction of NPI hot cell, storage
e ‘canal and warehouse. Hot Ceil Supecvisor - encapsulation of 1,000,000 cuvies

.. eobalt-30. Plant Superintecdent - construction of second dry packause irradiator,
. Manager, Field Services - telctherapy source transiers - animal irradiator

Feo Fmmw o T NBUTRON PRODUCTS inc

“od
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DALE L. REPP »
Page Two '

1964-1967 - National Bureau of Standards, Gaithersburg, Maryland,

] Nuclear Eugineering Technician

- Assisted in chemical cleaning of the reactor primary systems; check out of
control systems and interlocks, and final assembly of reactor components,
Participated in testing and evaluation of heavy water diaphragm valves.

. Assembled a dummy core in the reactor vessel to simulate actual flow

* . conditions and facilitate testing of reactor control and shutdown systems.

o Responsible for debugging and testing of reactor emergency cooling systems,

* to insure that systems operated faultlessly and met written specifications.

* Check out of reactor purification system, shielding of the ion exchangers and
loadmg of the mixed bed into the I. X, vessels. Assisted in the assembly of
- work lists and schedules to insure the on time completion of reactor testing.

_‘ _“ :In addition, I performed routine maintenance on reactor systems and components
".s:as well as auxiliary and secondary systems. :

Bra B! ,, 3.-.‘5'?""""'1963-1964 - Blount Brothers Corporation, Inc., Montgomery, Alabama, bs ~

.
o

- . Assistant Field Engineer

Inferested in nuclear field while building reactor. Involved transit, level and

- stake-out for general building control. Building layout for excavating, '
- reinforcing steel and concrete form work. Included "take off" from blueprints

.

of architectural and structural materials, helped check out major reactor
components for "as built'" dimensions and in-place alignment. I coordinated
certain phases of field work with structural and mechanical sub-contractors
and helped schedule delivery of material.

1962-1963 Blake Construction Compar.y, Inc., Washington, D. C., Engineer's
. Helper - Instrument Man

3
<

Buildicg layout for excav:.tm;, reinforcing steel, and concrete form work,
Involved transit, level and stake-out work for general building control.

 1952-1962 - S. W. Jack Drilling Company, Avoamore, Pennsylvania

" Took strata samples and recorded operating data in loz books. Mechanieal
o 2

work consisted of prcvcgta'.?.ve maintenance and repair of diesel ad gas engines,
air compressovs, draw wotks, gear boxes, cabies ana rigging drums, turn
tables, sozp, gel and mud pumps, water pump: and other ngur.zuhc. 'md

.. pneumalic cqmp'nent. : ] Ve

. NEUTRON PRODUCTS inc



1958-1961 R. H. Iorningstar. mddleburz, Maryland

s
o

* DALE L. REPP
Page Three

/

| 1961-196" - Ralph William Stonesifer, Keyma=, Maryland

Mechanical work, repair of trucks, backhoes, and dozers. Field layout of

=% roadways. sewerage systems and conservation drainage.

3

g e ——

'—- General dali'y fa.rm worL. Insta.natlon and service of refrigeration units and
bulk m.ilk tanks
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Egglozer:

Duties:

Enulozer:

Duties:

Egglozer:

Duties:

RESUME
J. RICHARD DEMORY

L)
Neutron Products, Inc., 1967 to present

Design, construction, and operation of rain processing pool containing
megacurie quantities of cobalt-60.

Design and fabrication of special purpose underwater tools for handl-
ing, processing, and testing cobalt-60 sources.

Inventory control for mu1t1megacurxe cobalt- 60 inventory.

Shipping large quantities of cobalt-60 utilizing a series of NPI
designed casks licensed for from 120,000 to 600,000 suries.

Superintendent on building and radiation facility construction when
NPI acts as general contractor.

Previously had responsibility as health physics technician in multi-
megacurie cobalt-60 facility, operated radiation sythesis chemical
processing plant, and hot cell operator.

Justrite Homes, 1966-1967

Mason Foreman

Craftsman, 1964-1966

Bricklayer

NEUTRON PRODUCTS



™

()

J /
ISOTOPE FANDLING EXPERIENCE
NAME: J. RICHARD DEMORY
Where Lxperience Duration of
Isotope Maximum Amount ~ Was Gained ; ‘Experience Typc of Use
Cobalt-60 5,700,000 curies Neutron Products 1967-1977 Storage, handling and
: shipping
Cobalt-60 50,900 curies Dow Corning 3 days Loading and/or unloading
shipping cask
Cobalt-60 10,000 curies Univ. of Michigaa 1 day Loading and/or unloading
shipping cask
Cobalt-60 200,000 curies Gamma Processing 2 davy Loading and/or unloading
shipping cask
Cobalt-60 200,000 curies Industrial Reactor 3 days Loading and/or unloading
Laboratories shipping cask
Cobalt-60 300,000 curies Battelle Memorial 20 dzys Loading and/or unloading
Institute : shipping cask
Cobalt-60 200,000 curies Atlantic Richfield - 4 days ~Loading and/or unloading
Company’ shipping cask
Cobalt-60 200,000 curies Radiation Machinery 2 days Loading and/or unloading
shipping cask
Cobalt-60 100;000 curies .American Novawood 2 days 'Loading and/or unloading
shipping cask
Cobalt-60 1,500 curies Massachusetts General 2 days Load telethérapy source
Hospital




-

COMPANY: NEUTRON PRODUCTS, INC, : «

- NAME: J. RICHARD DEMORY

Duration On_Job Tormal Course
Type of Training Where Trained of Training .| Yes No Yes No

1. Principles and practices Neutron Products 9 years X X
of radiological health
safcty

2. Radioactivity measurements |Neutron Products 9 years - X X
standardization and moni-
toring techniques and in-
struents

3. Mathematics and cnlcula- Neutron Products 9 years X X
tions basic to the use and
measurement of radioactiv-
ity '

4. Biological cffects of radi-|Neutron Products 9 years X X
ation

5. Actual use of radioisotopes|Neutron Products 9 years X X
in the types and quantities '
for which application is
being made, or equivalent
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SUPPLEMENT #1

ivem 8B, Form NRC-3131, Description of Cobalt-60 Sources

1. General Infcrmation: Each of the doubly encapsulated sources is corprised
of a type 304L stainloss stecl tube containing a Model NPI 12CC5 clad wire
coil of Cobalt 60. The outer capsule has stainless steel end caps and is
sealed by TIC welding. The clad wire coil itself constitutes a singly encap-
sulated source. It consists of & cubalt wire approximately .060 inch in
diameter which is contained within a stainless steel tube having an outer
diamcter of approxiamtely .072 inch. The contained wire is scaled at both
ends by TIG welding, *nd then wound into the shape of a coil prior to
irradiation. It is subjected to an acid leak test prior to irradiation, and
suhsequent. to irradiation i: is subjected to a corrosion test and is also
smeared to assure .that cladding integrity has not been violated.

2. Specific Information® a. In addition to the informatior provided in
Item 8§ of the inclcsed Form NRC 313I, the USNRC publication entitled "Guide-
Information to be Submitted Concerning Sealed Sources Containing Radioactive
Materials'" solicits addirional information coacerning the radioisotope, con-
struction, prototype tests, quality control and labeling data. Since all
source specification drawings, construction specifica.ions, prototype testing
specifications, and quality control specifications are considered to be
proprietary information by Neutron Products Inc., it is requested that the
USNRC glean specific information concerning Neutron Products Inc, Model 12CCS
single encapsulated source, which has been double encapsilated in accordance
with NPI's Procedure P2, from the USNRC Sealed Source/Device Catalog. This
method of presenting required proprietary information was approved by the
USNRC during the review of the initial license request application.

b. Since the sources and source holders are stored ¥nder water, it would
not be effective to attach labels which pre:zent the information required by
the USNRC "Guide" to either the sources or the source holder. Consequently,

a label which identifies the isotope, gquantity of isotope, date of measure-
ment, manufacturer's trademark, and contains the words '"Caution - Radicactive
Material,'" and the radiation symbc! will be attached to the entrance door of
the Cobalt-60 Facility Exposure Room. Attached as Annex 1A to this supplement
is a facsimile of the label to be used.
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SUPPLEMENT #4

Item 10, Form NRC 313 I, Radiation Detection Instruments.

Pdrtable Instruments

TYPE MANUFACTURER

Nuclear Measurements Corp.

Proportional
G-M Ludlum Measurements Inc.

G-M Victoreen
G-M Victoreen

Ion Chamber Victoreen

Scintillation Eberlins instrument

Ion Chamber Nuclear Chicago

G-M Eberline Instrument

Arca/Resin Bed Monitors

Scintillation Nuclear Measurements Corp

Scintillation Nuclear Measurements Corp
Scintillation Nuclear Measurements Corp

Scintillation Ludlum Measurements Inc.

RADIATION

MODEL # DETECTED

PC-4 Alpha, beta
Model 2 Beta, gamma

Thyac II,
Model 489

Alpha, beta,
gamma

Thyac III,
Model 490

Beta, gamma

Model 440-RF Gamma

Gadora-1B Gamma

Model 2592 Gamma, beta

Teletector 6112B Gamma, beta
Model GA-2ZTO
Model GA-2TO
Model GA-2TA

Model 44

SENSITIVITY
RANGE

0-3.5 x 10° cpm
0.1-50 mR/hr

0.05 - 20 mR/hr
S0 - 800 cpm

0.05 - 200 mR/hr

1 - 300 mR/hr
1 - 1000 R/hr

0.5 - 1000 mR/hr
0 - 10 mR

0.01 - 10° mR/hr

0.1 - 1000 mR/hr

1.0 mR/hr - 100 R/hr

0.1 - 1000 mR/hr

0.02 - 20 mR/hr




Supplement #4 continued

Item 11, Form NRC 313 I, Calibration of Instruments

Portable instruments are calibrated quarterly by Rad Services, Inc., as indicated
on Form NRC 313 I. A certificate of calibration by a NBS traceable source is
issued by Rad Services and kept on file in the HDL Safety Office. Sources

listed below are available for constancy checks.

Remote Area and Resin Bed Monitors permanently installed in the Gamma Radiation
Facility are calibrated at periods not to exceed three months. Instruments are
placed a known distance from a known source. Calculated values at various
distances from the known sources are compared with the observed meter response.
The following sources are available for calibration and constance checks:

a. 1 Co-60 source, 12.3 mR/h at one meter, 26 Jan 1961 (NBS calibrated)

C;) b. ' 1 Co-60 source, 1.07 mR/h at one meter, 26 Jan 196i (NBS calibrated)

c¢. 1 Co-60 source, 2.58 mR/h at one meter, 30 Nov 1972 (US Army calibrated)

d. 1 Cs-137 ¥ , 32.6 R/h at one meter, 2 Mar 1970 (AFRRI calibrated,
i traceable to NBS)

e. Radium (DSE) check source obtained from the National Burcau of Standards
approximately 28,000 counts/min alpha, plus beta, 23 Mar 1962.

See Supplement #6, Annex 6-F for calibration procedure.



SUPPLEMENT #5

Item 13, Form NRC 313 I, Facilities and Equipment,

1. Area Description and General Features of Facility Construction.

a. Facility Loca’ .on and Structural Characteristics. The Cobalt-60 Gamma
Radiation Facility is comprised of four rooms which are located in the Building
504 Radiation Facility at Harry Diamond Laboratories (liDL), 2800 Powder Mill
Road, Adelphi, Maryland. Plan/elevation drawings which characterize the
construction of the Radiation Facility and the surrounding area were presented
in the initial application as Figures 5-1 through 5-33. Figure S5-1 was included
in order to indicate the geographical location of the HDL Radiation Facility and
its relationship to the surrounding Washington, DC suburban area. Figures 5-2
through 5-4 were inciuded in order to present a more detailed ove?view.of the
HDL complex and provide topographical information about the area 1mmedxate}y
surrounding the Radiation Facility. Figures 5-5 through 5-33 are the archi-
tect's drawings/specifications from which the Radiation Facility was constructed.
The entire building is classes as a '"noncombustible construction" type structure
as defined in the National Fire Codes, Volume 9, Part 220, published by the
National Fire Protection Association in 197S.

b. Location of Cobalt-60. Within the Building 504 Radiation Facility are
the four rooms which comprise the Cobalt-60 Gamma Radiation Facility. These
rooms are numerically designated on Figures' 5-5 through 5-33 as follows:

Room 2 {s the Exposure Room in which all of the cobalt-50 source elements will
be used and stored. Room 4 .is the Control Room from which the source elevator
{s remotely controlled. Room 1 is an entrance maze which connects the Exposure
Room to the Control Room. Rocm 9 is a Mechanical Equipment room which houses
the Cobalt-60 elevator drive mechanism and Exposure Room air handling equip® _
ment. The cobalt-60 source elements will always be stored at the bottom of the
water-fillad cylindrical pool which is located in the Exposure Room, except

when they are raised above the surface of the pool water via a remotely con-
trolled source elevator. The dimensions of Rooms 1, 2, 4, and 9 are presenced
in Figures 5-5 and 5-7.

-

¢. Radiation Shielding. The Exposure Room (Rm. 2) and the source storage
pool located therein are designed to provide personnel protection from the
lonizing radiation emanating from a 40,000 curie cobalt-60 source. The pool is
designed to provide 11 feer of deionized water shielding over the sources when
they are located at the bo:icom of the pool. As illustraced by Figure 6-1 of
Supplement 6, this amount of shielding will reduce the exposure rate at the
surface of the pool to less than 0.25 mR/h. Details concerning the construction
of the pool are presented in Paragraph 2.a of this supplement. For {n-air
irradiation, the Exposure Room walls are designed for a maximum transmitted
exposure rate of 0.5 mR/h to the unrestricted areas external to the Exposure
Room; the roof is designed for a maximum transmitted exposure rate of 10 mR/h
at the roof surface external to the Exposure Room and the entrance maze is
designed for a maximum transmitted exposure rate to the maze door of less than
0.25 mR/h. The Exposure Room floor, regolith upon wHMich it rests, and the

extension of the Exposure Room walls well into the earth serve to shield the
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Supplement No. 5 continued. S, : ' . .

building and grounds areas external to the Exposure Room from exposure rates

in excess of 0.25 mR/h. Since all shielding calculations involving the use of
concrete were Lased oa che assumption that the concrete would have a density

of 147 pounds per cubic foot, random pour-samples were analyzed. All samples
were found to meet or exceed the assumed density. Figures 5-5 and 5-7 present
information concerning the thickness and composition of the radiation shielding.

'd. Radiation levels. The Cobalt-60 Camma Radiation Facility shielding is
designed to limit the exposure rate to "unrestricted areas" in and around the
building to 0.5 mrem per hour. This level of exposure satisfies the requirement
for "unrestricted areas" as defined in Title 10, Chapter 1, Code of Federal
Regulations, Part 20.

(1) Exposure Room. Since in-air exposures require that the’cobalt-60
source elements be raised from the pool via the source elevator, the source
elements will be located 6 feet from the east and west walls, 28.33 feet from
the north wall, 14.5 feet from the south wall and 8.5 feet from the ceiling.

For purposes of in-air exposure calculations presented belcw, it is assumed that
32 source elements, containing a total of 40,000 curies of Co-60, are arranged
in a circle with a radius of 14.49 centimeters, and raised via the elevator to

a height of 5.5 feet from the Exposure Room floor. The list of references used
to perform the following analysis is found in paragraph 1d(3) of this supplement.

(a) East and West Walls. According to Reference 1, page 7-71, the source-
shield gecmetry for the east and west walls requires the use of "point isotropic"
build-up factors in order to“calculate the attenuation provided by the concrete
walls, This determination is made as follows:

a _JPut +1 ;

<

If d-t ut and d > t, use "plane collimated" build-up factor. If
both conditions are not true, use "point source" build-up factor.
d = distance from source array to shield = 182.%8 cm :
a4 = maximum radius of source array, measured perpendicular to d = 14.49 cm
t = shield thickness = 152.4 cm
u = linear attenuation_coefficient for 1.25 MeV photons in concrete of
density 2.35 gm/cm3 = 0.1332 cm”! (Reference 1, page 7-62)
d>t =182.88 cm » 152.4 cm (condition satisfied)
a <J2ut + 1 - 14.49 ¢cm <J2(.1332)(152.4 em) +1
Jdet ut (182.88 cm) - (152.4 cm) (0.1332 cm~1) (152.4 cm)

0.4754 « 0.3177. Since the second condition i{s not satisfied,
one should use point isotropic source build-up factors for east and west shield
wall attenuation calculzations.

Use of Capo's formula for a "point source” in an infinite medium, presented in
Reference 2, page 213-217, yields a conservative build-up factor of 62.4 for
1..25 MeV photons passing through 152.4 cm of ordinary concrete with a density of
2.35 gm/cmd. (uX = 20.30 mean free path lengths)

2 12912
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Suppleﬁent No. S continued,

The attenuation factor "Ap" required to reduce the exposure rate from 40,000
curteslof cobalt-60 to 0.5 mR/h is A = I/Io = b exp(-uX).

Io:= original exposure rate to unshielded external wall surface
‘2r I'I=-attenuated radiation exposure rate due to shield

u .= linear absorption coefficient (0.1332 cm” 1y

X .= shield thickness (152.4 cm concrete)

b .= build-up factor = 62.4

1 ‘. \ 2
o = 31? ) x (40,000 C1)(1.32 R/h at 1 meter/Ci) = 4.695 x 103 R/h

Required attenuation factor for "unrestricted areas": Ap

AR='——=05mR/t/<695~<10

Attenuation factor provided by 152. 6 cm of concrete =

- -uX
AP bG -

6 ®/h _ 19,65 x 108

A = (62.6) (e -(0.1332 cm-l)asz 4 em)y = 62.4(1.527 x 10°9)
: = 9,53 x 10~8

Stnce A, ¢ A (fe, 9.53 x 10°8 < 10.65 x 1078) the shielding for both the

east and west walls in the worst case is adequate to reduce the exposure rate
at the "unrestricted area" side of the walls to <0.5 mR/h.

(b) North Wall. According to Refereace 1, the source-shield gecmetry for
the north wall requires the use of 'plane collimated" build-up factors in order
to calculate the attenuation provided by the north wall. This determination is
made by employing the same procedure illustrated in paragraph 1d(l)(a) of this
supplexent. ‘ :

d >t =863.6 cm > 137.16 cm, (condition satisfied)

a /2ot +1 .14.49 cn 2001332 emHy (13716 em) + 1
d-t ut (863.6 cm)~-(137.16 cm) (0.1332 cm~1)(137.16 cm)

0.020 < 0.335. Since this condition is also satisfied, one should use
"plane collimated" build-up factors for north wall shield attenuation calculations.

Conservative interpolation of Figure 4.3-24 in Reference 2, page 222, yicfds a
build-up factor of 17 for a broad parallel beam of 1.25 MeV pnotons passing
through 137.16 cm (uX = 18.28 mean free paths) of ordimary conciete.

The attenuation factor "A," required to reduce the exposure rate from 40,000
curies of cobalt-60 to 0.5 mR/h is found via the method described in paragraph
1d(1) (a) of this sup.lement.

.

g%
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2 .
o .(.%-_g%’_) (40,000 CH) (1.32% at 1 meter/Ci) 5,270 x 102 R/h

Required attenuation factor for "unrestricted area" = AR

Ag = -Ilo- = 0.5 mR/h/5.269 x 10% mR/h = 9.489 x 10~7
|

!
{Attenvation factor provided by 137.2 cm of concrete:

Ap =p e X

-1
A =17¢-0-1332 @32 @) o100 104 108
P =1.967 x 10~7

Since < AR\(ie, 1.967 x 10~7 < 9.489 x 10'7) the shielding for the north
wall in the worst case is adequate to reduce the exposure rate at the "unre-
stricted area" side of the wall to <0.5 mR/h.

(¢) South Wall. According to Reference 1, the source-shield geometry for
the south wall requires the use of "plane collimated" build-up factors in order
to calculate the attenuation provided by the south wall. This determination is

made by employing the same procedure illustrated in paragraph 1d(l)(a) of this
supp lement.,

d >t =4641,96 cm > 152.4 cm, (condition satisfied)

4 <J2ut +1 _14.49 cm <J£i0.1332 em™1) (152.4 cm) + 1 i
d-t ut (441.96 cm)-(152.4 cm) (0.1332 cm~1) (152.4 cm)

0.05 € 0.3177. Since this condition is also satisfied, one should use
"plane collimated" build-up factors for south wall shield attenuation calculations.

Conservative Interpolation of Figure 4.3-24 in Reference 2, page 222, yields a
build-up factor of 20 for a broad parallel beam of 1.25 MeV photons passing
through 152.4 cm (uX = 20.30 mean free paths) of ordinary concrete.

The attenuation factor "Ag" required to reduce the exposure rate from 40,000
curies of cobalt-60 to 0.5 mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

2
Io =629-_25_8,l (40,000 curies)(1.32 R/h at 1 meter/Ci) = 1.494 x 103 R/h

Required attenuation factor for unrestricted area = AR

Ag = "116' = 0.5 mR/h/l.A% x 108 ™R/h = 3 347 « 1077

. Attenuvation factor provided by 152.4 cm of concrete:
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Supplement No. 5 continued.
|
Aﬁ =p "X
1

A{ - 20 e -(0.1332 ca™l) (152.4 cm) . 2001.527 x 10°9
| = 3,055 x 10~8

Since < Ag (ia, 3.055 x 10°8 < 3.347 x 10'7) the shielding for the south
wall in the worst case is adequate to reduce the exposure rate at the "unrestricted
area" side of the wall to <0.5 mR/h.

l|

f kd) Roof. The roof over the Cobalt-60 Gamma Radiation Facility Exposure
Room is a "restricted area'". Persomnel access to this area is not permitted
during ‘periods when in-air irradiation are in progress. Consequently, an
exposure rate of 5 mR/h at a distance of 6 inches from the outer surface of the
Exposure Room roof shield slab is considered adequate.

According to Reference 1, the scurce-shield gecmetry for the roof requires the
use of "plane collimated" build-up factors in order to calculate the attenuatiom
provided by the roof. This determination is made by employing the same proceduras
illustrated in paragraph 1d(l) (a) of this supplement.

d >t = (213.36 cm) > (121.92 cm), (condition satisfied)

a <./zu: *1 =« 16,49 em <2F@.1332 em™1)(121.92 em) +1 o
d-t ut (213.36 cm)=-(121.92 cm) (0.1332 cm~1)(121.92 cm)

0.158 < 0.356. Since this condition is also satisfied, one should use "plane
collimated" build-up factors- for roof shield attenuation calculations.

Conservative interpolation of Figure 4.3-24 in Reference 2, page 222, yields a
build-up factor of 15 for a broad parallel beam of 1.25 MeV photons passing
through 121.92 cm (uX = 16.24 mean free paths) of ordinary concrete.

The attenuation factor "AR" required to reduce the exposure rate from 40,000
curies of cobalt-60 to S mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

<3 .28 )2 (40,000 curies)(1.32 R/h at 1 meter/curie) = 3.361 x 103 R/h
Required attenuation factor for 5 mR/h "restricted area" roof = Ag

Ag = '115' =5 mR/h/3.361 x 105™R/h = 1 488 x 1076

Attenuation factor provided by 121.92 c¢cm of concrete:

- -uX
Ap b e

-1 -
Ap = 15 e -(0.1332 cm ) (121.92 cm) = 15(8.873 ¥ 10‘8)
" = 1.332 x 1076
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Supplement No. 5§ continued. ’ 4 . !

lSince Ap < Ag (fe, 1.332 x 1078 < 1.488 x 10'6) the shielding for the roof
in the worst case is adequate to reduce the exposure rate at 6 inchas past the
external surface of the roof shield slab to <5 mR/h.

1

!(e) Floor. As illustrated on Figure 5-7, all Exposure Room walls extend
well past the floor into the soil. This structural characteristic serves to
shield personnel located outside of the Exposure Rocm from scattered photons
which have passed through the floor during in-air irradiations. Since the
north wall of the Exposure Room extends the shortest distance into the soil,
less shielding is provided by the soil in this area than in any other. Conse-
quently, the following analysis presents the '"worst case'" situation.

The shortest distance hetween the exposed source and a point beneath the north
wall where a scatter angle of 30° exists is (18' air + 14°' soil) = 32 feet.

Since the density of the sandy soil on which the facility is built is approxi-
mately equal to concrete, a conservative estimate of the soil build-up factor
is obtained by extrapolation of Figure 4.3-24 in Reference 2, page 222. For
1.25 MeV photons passing through 426 cam of soil (WX = 60 mean free paths) a
build-up factor 300 is chosen.

The mass attenuation coefficient (u/p) for sandy soil is determined by using the
weighted average method presented in Reference 2, page 172. The chemical compo-
sition of the soil necessary for the determination of u/p was obtained from
Reference 3. The value of u/p obtained via this method = 0.05695 cmz/gm. The
density of the sandy soil used for the determination of u/p is 2.471 gm/ca3.

The attenuation factor "AR" required to reduce the exposure rate from 40,000
curies of cobalt-60 to 0.5 mR/h is found via the method described in paragraph
1d(1) (a) of this supplement.

32!

I - 0.5 mR/h =9.,01 x 10~7

2
¥
o = <;43§%> (40,000 curies)(l.32 R/h at 1 meter/ci) = 5.55 x 102 R/h
AR-
Io  5.55 x 105 si/h

Attenuation factor provided by 426 ca of soil:
Ap =b "X '
Ap =300 e = 2.79 x 10724

Since < Ag (ie, 2.79 x 10"24 < 9,01 x 10°7) the shielding provided by the
soil in the worst case is adequate to reduce the exposure rate to well btelow
0.5 mR/h before the photons can pass from the scatter point beneath the wall to
any point exterior to the building.

=(0.1407 cml) (426 cm)

(f) Exposure Room Entrance Maze. As illustrated on Sketch 5-1, the maze
leading from the Exposure Room to the Control Room present a path for gamma
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!

radiation, originating at the source elevator, which contains 3 right-angle
bends. In order to conservatively calculate the exposure rate to the maze-side
of thﬁ maze entrance door, the data presented in Reference &4, page 73, will be
used. l ;

The concrete walls, ceilings, and floor of the Exposure Room and Maze are in

excess of 2 mean free path lengths thick (5.9 in.), and therafore are treated

as being infinitely thick reflectors of 1.25 HeV cobalt-60 garma photons. This

assumption is supported by Reference 5.

| >

Since éhe maze contains three right-angle bends and both the calculated and

measured dose rates (D/Do) (104) given in Reference 4, Table II, are for two-

' legged koncrete ducts, the maze will be treated as a combination of 2, two-

VA) legged duct arrangements, connected in series. The dose rate at point P2,
resulting from the cobalt-60 source located at point P, is calculated. Then

the dose rate at point P3 is calculated using the dose rate at the point Pp as

the source of gamma radiation. Since the gamma photons at point P2 will be

| primarily the result of Compton interaction and the data given in Reference &,

: Table IT is based on cobalt-60 source emitting photons with a mean energy of

: 1.25 MeV, the dose rate calculated for point P3 will be.conservative. In

i addition, the dose rate values extracted from Table II for this analysis will
be greater than encountered in the actual maze due to the fact that the duct

¥ dimensions corresponding to the exposure rate values in Table 11 are chosen for

’

!

i

smaller values of W, smaller values of L}/W and smaller values of L3/W than are
encountered in the actual maze.

In addition to the symbols presented om Sketch 5-1, the following notation will
be used in the calculations: Dy = dose rate at’l foot from the source

' D = dose rate at a point located in the second
2y leg of a two-legged duct (ie, Py and Pj3)
-

1 Do (point P1) ==<;i2§ 2(4.0 x 10%ci)(1.32 R/h at 1 meter per Ci)
= 5.68 x 10° R/h
D at point P2: Value of (D/Do x 104) selected using Table II data for

Terrell's work which involved the use of a 3.67 Ci Co-60 source in a duct with
specifications W = 6', L3/W = 2.0, and L2/W = 3.17.

D/(Do x 10°%) = 0.203 & D = (0.203) (Do) (10°%) .
= (0.203) (5.68 x 10° ®/h) (107%)
= 11.53 R/h at point P,

g D at point P3: Using the dose rate calculated above at point P, as the
origin of the gamma radiation one may conservatively calculate the dose rate at
point P;. The value of (D/De x 10%) is selected using Table II data for

- Chapman's work which involved the use of a 2.4 Ci Co-60 source in a duct with

: specifications W = 3', L1/W = 2, and Lp/W = 1.67.

-
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Supplement No. 5 continued.

D/(Do x 10°%) =5.95 5. D = (5.95) (Do) (10-%) ' . i
S = (5.95) (11.53 R/h) (1074
=6.9 x 1073 r/h at point Pj

Consequently, assuming air attenuation to be negligible, the dose rate at the
center of the maze-side surface of the maze doors will be approximately:

_ Iodo® _ (6.9 x 1073 R/h) (2.5")2

42 (10hH2 (109

I, = 0.43 =R/h

(g) West Wall of Maze, Since the dose rate at the point Py (shown on
Sketch 5-1) is calculated to be 11.53 R/h, this value is used to evaluate the
adequacy of shielding provided by the west wall of the maze. The most probable
energy of the cobalt-60 gamma photons scattered through an angle of 90° as a
result of a single collision is 0.362 MeV according to Reference 6, page 59.
The mass attenuation coefficient from Reference 1 for 0.5 MeV gamma photons in
concrete will be used in the following calculations. The dose rate at the
outside surface of the west maze wall without shielding = Io.

Lo = 11.53 R/M 192 L 5 49 x 10°2 ’/h
(14.49")2 :

The shielding factor required to reduce the expousure rate at the outside
surface of the west maze wall = Ag,

Ag = 1/To = 0.5 sR/h/54.9 aR/h = 9.11 x 1073

The shielding‘factor provided by the west maze wall (61 cm of concrete) =
Ap = b e X
"p'" for 12.5 mean free path lengths in concrete =15 Enote uX = (0.2045) (61 em)=
12.47] from interpol “ion of Figure 4.3-24 in Reference 2, page 222.

g -1
e (2045 ™61 @) | g g g0

Since Ay « Ag (ie, 5.73 x 1075 < 9.11 x 1073) the shielding for the west wall
of the maze is sufficient to reduce the dose rate at the "unrestricted area" side
of the wall to <0.5 mR/h.

(h) Maze Scatter Shield. Since the dose rate at the point P, (shown on
Sketch S-1) is calculated to be 11.53 R/h, this value will be used to evaluate
the adequacy of shielding provided to the Control Room by the maze scatter
shield. As in the analysis presented in paragraph 1d(1)(g), it will be assumed
that the gamma photons have an initial energy of 0.5 MeV.

Shield factor required to reduce the dose rate at the maze-side of the maze
entrance door to 0.5 mR/h is Ag.
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' = (11.53 R/M) ()2 | -1
Io TR 1.6 x 10™* R/h

Ay = 1/T0 = 0.5 aR/h/160 =R/h = 3.125 x 1073

Th; shielding fa<tor provided by the maze scatter shield is Ap = b o™X,

,?Bh for 9.4 mean free paths in concrete & 10 [note uX = (0.2045 ca~l) (45.7 cm) =
59;35] from interpolation of Figure 4.3-24 in Reference 2, page 222,
' S -1
IApl 10 e -(-2045 ca™l) (45.7 cm)
(Since Ap < Ag (fe, 8.73 x 107% < 3.125 x 1073) the shielding provided by
the, maze scatter shield is sufficient to reduce the dose rate at the maze-side
of the maze entrance door to less than 0.5 sR/h. Consequently, the dose rate

at the Control Room side of the maze entrance doors will also be less than
0.5 mR/h.

=8.73 x 107%

(2) Exposure Room Shielding Penetrations

(a) Exhaust Ventilation Duct. The exhaust ventilation duct penetrates

.the Exposure Room roof slab at a location near the south wall., As illustrated
‘on Figures 5-7, 5-12, and Sketch 5-2, the exhaust duct is designed to provide

shielding for both direct and scattered jamma radiation emanating from the
cobalt-60 sources when they are utilized for in-air irradiations. All primary
cobalt-60 gamma photons enteging the '"radiation trap" will be attenuated by a
minimum of 46 inches of concrete. This amount of shielding is sufficient to
reduce the exposure rate at a distance of one foot from the external surface of
the "radi{ation trap" to less than 5 mR/h. The following "worst case" analysis
assumes that the path of primary gamma photons is through 4 inches of the corner
11p of the first right-angle bend in the duct prior to impinging on the south
shield wall of the "radiation trap".

2
- .(?;%g%) (40,000 Ci)(1.32 R/h at 1 meter per Ci) = 8.403 x 102 R/h

Attenuation required to reduce the exposure rate to 5.0 mR/h at a distance
of 1 foot from the external surface of the shield = Ag.

Ag = /1o =5 mR/h/é.603 x 105 =R/h = 5.95 x 1076

Attenuation provided by the concrete shield for 1.25 MeV gamma photons = AP.

Ap-be-ux

"b" for 15.5 mean free paths = 30 (conservative estimate from Table 43.3-7,
Reference 1, page 224 for cos 8 = 0,75)

Ay = 00) o -(0-1332 ea™) (116.84 a) - 5 226 x 1076

9
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Since A, ¢ AR (ie, 5.226 x 1078 < 5.95 x 10-6) the "radiation trap" .
shielding for primary garma radiation from a 40,000 curie cobalt-60 scurce is
sufficient to reduce the exposure rate to less than 5 mR/h at a distance of
one foot from the external surface of the "radiation trap". '

{ 1
A conservative estimate of the exposure rate at the exhaust point of the
ventilation duct which passes throughthe "radiation trap" is obtained by using
the data presented by Green in Reference 4, Table II and assuming that the
exposure rate at the Exposure Room side of the duct is due to primary cobalt-50
gamma photons from a point source. In order to use the data in Reference 4, it
will be assumed that the width (W) of the "radiation trap" duct is 9.47 inches
instead of the actual dimension of 34 inches. The exposure rate value calculated
assuming a 9.47 inch duct width will be increased by a factor of 3.59 in order to
estimate the total exposure rate from the 34 inch wide duct. Use of this method
effectively increases the primary and multiple surface scatter areas by 767%.
Since, according to Reference 4, the primary scatter areas contribute 42% and
the multiple surface scatter contributes 327% of the total dose in the second leg
of a two-legged duct, the final exposure rate estimate will be approximately
56% high. 1In addition, the dose rate values selected from Table II are values
which represent a worst case estimate. The '"radiation trap" will be treated as
a combination of 2, two-legged ducts connected in series. With references to
Sketch 5-2, the dose rate at the point Py resulting from a cobalt-60 source
located at point Py is calculated. Then, the dose rate at point Py is calcu-
lated using the dose rate at the point P, as the source of gamma radiation. .
Although the energy of the cobalt-60 gamma photons traveling from point Py to
point P3 will be degraded from previcus Compton interactions, it will be
assumed that they have an energy of 1.25 MeV. This assumption will also result
in a higher calculated dose rate at the exhaust point than will actually be
encountered.

Data for First 2 Legzed Duct Section Data for Second 2 lecged Duct Section
L =18" Ly = 54"

Lz =1 28" M = 520'

W = 9.47" W = 9.47"

Ly/W =1.90 L3M = 5.70

Ly = 2.9 /M = 5.49

®/Do) x 10%) value selected: 66.0 - (D/D9 x L 0%) value selected: 2.34

Exposure rate at point Py = Do

i 3.28')2 (5.0 x 10% €1) (1.32 R/h at 1 meter per Ci) = 1.966 x 103 R/h
17 |

(66) (Do) (107%) X 5
(66) (1.966 x 10 mR/h)(lO- )
1.297 x 10%R/h

Dose at Point P, = D/(Do x 10™% = 66 . D
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Supplement No. 5 continued. e : PORT R
| . : 3
Dose at Point P, = D/(Do x 10”4 = 2.34 % D = (2.34) (Do) (10~%)

= (2.34)(1.297 - “%mr/h) 0.0°%)
= 3.035 =&/h |

— - -

Conservative estimate of the exposure rate at the exhaust point of the
ventilation duct (point Pg): (3.035 mR/h/section)(3.59 sections) = 10.9 mR/h

t ' .

(b) Elevator-Drive Cable-Ducts. Figures 5-18, 5-19 and Sketch 5-3 illus-
trate the wall penetrations between the Exposure Rocm (Rm. 2) and the Mechanical
Equipment Room (Rm. 9) which serve to provide a path for the source-elevator
drive-cables. Both cable-ducts are also pathways for scattered gamma radiation-
streaming during in-air irradiation procedures. The following determination of
exposure rate in the Mechanical Equipment Room is based on the assumption that
40,000 curies of cobalt-60 is raised by the source elevator to an in-air
irradiation position 5.5 feet above the Exposure Room floor. Due to the loca-
tion of the two cable-ducts, it is also assumed that all gamma photons passing
through them have a reflected flight-path which is approximately parallel to
the axis of the cable-duct. In order to estimate the exposure rate in the
Mechanical Equipment Room from scattered gamma radiation streaming through the
cable-ducts, the differential dose albeds formulas anc constants presented in
Reference 7 will be used. Sketch 5-3 is annotated to define the reference
points used in the calculations. Since this represents a '"worst case" analysis,
only the lower cable-duct is considered.

Formulas Used

dp = Do = d Cos 8,dA (Ref .7)
- 4
2
Where: dp = differential dose at point of interest due to scatter
Do = dose in incident beam at area dA
r3 = distance from scatter area to point of interest
8, = polar angle of incident radiation

dA = differential area of reflecting surface
«d = differential albedo

wd = C K(Bs) 1028 +¢'  (Ref 7)
1 + Cos 8, sec 8

Where: C & C' = Parameters for semiempirical formula given in Ref 7,
Table 1, for 1 MeV photons.
K(Os) = Klein-Nashina value of the energy scattering cross sectien
per electron depending on the scatter angle 8¢ [ie, (Photon
scattering .ross section) x (ratio of scattered to incident

energy
6, = polar angle of incident radiation
(5] = polar angle of reflected radiation

11
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=
"

(Ref 2)

ER— - g—— S 2

=0
1 +(Eo/0.511) (1-Cos 8g)

Where:

E = energy in MeV of photon after one Compton scatter
Eo = energy in MeV of photon before Compton scatter
9. = angle through which the photon is scattered

1

Differential dose at point Pg resulting from gamma photons reflected
parallel to the cable duct axis at pcil: Pz.
‘I

E =1.25 MeV = 0.219 MeV
' T +(@.25 Hev/0.51D) (1-Cos 1319) -

-24 cm? 0.219 MoV -26 cm2
0.2 x 10 e~ ) 5 =
K(8g)=(0.2 x e Ty ? " 35x10 o

‘«d = (0.0547) (3.5 x 10726y (10%%) + (0.0111)

= -1
1 + (Cos 499) (sec 0°) Vilsl aw

dD at Pg = (6.87 x 103 R/h) (0.122 sr=1) (0.660) (5 cm?)
(518 cm)Z

=1.03 x 10”2 R/h

Differential dose at point Pg resulting from gamma photons undergoing one
Compton scatter in the west wall of the exposure room which redirects their
flight path along the axis of the cable-duct.

B = 1.25 MeV : .= 0.679 MeV
1 +@.25 Nev/0.51D (1=Cos 43°)

«24 el 0 679 MeV. -26
K(®_ )~(0.2 x 10 = 10.9 10
(84)%( )IZSMV) X

<d=(0.0547) (10.9 x 10725) 10%%) + (0.0111) . g 014 se-1
1 + (Cos 419 sec 839)

4D at Pg = (6.87 x 103 R/h) (0.014 sr™1) (0.755) (5 em?) . 15.6 =R/h
(152 cm) ?

Since the exposure rate on the Mechanical Equipment Room side of the cable-
duct {s estimated to be in excess of 0.5 mR/h, the room will be treated as a
"restricted area" during in-air {rradiation procedures. Unless the initial
radfation survey of the facility indicates the restriction may be removed, access
to the Mechanical Equipment Room will be controlled by the Cobalt-60 Facility
Supervisor via control of the door key for this room.

(c) Conduit Maze in West Wall. Figure 5-16 illustrates a conduit maze
consisting of four aluminum conduits, each of which contain two right-angle
bends. These 4-inch diameter conduits serve as raceways between the Exposure

12



Supplement No. 5 continued.

Room and Control Room. The following estimate of the exposure rate to be
expected in the Control Room is based on the assumption that 40,000 curies of
cobalt-60 is raised by the source elevator to a height above the floor equal

to that of the conduit. Since the two conduits closest to the source represent
the "worst case" for gamma radiation streaming, only these conduits are
examined in the following analysis. Also, since the total mass attenuation
coefficients for concrete and aluminum are nearly equal, the walls of the
conduit are considered to be concrete. The semiempirical formula for differ-
ential dose albedo presented in Reference 7 is used. Presentation of the

formula and associated symbol definitions used therein is found in paragraph
i 1d(2) (b) of this supplement.

’

Exposure rate to conduit opening = Do

3 2
(i) Dy = (%L%? (4.0 x 10% ci)(1.32 R/h at 1 meter per Ci) = 7.5 x 103 R/h

E <= energy in MeV after one Compton scatter

E =1.25 MeV

1 + (1.25/0-511) (I'COS 46°)=. 0.71 MeV
= 2 3 ?
. K(os) i (0.2 x 10 24 l) (___0‘71) =1.14 x 10 25 .c_nl._
) e 1.25 -
il

S I
«d = (0.0547) (1.14 x 10725 %?-)(1025) + (0.0111)
T+ (0.728) (57.3)

= 0.015 sc~!

Assume that the first leg of the conduit perpendicular to the plane of the
wall extends a distance of 2.5 feet into the wall. Then the exposure rate at
the beginning of the first right-angle bend = dD.

dD = (7.5 x 10° mR/h) (0.015 s=~1)(0.728) (31 cm?)
(5.81 x 10° ca®)
The exposure rate at the surface of the shield wall in the Control Room due

to a collimated source of 0.8 MeV photons, which yields an exposure rate of
1.14 x 103 mR/h, and is located midway in the west wall = I,

=1.14 x 103 =R/h

e

I1=1Iobd e‘-ux . (1.14 x 103 mR/h\ (5) exp-(0.1659) (76-2 cm)
I =1.841072 mR/h, which is less than 0.5 mR/h limit for "unrestricted areas".

Assume that the second leg of the conduit is 3 feet long and is directed
away from the first leg of conduit at an angle of 89°. The exposure rate at the
end of the second leg of conduit is:

= 0.71 MeV
: o = 0.505

13
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| 2 :
K(8g) = (0.25 x 10724 &1 (8303 _ 14 g x 10726 cn?
. e 0.7% c-'

od = (0.0547) (17.8 x i0'25£23)(1025) + (0.0111)
. . . - . = 0.017 sr~!
1+ (1)(57.3) : -

= (1.14 x 103 mR/h) (0.017 sr71) (1) (81 cm?) . 0.188 =R/h
8.36 x 10° cm?

. -dt.’l

|
Since the exposure rate at the beginning of the second right-angle bend

will be less than 0.5 mR/h, the exposure rate at the point the conduit exits
in rhe Control Room will also be less than 0.5 mR/h.

t(d)‘ Water Pipe for Emergency Pool Water Makeup. Figures 5-13, 5-14 and
§-21 illustrate the emergency pool water makeup waich is located in the wall
which separates the Exposure Room from the Mechanical Equipment Room. This
2-inch diameter pipe contains two right-angle bends and is positioned such that
the point of entry in the Mechanical Equipment Room is 2 feet above the floor
and the point of exit in the Exposure Room is 6 inches -above the flcor. The
following estimate of the expected exposure rate in the Control Room and
Mechanical Equipment Room due to gamma radiation streaming through the pipe
assumes that (1) the pipe is filled with air; (2) that 40,000 curies of
cobalt-60 is raised by the source elevator to a height of 5.5 feet above the
floor; and (3) that the tocal mass attenuation coefficient for the pipe material
i{s equal to that of concrete. The semiempirical formula for differential dose
albedo presented in Reference 7 is used in the following calculations. Presen=-
tation of the formula and associated symbol definitions used therein is found
{n paragraph 1d(2)(b) of thig supplement.

Do = Exposure rate to wall at point of pipe penetration

3.28"\ 2
Do = EjfﬁJ) (40,000 ci)(1.32 R/h at 1 meter per Ci) = 8.74 x 103 R/h

E = Energy in MeV after 1 Compton scatter through 18°

E=1.25 WIW = 1.12 MeV
+ L2355 (1. 2
1 (0.511)(1 Cos 18Y)
<24 cn? 1.12 -25 cm?

K@) = (0.2 x 10 -c-_-) ('f:'z—s') =1.79 x 10 e

2 ?
otd = (0.0547)(1.79 x 10725 §§L9(1o*6) + (0.0111)

s 1 + (Cos 729) (sec 89°)

Dose rate at point of first right-angle bend (ie, 2.5 feet into the shield
wall) = dD

dD = (8.76 x 108 mR/h) (0.053 sr™1)(0.309) (20 em?) - 4.93 x 102 s&/h
(5.81 x 107 cm®) .

= 0.053 sr-!

14
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|

The exposure rate at the Control Room surface of the shield wall resulting
from a 493 mR/h source of 1.12 MeV gamma photons located behind 2.5 feet of
concrete = L.

thtob 9% = (493 sR/h) (10) e ~(0.1492)(76.2 cm)

I‘r 0.06 mR/h, which is less than 0.5 mR/h limit for "unrestricted areas".

Assume that the second leg of the pipe is 5 feet long and is directed away
from the first leg at an angle of 89°. The exposure rate at the end of the
second leg of pipe, located at the beginning of the second right-angle bend, is:

{E 841,12 ¥g¥27 = 0.355 MeV
| 1 + 0.511) (I-COS 890)

T - 2 0.355 i 2
R(®g) = (0.2023 x 1072% €2 (12333 = 0,64 « 1025 af
|

-26 cm?
<d = (0.0547) (6.4 x 10 5:——)(1026) + (0.0111)
1 + (cos 0°) (sec 89°)

= 6.2 x ].0'3 sr-l

dD = (493 mR/M) (6.2 x 107> sr™1) (1) (20 en?) . 5 44 x 1073 /M
(2.32 x 10° )

Since the exposure rate at the beginning of the second right-angle bend is
less than 0.5 oR/h, the exposure rate at the point the pipe exits into the
Mechanical Equipment Room will also be less than 0.5 mR/h.

Gamma photons reaching the straight section of pipe, which extends from midway
in the shield wall to the exit point in the Mechanical Equipment Room, must
pass through 2.7 feet of concrete and will be degraded in energy to at least
0.8 MeV. Assuming that the gamma photons arriving at the final right-angle
bend are redirected to a path along the axis of the pipe, the exposure rate at
the point where the pipe exits in the Mechanical Equipment Room is estimated
as follows:

Io = Exposure rate at second right-angle bend without shield.

2
Io = (2§%§) (49,000 Ci)(1.32 R/h at 1 meter per Ci) = 7.0l x 103 R/h

Exposure rate at second right-angle bend with 2.7 feet of concrete shielding=1

a -1
I=Tob ¢ X = (7.01 x 105 mR/h) (20) e (.1332 em™%) (82 cm) _

2.53 x 103 oR/h

; 2 2
= -24 cm%, 0.8 { _ -26 cm®
K(8g) = (0.20 x 10 - )(ITEE) 12.2 x 10 -

- 15
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P
-

| 2" = 3,15 x 10°2 sr~!

1 + (Cos 699) (sec 899)

4,—.-..-

= (2.53 x 103 mR/h) (3.15 x 10”2 sr~1)(0.358) (5 em?) - 0.026 mR/h
} X ) . .r -5.81 x 107 cm?

which is also less than the 0.5 mR/h limit for "unrestricted areas".

(e) Water Pive for Normal Pool Water Makeun. Figures 5-13 and 5-14
i{llustrate a %-inch diameter water pipe, which passes from the Mechanical
Equipment Room through the west shield wall to the southwest corner of the
Exposure Room. The pipe passes horizontally through the shield wall at a
distance of 2.5' beneath the floor and contains a right-angle bend on each
side of the shield wall which allows vertical floor penetration in both rooms.
Since this pipe is part of the automatic pool water makeup system, it is
normally filled with water. Consequently, all gamma radiation entering the
pipe during in-air irradiation procedures will be attenuated to some degree.
The following estimate of the exposure rate to be expected in the Mechanical
Equipment Room due to gamma radiation streaming through the pipe assumes that
40,000 curies of cobalt-60 is raised via the source elevator to a position

5.5 feet above the Exposure Room floor. Conservatively assuming that all gamma

photons reaching the Mechanical Equipment Room through the pipe have scattered
through an angle of 90° as a result of a single collision, their most probable
energy will be approximately 0.4 MeV (Reference 6). Also assuming that the
gamna photons travel a straight line distance equivalent to the total length
of the water-filled pipe, allows a conservative estimate of the exposure rate
at the Mechanical Equipment Room side of the pipe.

Io = exposure rate at the pipe location in the Exposure Room.

lo = (35238) (40,000 Ci) (1.32 R/h at 1 meter per Ci) = 2.22 x 103 R/n

I = Io b exp(-uX) = exposure rate at pipe location in Mechanical Equipment
Room.

Where: u = linear attenuation coefficient for 0.4 MeV photons in water =
0.106 cm~l
X = total length of photon path in pipe = 304.8 cm
b = buildup factor for 0.4 MeV photons in water, with uX = 32.3
ig = 103 (Reference 6).

I = (2.22 x 106 mR/h) (103) exp~(0-106 ca1)(304.8 ca) = 3 3 x 1075 =r/h

NOTE: Assuming a gamma photon energy of 1.25 MeV and a straight line
distance of 304.8 cm, the exposure rate at the pipe location in the Mechanical
Equipment Room is 0.2 mR/h.

-

16
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Supplement No. 5 continued.

Figures 5-14
and 5-20 illustrate the 3/8-inch diameter air line which passes through the

(f) Emergency Air Pressure Release Line for Elevator Drive.

shield wall between the Exposure Room and Mechanical Equipment Room. This line
connects the emergency-air pressure release valve in the Exposure Room to the

air supply for the pneumatically driven elevator drive piston located in the
Mechanical Equipment Room. This pipe contains two right-angle bends, and is
located &4 feet above floor level. The following estimate of expected exposure
rate in the Control Room and Mechanical Equipment Room due to gamma radiation
streaming through the pipe assumes that (1) the pipe is filled with air; (2) that
40,000 curies of cobalt-60 is raised by the source elevator to a height of 5.5
feet above the floor; and (3) that the total mass attenuation coefficient for the
pipe material is equal to that of coucrete. The semiempirical formula for
differential dose albedo presented in Reference 7 is used in the following cal-
culations. The formulas and associated symbol definitions are found in paragraph

1d(2) (b) of this supplement.

Do = exposure rate to wall at pecint of pipe penetration.

3,28 2 3
Do * (—ET— (40,000 ci) (1.32 R/h at 1 meter per ci) = 8.88 x 10° R/h

E = Energy in MeV after one Compton Scatter through 41°

E=1.25 — = 0.782 MeV
s B2 A - o
1+ (0.511)(1 Cos 41°)
) 2 1 2
k9g = (0.2 x 1072% sf_)@%;%gz) = 12.5 x 1078 ==

2
<d = (0.0547) (12. 0-26 My (1026) + (0.0111 1
(0.0547) (12.5 x 10726 £y 10%6) + (0.0111) _ | o0 o1
1 + (Cos 49°) (sec 89°)

Dose rate at point of first right-angle bend (ie, 2.5 feet into the shield

wall) = dD.

dp = (3.88 x 10% mR/h)(0.018 sr™1) (0.656) (1 cn?) = 130.6 =R/h
(580.6 cn?)

e of the shield wall resulting

The exposure rate at the Control Room surfac
t of concrete = I,

from a 181 mR/h source of 0.8 MeV photons located behind 2.5 fee

I=10b e Y% = (181 mk/h)(20) e ~(0.1659 c@ 1) (76.2) _ g 012 w’/h

I = 0.012 mR/h, which is less than the 0.5 mR/h limit for
Assume that the second leg of pipe is 5 feet long and is directed away from

the first leg at an angle of 89°, The exposure rate at the end of the second
.leg of pipe, located at the beginning of the second right-angle bend, is:

17
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1 + (0.782/0.511) (1-Cos 399 "

2 . 2
- =24 em*  0.312 - -26 cm
K(®g) (0.24 x 10 —e-)(—o.nz) 9.6 x 10 - o

«d = (0.0547) (9.6 x 10726) 10%%) + (0.0111) . 4. o

-1
1 + (Cos 0%) (sec 899) -

'dD = (181 oR/h) (0.01 sr™1)(1) (2 em?) = 7.8 x 10°5 ar/n
I : (2.32 x 10% cm?)

Since the exposure rate at the beginning of the second right angle bend is

less than 0.5 mR/h, it will also be less than 0.5 mR/h at the point the pipe
exits in the Mechanical Equipment Room.

(:) Gamma photons reaching the straight section of pipe, which extends from midway

as

(5 YRR R W | 7 g AT

in the shield wall to the exit point in the Mechanical Equipment Room, must
pass through 2,54 feet of concrete and will be degraded in energy to at least
0.8 MeV. Assuming that the gamma photons arriving at the second right-angle
bend are redirected to a path along the axis of the pipe, the exposure rate at
the point where the pipe exits in the Mechanical Equipment Room is estimated

follows:

Io = Exposure rate at right-angle bend without shield.

2
Io = (g_-%. (40,000 €1) (1.32 R/h at 1 meter per Ci) = 7.63 x 103 R/h

The exposure rate at the second right-angle bend with 2.54 feet of concrete

shielding = I. .

- -1
I=Iob e ok S (7.63 x 10% mR/h) (20) e (0.1332 em™) (77.4 cm)

I =5.08 x 103 =R/h ]
K@) = (0.20 x 10724 (222 = 12.8 x 10726 =

«d = (0.0547) (12.8 x 10-26 F:i) (10%%) + (0.0111)
1 + (Cos 10°) (sec 899)

= 0,0002 s~}

dD = (5.08 x 103 mR/h)(0.0002sr1) (0.985)(1 ca?) - 1.7 x 1074 wa/n
(5.81 x 103 ca?)

which is less than the 0.5 mR/h exposure rate limit for "unrestricted areas".

(g8) Electrical Conduits. Figure 5-18 illustrates three electrical conduits

which are 2 inches in diameter and pass through the west shield wall of the

18
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Supplement No. S continued.
i

Exposure Room at a height of 8 feet above the floor. The physical dimensions
of all three conduits are identical and each contains 2 right-angle bends.
Since "conduit B" is located closest to the cobalt-60 sources during in-air
irradiations, it provides a more direct path for gamma radiation streaming
than either of the other two conduits. Consequently, the following estimate
of the exposure rate in "unrestricted areas" due to any of the three conduits
is based on "conduit B". It is further assumed that the conduit is filled
with air, that 40,000 curies of cobalt-60 is raised by the source elevator to
a height of 5.5 feet above the floor and that the total miss attenuation
coefficient of the conduit material is equal to that of concrete. The semi-
empirical formula for differential dose albedo presented in Reference 7 is
used in the following calculations. The formulas and associated symbol defi-
dit;onskare found in paragraph 1d(2) (b) of this supplement. :

|

jDo = exposure rate to wall at point of conduit penetration.

Y

Do f (34%%$(40,000 Ci)(1.32 R/h at 1 meter per Ci) = 1.04 x IOA R/h
| s :
E = energy in MeV after one Compton scatter through 36°

E=1.25 = 0.85 MeV G TN

.25
Hars2 . o
0.511 (1-Cos 369)

2 2
" =24 em®, (0.85) _ =26 cm

«d = (0.0547) (13.6 x 10-26 %) 1026y + (0.0111)

-1
e = 0.022 sr
1 + (Cos 54") (sec 899)

Dose rate ‘at point of first right-angle bend (ie, 2.5 feet into the shield
wall) = dD.

dD = (1.04 x 107 m&/h)(0.022 sr™1) (0.588) 20 en®) - 4 ¢4 x 10 wr/M
(580.6 cm®)

The exposure rate at the Control Room surface of the shield wall resulting
from a 4.64 x 103 mR/h source of 0.85 MeV photons located behind 2.5 feet of
concrete = I, 5

) =
I=TIob e Y% = (4,64 x 103 oR/h) (20) - e ~(0:1659 ca ™) (76.2 ca)_ 4 5 o/

I = 0.3 mR/h, which is less than the 0.5 sR/h limit for "unrestricted areas".

Assume the second leg of condui:t is 2.5 feet long and is directed away from
the first leg at an angle of 89°. The exposure rate at the end of the second
leg of conduit, located at the beginning of the second right-angle bend, {s:

19
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'E = 0,85 MeV = 0.32 MeV 35 e, o am
! 1 + (.Qis_) (1-Cos 890)
y

0.511

2 «26 cmt
8g) = (0.23x 10724 &m7y (0.32y . g, —
F( s) ( 4 - )(0.85) 8.66 x 10 -

I 2
~d = (0.0547)(8.66 x 10726 ;_"5:) (10%%) + (0.0111)
‘ 1 + (Cos 0°) (sec 85°) '

= 0.008 sr-1

@ = (4.64 x 103 mR/h)(0.008 sr=1) (1) (20 em?) - 1. 78 sasn
r (580.6 cam®)

The exposure rate at the point the conduit enters the Control Room resulting
from a 1.76 mR/h source of 0.3 MeV photons which pass from the location of the
second right-angle bend to the Control Room via 2.5 feet of air-filled conduit
is estimated below. For a straight cylindrical duct with radius R and length L,
the line-of-sight exposure contribution at the end of the duct due to a point
isotropic source at the entrance of the duct is proportional to 1/L2 (Reference
2, paragraph 8.1.2).

1= 10/12 = 1.76 m/h/(2.5)% = 0.28 ar/n
which is less than the 0.5 mR/h exposure rate limit for unrestricted areas.

(3) References.

(a) Reference 1: Etherington, Nuclear Engineering Handbook, McGraw-Hill
Book Company Inc., New York, “(1958).

(b) Reference 2: Engineering Compendium on Radiation Shielding, Volume 1,
"Shielding Fundamertals and Methods", Springer-Verlag New York Inc., (1968).

(c) Reference 3: F. E. Bear, Chemistry of the Soil, 2nd Ed., (1964), 118.

.4) Reference 4: J. M. Chapman and C. M. Huddleston, "Dose Attenuation in
Two-legged Concrete Ducts for Various Gamma Ray Energies", Nuclear Science and

Engineering, Volume 25, American Nuclear Society Inc., Hinsdale, IL, (1966), 66-74.

(e) Reference 5: Martin-leimd8rfer, "The Backscattering of Gamma Radiation
from Plane Concrete Walls", Nuclear Science and Enzineerinz, Volume 17, American
Nuclear Society Inc., Hinsdale, IL, (1963), 345-351.

(£) Reference 6: Price, Horton and Spinney, Radiation Shieldine, Pergamon
Press, (1957). '

(8) Reference 7: A. B. Chilton, "A Semiempirical Formula for Differential
Dose Albedo for Gamma Rays on Concrete", Nuclear Science and Engincering, Volume
17, American Nuclear Society Inc., Hinsdale, IL, (1963), 419-424.
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Supplement No. S continued.

(4) Occupancy of Shielded Areas: Immediately surrcunding the Exposure -

* Room are building and grounds areas which are shielded against the ionizing

radiation emanating from the cobalt-60 sources during in-air irradiaticas.

An estimate of the degree and type of occupancy for these areas during in-air
frradiation procedures is given below. This estimate assumes normal cperating
conditions during a 40 hour work week. The calculated exposure rate values
given in the table are '"worst case'" values which result from the assumption
that 40,000 curies of cobalt-60 is raised by the source elevator to a height

of 5.5 feet above the Exposure Room floor.
I

g TYPE DEGREE OF CALCUIATED
AREA OCCUPANCY OCCUPANCY EAPOSURE RATE
Entrance Maze (Rm. 1) None 0% >0.5 oR/h
Control Room (Rm. 4) Radiation Worker 100% <0.5 mR/h
Mechanical Equip. Rm. (Rm. 9) | None 0% <16.0 oR/h
Restroom (Rm. 8) Non-Radiation Worker 25% <0.5 mR/h
Plasma Lab (Rm. 18) Non-Radiation Worker 1007 <0.5 =R/h
Rad. Material Storage (Rm. 19) | Radiation Worker 25% <0.5 mR/h
Decon Area (Rms. 20, 21, 22) | Radiation Worker 0% <0.5 mk/h
Preparation Room (Rm. 10) Non-Radiation Worker 100% <0.5 mR/h
Instrumentation Room (Rm. 5) | Non-Radiation Worker 100% <0.5 sR/h
Van de Graaf Room (Rm. 3) Radiation Worker 100% <0.5 mR/h
Exposure Room Roof None 0% <10.0 omR/h
Grounds Areas Nen-Radiation Worker 25% <0.5 mR/h

e. Personnel Exclusion Barriers. (1) The sole entrance to the Ccbalc w0
Exposure Room is provided.by the double doors between the Control Rroa =°1 cte
entrance maze which leads to the Cobalt-60 Exposure Room. These doors are
interlocked to preclude the possibility that an individual could inadvertently
enter the Exposure Room during in-air-irradiation procedures. Before the sourcc
elevator drive system is functional, the operator must (1) enter the Exposure
Room, (2) actuate the in-cell reset switch with the same key that operates the
elevator system, (3) exit from the Exposure Room, and (4) close the maze entran:
doors within approximately 15 seconds from the time the in-cell reset switch is
actuated. If this sequence of operator actions is accomplished in the prescrib:
period of time, the maze entrance doors are automatically locked and the elevat:
drive controls become operational. Should the operator fail to accomplish this
sequence of procedures in the prescribed time, no power is available to the
elevator drive system and the procedure must be repeated before elevator cpera-
tion may commence. In order to ensure that no individual is prevented from
leaving the Exposure Room, a manually cperated "crash bar" is installed on the
maze-side of the doors which provides a means of emergency exit at all times.

I1f either of the maze entrance doors are cpened after the operator completes
the preoperational sequences described above, the electrical power necessary to
raise and sustain the elevator car in an uplifted position is lost until the
preoperational sequence is performed again.

(2) The mechanical equipment room (Rm. 9) contains the only roof scuttle
{a the Building 504 Radiation Facility. Access to the roof via this scuttle
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|

will be denied during in-air-irradiation procedures, which cause the exposure.

rate at the surface of the roof to exceed 0.5 mR/h, by locking the door to

the mechanical equipment room. During these periods, access to the mechanical

equipment room will be controlled by the Cobalt-60 Facility Supervisor, Chief

Operator, or Alternate Operator.

- “f; Contamination Control. (1) Although each of the cobalt-60 source
elements is doubly encapsulated, as described in Supplement No. 1 of this
application, the Exposure Room, Entrance Mz2ze, and Control Room ara designed
to ensure containment/entrapment of soluble . and insoluble particulates. All
three areas are equipped with seamless; acid-resistant floors, and epoxy-ccated
walls and ceilings. The floor drain in the Exposure Room and sink drain in
the Control Room vent to a 4000 gallon acid-resistant holding tank. Due to the
remote possibility that the liquid effluents might contain trace amounts of
radicactive material, no fluid from the holding tank will be discharged to the
sanitary sewage system unless an analysis has been performed to assure that it
does not exceed the maximum permissible concentration (MPC) guides set forth
ia Title 10, Code of Federal Regulations, Part 20. The plumbing plan and

holding tank for liquid effluents are illustrated on Figures 5-13 and 5-14
respectively,

(2) Heating and cooling of the Exposure Room is JECOcplished via a "closed-
loop" air conditioning system which isolates the supply and exhaust air for
this area from the rest of the Building 504 Radiation Facility. As illustrated
cn Figures 5-11 and 5-12, the exhaust plenum in the Exposure Room is equipped
with high-efficiency-particulate-air (HZPA) filters through which all effluent
room air must pass. The air handling system continuously delivers air to the
Exposure Room at a rate of “2885 cubic feet per minute (CFM) and exhausts it
at a rate of 3000 CFM. Consequently, a negative pressure is maintained in the
Exposure Room which assures filtration of all room air. After passing through
the exhaust filters in the Exposure Room, 290 CFM is discharged to the outside
environment and 2710 CFM is recirculated to the air handling unit (AH-1).
Finally, fresh air is added to the recirculated air at a rate of 175 CFM in
order to sustain the 2885 CFM delivery of conditioned air to the Exposure Room.

g. Ozone Production, Detection, and Control. (1) During in-air irradia-
tion procedures ozone will be produced in the Exposure Room as a result of air
ionization processes. The following analysis of radiation-induced ozone
formation in the Exposure Room assumes that 40,000 curies of cobalt-60 is
raised via the source elevator to a height of 5.5 feet above the floor. It is
further assumed that each gamma photon emanating from the cobalt-60 source
travels the entire length of the Exposure Room. The investigation of G. R. A.
Johnson and J. M. Warman presented in "Formation of Ozone from Oxygen by the
Action of Tonizing Radiations", Discussions of the Faraday Societv, Volume 37,
(1964), 87-95, indicates that the yield of 03 from 0, may be as high as G(O3)-
13 molecules of 04 per 100 eV. Although this value of G(03) may be somewhat
high, due to the presence of other rare gasses in breathing air, it will be
used to ensure that the following analysis yields conservative results.
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Supplement No. 5 continued.

Exposure room volume: 2.04 x 10% cm3

Alr path for each photon: r = 1.31 x 103 ca
Linear energy absorption coefficient for air = u, =0.32 x 10'4 cm”l
ugr = (1.31 x 103 cm) (0.32 x 1074 cm”l) = 0.04192

Since 217 of air is 0y, multiply u,r by 0.21

—— -
-y —

u,r = (0.04192)(0.21) = 8.8 x 10°3
: -u_r
“ .. the energy absorbed by 0, in 1310 cm of air : i : :-0?0088

\ o = 0.009

 Since cobalt-60 emits an average of 2.5 MeV/dis. the energy absorbed by
room air Yer second = (4 x 104 e)(3.7 = 1010 dis/sec-ci) (2.5 MeV/d1is)(0.009) =
3.33 x 1013 MeV/sec. .

(3.33 x 109 eV/sec) (13 molecules/100 eV) = 4.33 x 1018 molecules 03/sec

( 33 x 108 molecules 3/=e°> 8 gnm 3) = 3.45 x 10°% gn0,/sec
e

6.02 x 1023 molecules/gm mol gm mole

~3.45 x 1074 gm0,/sec is produced in the Exposure Room.
3

3.45 x 1074 gm03/sec

= 1.69 x 10°12 gm0,/sec cmd air
2,04 x 108 cad air

-

& 1.69 x 10712 gm0, /sec e air

- : = 1.31 x 1077 gu0,/sec-gm air
1.293 x 1073 gm air/em3 air

& (1.31 x 1079 gm03/sec-gm air) (3.6 x 103 sec/hr) = 4.72 x 10°8 gm03/hr-gm a:

= 4,72 PPM 03 produced in the Exposure Room air in a pericd of one hour as
a result of the photons emanating from a 40,000 curie cobalt-60 source.

(2) Since the approximate half-life of ozone at 20°C is 3 days, and also
since 90% of the air removed from the Exposure Room is returned during the
normal operating mode of the "closei-loop" ventilation system, the Cobalt-60
Gamma Radiation Facility is equipped with ozone detection and control equip-
ment. In order to continuously measure the ozone concentration in the
Exposure Room during in-air-irradiation procedures, a Bendix Ozone Detector,
Model 8002, is installed in the Control Room. A sampling tube, :xtending
from the unit to a location adjacent to the source elevator, provides the
unit with a representative sample of Exposure Rcom air. The dete-tor
analyzes the air sample by the chemiluminescence principle, and displays
results which lie within a 0.01 to 1.0 PPM 04 range. As illustrated on
Figure 5-23, the Cobalt-60 Facility control-console houses a meter which
reproduces the reading displayed at the detector unit. In addition, the VISI-

" CON Annunciator Monitor, located adjacent to the control comsole, produces an
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Supplement No. 5 continued.

audfo-visual signal if the ozcne monicor is nct operating ol if high ozone
concentrations are present in the Exposure Room.

(3) The normal operating mode of the '"closed-loop" ventilatioca system
keeps the Exposure Room at negative pressure with respect to the rest of the
building. Consequently, unless exhausted to ihe root of Building 504, any
ozone produced by in-air irradiacion procedures will remain in the Exposure
Room and in the ducts of the "clused-loop" ventilation system. When it is
desirable to reduce the ozone concentration in the Exposure Room, the control-
console operator manually actuates a "purge cycle" control switch. During a
purge cycle, the air handling system continuously delivers fresh air to the
Exposure Room at a rate of 2000 CFM and exhausts air from the Exposure Room to
the roof of Building 504 at the same rate. No room air is recirculated during
a purge cycle. Thus, the control comsole operator is always able to reduce
the ozone concentration in the Exposure Room to the 0.1 PPM threshold limit
value recommended by the Occupational Health and Safety Administration (OSHA).

h., Fire Protection. As poianted out In paragraph la of this supplement,
the Cobalt-60 Gamma Radiation Facility is located within a building which is
classed as a "noncombustible construction" type structure. All areas within

" Building 504 are equipped with fire detection/alarm units which provide local

warning to building occupants and 2lso transmic the alarm sigral to a panel
which is monitored in the HDL Central Guard Ofiice. The Cobalt-60 Facility is
equipped with combination fixed temperatur:,/rate of rise Thermal Fire Detectors
in order to ensure reliability both during and after exposures to high levels
of ionizing radiation. Emergency response to fire alarms is provided »y HDL
fire protection perscnnel, four nearby county fire departments and the Naval
Surface Weapons Center Fire Department which is located adjacent to FDL.

i. Seismic Analysis. (1) The Building 504 Radiation Facility was designc:
in accordance with the criteria, guidance, and standards furnished in US Army
Technical Manual 5-809-10, "Seismic Design for Buildings', published March 1966.
This manual assigns each geographical location in the United States to cne of
five "seismic zones'" which are designated by the numbers 0 through 4. Assign-
ment of a high seismic zone number to a region, indicates that a high probabili-
ty of severe, frequent and damaging earthquakes exists in that region. The

“‘fact that the entire State of Maryland is designated as being in Seisric

Probability Zone 1 indicates cnly minor damage is to be expected from any
earthquake which might occur in this region. Although the evidence is not
conclusive, and any prediction is uacertain at best, Freeman states (Freeman,
John R., 1932, Earthquake Damage and Earthquake Insuranca, New York: McGraw-
Hill Book Co.) that only one destructive earthquake may be expected per century
in the Atlantic region, czomprising 600,000 square miles and extending from
Quebec to Florida. The likelihood that the epicenter of a destructive earth-
quake would be in or near the Washington, DC area seems remote.

(2) Since the Cobalt-60 Gamma Radiation Facility {is located in a building
which was designed in accordance with US Army seismic design criteria for this
geographical region, it seems highlv unlikaly thac the shielding, pool, or
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Supplement No. 5 continued.

complementary structures would be subject to rupture, shifting, or tilting
as a rosult of any probable seismic phenomena.

2, Irradiator System and Overational Characteristics.

1. Fool and Associated Equipment, (1) The cobalt-60 source elements
will be stored in the exposure room at the bottom of the 12 feet deep, water
filled pool illustrated in Figures 5-5, 5-7, and 5-18. The concrete used to
construct the one foot thick walls and floor of the pool were poured mono-
lithically in one contiunuous pour and thoroughly vibrated by mechanical
vibrators. The entire internal surface area of the pool is lined with a 3/16
inch thick, A-304 s:tairless steel liner in order to ensure water-tight in-
tegrity. Immediately surrounding the edge of the pool is a concrete toeboard
which!is 4 inches in height. Removable pipe railings, which meet the speci-
fications presented in 29CFR Part 1910-23, Occupational Safety and Health Act,
are inserted into the toeboard om all sides of the pool in order to provide a
personnel protective barrier for ilue floor opening. 1In addition to the toe-
board- and railing, the surface area of the pool is protected by a "metal
grating" type floor-hole cover which is designed to support a live load of
200 pounds per squaie foot. As illustrated in Figure 5-6, the floor hole
cover consists of 10 sections of removable grating and two removable supports
which accormodate the rails for a movable cart. B3y removing a section of
grating, an individual may wock safely over the pool while supported by the
remaining sections of the floor hole cover. Two underwater lighting fixtures,
similar to those illustrated on Figure 5-15, are attached to removable sec~
tions of grating and suspended beneath the surface of the pool water in order
to provide sufficicut light for source element manipulation and accurate
positioning of experiment containers. Both fixtures meet the specification
and installation requirement set forth in the National Electrical Code (NFPA
No. 70-1975) for "underwater lighting fixtures".

-

(2) The pool water circulation/treatment system consists of a 50 gallon
per minute circulating pump, a replaceable sediment filter, and two mixed-bed
resin demineralizers. As illustrated on Figures 5-17, 5-18, and 5-21, pool
water is continuocusly extracted at a point two feet below the pool curb and
is filtered and deionized before being returned to the bottom of the pool.
Sirce the circulation systam inlet is located one foot below the water, it is
impossible to remove more than ore foot of water shielding should one of the
system water lines accidentally burst. This system will recirculate the en-
tire volume of pool water approximately 28 times a day and maiatain pool water
conductivity st less than 10 micromhos per centimeter without difficulty. A
pool water conductivity monitor, inscalled at the inlet of the circulation
pump, continuously analyzes the pool water and transmits an 1larm to the
Control Room annunciator panel if the ion concentration in the pool water is
detrizental to source encapsulation life expectancy. Two in-line pressure
gauges, one on each side of the sediment filter, provides a visual indication
of water circulation system performauce.
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(3) Pool water i{s maintained at a depth of 11 feet by an automatie
witer level sensing/replacement system. As illustrated in Figures 5-17,
5-18, and 5-23, the pool water level indicator, located in the Control

Room, indicates the water level in the pool by responding to a change in

the water pressure applied to an evacuated tube. Four adjustable, pressure-
actuated switches are attached to the water level indicator for the purpose
of providing electrical contact openings for alarm and water level control
equipment circuits. Switch #1 initiates a "high level" alarm on the control
room annunciator panel when the pcol water level is between 136 and 138
inches. Switch #2 interrupts power to the pool water circulation pump when
the pool water level is between 125 and 130 i{nches. Switch #3 energizes the
solenoid valves illustrated on Figure 5-21 to refill the pool when the water

level is between 132 and 135 inches. Switch #4 initiates a "low level"

alarm on the control room annunciator panel if the pool water level drops to
126 inches. The solenoid valves actuated by switch #3 may also be operated
manually fiom the control console. Although water will normally be added to
the pool via the above m.ntioned solencid valves, one may always add water
manually by utilizing the emergency-fill water system {llustrated on Figures
5-14, 5-18, and 5-21, The manually operated gate valve for this system is
located in the Mechanical Equipment Room in order to assure that water nay
always be added to the pool without entering the Exposure Room.

(4) 1If an unexpected event causes overflcwing of the pool, the excess
water will be contained by the seamless, acid-resistant floor of the Exposure
Room and vented to a 4000 gallon acid-resistant holding tank via the Exposure
Room floor draim. As explained in paragraph 1£(1) of this supplexment, no

fluid is discharged from this holding tank to the sanitary sewage system un-

less an analysis confirms that radioactive material concentrations are below
the maximum permissible concentration guides set forth in Title 10, Code of
Federal Regulaticns, Part 20,

b. Cobalt-60 Source Elevator and Associated, Equipment. f1) The Cobalt-
60 Source Elevator system is designed for two principle modes of operation.
The Console Operational Mode (COM) permits one to operate the system from the
Control Room during free-air-irradiation procedures. The In-cell Operational
Mode (ICOM) permits operation of the system using controls located adjacent
to the pool. Use of the ICOM is restricted to operations involving mainte-
nance of the elevator system, attachment of source holding fixtures to the
elevator car platform, and lowering experimental products to the bottom of
the pool, where the source material is stored.

(2) Mechanical design of the elavator system incorporates both safety
and utilitarian considerations. As illustrated on Figure 5-18, the elevator
assembly used to raise cobalt-60 source elements for free air irradiation, crto
lover product to the source elements for in pool irradiztion, is perma-
nently positioned against the wall of the exposure room pool and contains a
multiplicity of 1% inch diameter holes in order to ensure that the water
level in the shaft equals that of the pool. The cable-driven elevator car,
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Supplement No. 5 continued.

{1lustrated on Figures 5-18 and 5-19, is mechanically restricted to vertical
movement along an elevator shaft which extends from the bottom of the pool

to a distance of 7 feet above the exposure room floor, A platform, containing.
tapped holes to permit rigid attachment of a variety of source holding fix-
tures, is bolted to the base of the elavator car. The design of each scurce
holding fixture will be reviewed by the HDL Radiation Control Committee prior
to fabrication or use in order to assure that the fixture will restrain source
element movement under all conceivable conditions. Structural design of the
elevator limits the maximum distance the platform may riise above the exposure
room floor to 5 feet 8 inches. The speed and distance traveled by the cable-
driven elevator car is controlled by adjusting the speed and distance traveled
by an aircraft cable attached to a pneumatic piston and counter weight assembly
located in the mechanical equipment room and control room respectively. As
{llustrated on Figures 5-18 and 5-20, an Air Control Box located in the mechan-
fcal equipment room contains (1) an air supply valve for the elevator drive
cylinder; (2) an air pressure regulator assembly for limiting, regulating and
conditioning the air supply for the elevator drive; (3) a descent control

valve for limiting elevator car descent speed; (4) an ascent control valve for
limiting elevator car ascent speed; and (5) a four way solenoid valve used to
change the routing of the air supply on ccmmand of the control console causing
either ascent or descent of the elevator car. A 150 PSI reserve surge tank is
incorporated into the air supply system for the purpose of supplying sufficient
reserve air capacity to return the elevator car to the pool bottom in the event
the power and/or primary air supply system fails. An additional positive down-
drive for the elevator car is provided by the aforementioned 50 pound counter
weight assembly located in the control room. Although it is not well illustra-
ted by Figures 5-18, 5-19, and 5-20, the counter weight assembly is designed to
continuously exert a dcwrnward force on the elevator car by routing the counter
weight support cable to the base of the elevator car via a sheave assembly
welded to the bottom of the pool. Consequently, the elevator drive system

must exert sufficient pneumatic force to raise both the elevator car and the
counter weight when sources are raised from the pool bottom. If the pneumatic
elevater drive system loses the a.c pressure necessary to maintain the elevator
car and counter weight in an elevated position, the counter weight asiembly
will pull the elevator car back to the bottom of the pool. Should mechanical
binding between the elevator car and shaft occur, the counter weight/elevator
drive assembly cables are accessible from a location external to the Exposure
Room and provide an effective means of freeing the elevator car.

(3) A functional description of the operational characteristics asso-
ciated with the elevator control system is provided in Annex 5-A to this
supplement. Additionally, the following figures illustrate electrical cir-
cuitry and equipment incorporated into the elevatur control system design:
Figure 5-23 (ANNUNCIATOR, RAM, CONTROL CONSOLE, and SCHEMATICS); Figure 5-30
(IRRADTATOR CONSOLE LAYOUT); Figure 5-31 (CONTROL CONSOLE WIRING); and
Figures 5-32 and 5-33 (IRRADIATOR WIRING DIAGRAM).
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Supplement No. 3 continued. ] ‘
'!c. Radiation Safety Interlock Svstem. Operation of the elevator control
systea i{s limited by a radiation safety interlock system designed and in-
stalled for the purpose of assuring that no individual will be exposed to an
area where it is possible to receive a dose in excess of 100 mrem i{n one hour
as a result of free-air irradiation procedures initiated at the Cobalt-60
Facility. The following {nformation catalogs the radiation safety control
functions provided by the interlock system.

|

(1) The sole entrance door to the Exposure Room is automatically locked

{mmediately prior to, and during, free-air-irradiation procedures in order to
prevent an {ndividual from entering whea it is possible to receive a dose in
excess of 100 mrem in one hour. This Exposure Room access control device
permits deliberate entry to the Exposure Room only when radiation levels
therein are less than 20 mR/h.

(2) The Visi-Con Annunciator Monitor, located in the Control Room, auto=
matically provides both audible and visual signals te the operator of the
elevator system if the Exposure Room access control device (electric lock)
fails to function properly. Nonilluminated legends on the Visi-Con Annuncia=-
tor Monitor indicate that the access control device is functioning properly.

(3) Crash bars are installed on the maze side of the entrance door to
the Exposure Room in order to assure that no individual will be prevented
from leaving the Exposure Room.

(4) Should the Exposure Room access control device (electric lock) fail
{mmediately prior to free-air-irradiation procedures, the action of opening
the Exposure Room entrance do.r automatically terminates the electrical
power necessary to raise the source elevator car. 1f this access device
fails during free-air-irradiation procedures, the action of cpening the
Exposure Room entrance door automatically returns the source elevator car
to the bottom of the pool. In either case, the radiation level within the
Exposure Room is reduced below that at which an individual could receive a
dose in excess of 100 mrem in one hour.

(5) Any person attempting to enter the Exposure Room during free-air-
{rradiation procedures is automatically warned that a radiation hazard exists
therein by a large purple beacon located at the entrance to the maze which
flashes continuously when the source elevator car is not located at the bot-
tom of the pool. The console operator is automatically notified by the Visi-
Con Annunciator Monitor if the light has burned out. In addition, the action
of defeating the control access device (electric leck) for the Exposure Room
entrance door automatically actuates two visible and audible alarms located
on the Visi-Con Annunciator Monitor that serve to warn both the console opera-
tor and the individual attempting to enter the Exposure Room that a hazardous
condition exists.
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Supplement No. 5 continued.

(6) Failure or removal of the Exposure Room access door automatically
terminates the electrical power necessary to raise the source elevator car
and automatically returns the elevator car to the bottom of the pool if it
{s {n an elevated position. Since this action places the pool water shield-
ing cver the source elements, the radiation level in the Exposure Room is
automatically reduced below that at which an individual could receive a dose
{n excess of 100 mrem in one hour. Visual and audible alarm signals are
automatically actuated on the Visi-Con Annunciator Monitor which warn the
console operator and all potentially affected individuals that the physical
barrier to the Exposure Room has failed or has been removed prior to and
during free-air-irradiation procedures.

i

; (7) A fifteen second delay exists between the time the console cperator
actuates the elevator drive key switch and the time the clevator starts its
ascent, During this fifteen second period, a horn located in the Exposure
Room automatically sounds and rotating purple beacons located in the Exposure
Room and Exposure Room Entrance Maze automatically flash to alert personnel
located in the Exposure Rocm/Maze areas that free-air-irradiation procedures
are in progress. This warning period allows sufficiznt time for an individual
located in the Exposure Room to actuate any one of four controldevices which
prevent raising of the elevator car. Located adjacent to the Exposure Room
Pool and in the Entrance Maze are switches with large red mushroom caps
bearing the words "EMERGENCY SHUTDOWN". Depressing aither of these switches
will cause immediate shutdown of the elevator energizing system until they
are manually reset by the console operator. Also located adjacent to the
Exposure Room Pool is a safety air valve with a large red mushroom cap, which
will vent the air supply necessary to raise the scurce elevator car when the
valve cap is depressed. Should the individual elect to leave the Exposure
Room/Maze area without first actuating one of the aforementioned elevator
control devices, the actiow of opening the Exposure Room access door will
deenergize the elevator system until the console operator enters the Exposure
Room and resets ihe radiation safety interlock system.

(8) In order to assure that the Exposure Room and Maze are cleared of
personnel prior to each free-air-irradiation procedure using the COM, the
elevator control system is interlocked with an "Operate Key Switch" located
adjacent to the Exposure Room Pool. Prior to each raising of the elevator
car, the console operator is required to enter the Exposure Room, actuate
the "Operate Key Switch" with the same key that actuates the elevator drive
system switch on the console, exit from the Exposure Room, and close the
access doors in a time period of 15 seconds. This operation is intended to
enforce a final visual inspection of the Exposure Room/Maze areas immediately
prior to each in-air-irradiation procedure. Should the console operator fail
to accomplish this task in the prescribed period of time, no electrical power
{s available to the elevator drive system. Additionally, opeaing the Exposure
Room access door after accomplishment of this preoperational sequence termi-
nates electrical power for the elevator drive system until the console opera-
tor reenters the Exposure Room and repeats the procedure. 1f the preoperational

-

29

~— - — - — — -



P .
i D

Supplement No, 5 continued.
|

sequence is not successfully completed or {f the Expcsure Room access door
is opened after successful completion, audible and wvisual alarms are auto-
watically actuated on the Visi-Con Annunciator Monitor in the Control Room
to notify the console operator that the safety interlock system has been
violated. If the Exposure Room access doors remain closed after the pre-
operational sequence, the action of operating the console key switch for
the elevator drive system automatically locks the Exposure Room access doors.
(9) Three Remcte Area Monitors (RAM's) for ionizing radiation detection
are incorporated into the radiation safety interlock system. RAM #1 is
located in the Control Room and has a four decade logarithmic meter scale
from 0.1 mR/h to 1.0 R/h. RAM #2 and #3 are located in the Exposure Room
and have five decade logarithmic scales from 1L.OmR/h to 100R/h. All three
RAM's are Nuclear Measurements Corporation Model GA-2T70 plastic scintilla-
tion type icnizing radiation detectors and are installed to provide remote
readouts in the Control Room. In addition to providing continuous physical
radiation measurements of the Exposure Room, RAM #2 and #3 function to keep
the Exposure Room access door locked when the radiation level in the Exposure
Room exceeds 20 mR/h during COM free-air-irradiation procedures. RAM #2 and
#3 also function to automatically cause the elevator car to return to the
bottom of the pool if the radiation level in the Exposure Room exceeds 20
oR/h during activities involving the ICOM. RAM #2 and «#3 automatically en-
sure that physical radiation measurements of the Exposure Room are accom=-
plished prior to entry of the first individual following free-air-irradiation
procedures. In addition to consulting the RAM readouts in the Control Room,
the first individual to enter the Exposure Room following free-air-irradiation
procedures is required to carry a portable ionizing radiation detection survey
instrument and assure that the radiation level in the Exposure Room is below
that at which it would be possible for an individual to receive a dose in
excess of 100 wrem in one hour. '

(10) The zbove enumerated and other features of the radiation safety
interlock system are throughly describes in Annex 5-A to this supplement.
Figures 5-18 (GENERAL ARRANGEMENT, COBALT-60 FACILITY), 5-23 (ANNUNCIATOR,
RAM, CONTROL CONSOLE, and SCHEMATICS), 5-24 (CONDUCTIVITY, OZONE MONITORS),
and 5-25 through 5-29 (INTERLOCK SCHEMATICS) illustrate electrical circuitry
and equipment incorporated into the radiation safety interlock system design.

d. Equipment for Manual, In-Pool Irradiation Procedures. Although the
Cobalt-60 Facility is designed primarily for free-air-irradiations, occa-
sionally it is desirable to place the experimental product inside a water-
tight experiment container and lower it to a position adjacent to the sources
located at the bottom of the water-filled Exposure Room pool. The equipment
necessary to safely perform this task is described in the following paragraphs.

(1) Source Holders. Permanently located at the bottom of the Cobalt-60
Exposure Room Pool are two source holding fixtures mounted on 16 gauge stain-
less steel stands. These fixtures are designed to hold/position the source
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Supplement No, 5 continued. .

elements in a vertical, bolt-circle configuration when they are not being
used for free-air-irradiations. As illustrated on Figure 5-17 to this
supplement, holes hava been drilled in the base plate of cach source holder
to accommodate source elements in 5, 8, and 12-inch diameter bolt-circle
arrangements. A fixed upper plate contains holes to accommodate the upper
end of the scurce elements located on the 12-inch diameter bolt-circle.

This fixed upper plate has a step on its inner diameter which will accommodate
a stainle-s steel ring containing holes used to position the source elements
on an 8-inch diameter bolt-circle. This ring in turn is stepped to receive
a smaller stainless steel ring containing holes used to position the source
elements on a 5-inch diameter bolt-circle. In use, the innermost ring must
be of the diameter appropriate for the bolt-circle arrangement used.

(2) Source Protectors. Since manual, in-pool irradiation procedures
require lowering experimental materials to the bottom of the water-filled
pool and positioning them in the center of, or adjacent to, the source
holders, a 16 gauge stainless steel protective cover is installed over each
source holder. The cover is intended to protect the cobalt-60 source elements
from physical damage which could result from the positioning of experimental
materials or the accidental dropping of a heavy object into the pool. Figure
5-17 to this supplement displays the protective source holder cover in the
functional position.

(3) Experiment Containe-s. During manual in-pool irradiation prncedures,
it is generally desirable to protect the materials to be irradiated from the
pool water, Consequently, the materials will usually be placed in water-tight
metal containers. Typically, the containers are designed with a 4-inch out-
side diameter in order to assure that they may be positioned in the center of
the source holding fixture when maximum exposure rates are cdesired. The con-
tainers may also be positioned at varying distances from the source holding
fixtures depending on the exposure rate requirements of the experiment. Al-
though the length and diameter of the experiment container may vary, the
typical design incorporates a water-tight lid with an attachment for con-
necting a 15 foot handle. After the materials to be irradiated have been
placed in the experiment container, the lid is secured in place and the
handle is attached to the 1id. Using the handle, the experiment container
is lowered into the Cobalt Facility Pool and placed at a position near the
cobalt-60 source elements, Duplication of source to container position may
be accemplished by inserting a nipple on the container base into the holes
provided in the source holder stand. All pipes serving as handles for the
experiment containers are fabricated sith "S" bends near the base to pre=-
c¢lude the possibility of radiation streaming through the pipe.

(4) Radiation Warning Svstem. As explained in Annex 5-A to this supple-
ment, the Control and Exposure Rooms are equipped with three ionizing radia-
tion remote area monitors (RAM's) designed, installed and operated to provide
continuous monitoring of radiation levels in the facility on a 24 hour basis.
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!
RAM #1 detects and indicates the radiation level in the Control Room and {s
adjusted to provide an audio-visual alarm if the high level alarm setting
of 2.5 oR/h is exceeded. RAM's #2 and #3 detect the radiation level in the
Exposure Room and are adjusted to provide audio-visual alarms in the Control
Room if the high level alarm setting of 20 mR/h is exceeded. All three
RAM's are Nuclear Measurement Corporation Model GA-2TO transistorized gamma
alarms, utilizing gamma sensitive plastic phosphors in a detector probe that
is connected by electrical cables to "NEMA boxes" that house an indicating
meter, relays to provide high current alarm context, alarm lights, bells,
and voltage supplies. The meter readings and audio-visual alarms displayed
by the "NEMA boxes" mounted on the east wall of the Control Room are also
relayed to the Visi-Con Annunciator Monitor located in the Control Room.
Since the alarms may be heard in the Control Room, Maze, and Exposure Room,
an individual desiring to perform manual, in-pool irradiations is automati-
célly.alerted if hazardous ionizing radiation conditions exist in the
Exposure Room prior to, during, and after experimental procedures are con-
ducted at the Cobalt-60 Facility.

3. Collateral Equipment. a. Remote Handling Tool. A remote handling tool
is available for the purpose of manipulating objects at the bottom of the
12 foot deep pool while standing at the pool edge. This tool is 15 feet
long and fabricated with a pistol grip handle, duel rubber-lined grip jaw,
and a cechanism that allows adjustment of the grip jaw from the pistol

grip handle. This tool is conspicuously marked at a distance of 6 feet

8 inches from the uppermost section of the source-gripping jaw and displays
a warning sign that instructs users not to raise the tool sbove the mark
when it holds one of the source elements. At a distance 4 feet above the
pool surface, the exposure rate from a 1554 curie source element will be
less than 0.25 mR/h when the handling tool is raised to the tool warning
mark. This tool contains a multiplicity of %-inch holes to allow a flow

of water into the tool as it is inserted in the pool. Since operation of
this tool i{s restricted to the Facility Supervisor, Chief Operator, Alter-
nate Operator, and the HDL Radiation Protection Officer, it will be secured
from unauthorized use.

b. Source Leak-Test/Isolation Containers. Figure 5-17 to this supple-
ment {llustrates the source Leak-Test/Isolation Contairers. The two metal
containers are designed so that they can be loaded, sealed, sampled, pumped
dry, and flushed with clean water while at a depth of 10 feet belcw the
surface of the water. Each container is capable of holding ten source
elements, Both containers are mcunted on a metal frame which allows both
units to be lowered into and extracted from the pool, Both containers are
remotely sealed by use of a handling tool which is designed to manipulate
a rubber-coated, adjustable diameter, "Turn-Tite Plug"! This handling
tool also fills with water as it is inserted into the pool. These containers
will be used to perform the required & menth leak test of the source elements
(as described in Supplement 6 of this application) and also to isolate any
leaking source elements until disposition instructions are obtained.
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Supplement No. § continued.

e. Monorail and Moist. Figures 5-5 and 5-7 {llustrate the location of
the monorail used to support an 8-ton capacity trolley and motorized bridge
hoist. This overhead monorail hoist will be used to manipulate the shielded
coatainers necessary to accomplish transfer operations involving cobalt-60
source elements. The marking, construction, and installation of the mono-
rail hoist is in accordance with American National Standard ANSI 830.16-1973.
Inspection, testing, maintenance and operation of the monorail hoist will
comply with the provisions of 29CFR1910.179 of the Occupational Safety and
Health Act in order to assure safe, reliable operation.

i

d. Exposure Room Floor Track. Figure 5-5 illustrates two floor tracks
extending from the north wall of the Exposure Room to the southern edge of
the pool, Figure 5-6 illustrates, and provides specification for, the
track supports that span the pool. All floor track installed in the Expo-
sure koom is American Society of Civil Engineers (ASCE), 60 pounds light
rail, ‘4% inches by 4% inches. The fleor track is installed to provide
sﬁatlonary rails for a light-weight cart used to peosition experimental
materials at varying distances from the cobalt-60 source elements during
free-air-irradiation procedures. Although the floor tracks currently
exist, a cart has not been fabricated to utilize them. Should the neces-
sity for a cart arise in the future, the design will be reviewed by the
HDL Radiation Control Committee prior to fabrication in order to assure
that its design and intended use complement all safetw considerations.

e. Emergency Lighting., Emergency light equipment, approved by Under-
writer's Laboratory Standards for safety, provides emergency light to the
Exposure Poom/Maze areas automatically and instantaneously upon failure or
interruption of normal electric power. The emergency power source for this
unit is a maintenance-free, 6 volt, lead-acid rechargeable battery with up
to 100 lamp watts output at 6 volts DC. One side of the unit has an
observation post for visual inspection of battery liquid level. Addi-
tionally, the unit is equipped with a ready/off switch; a front-mounted
"press-to-Test" switch for quick testing of lamps-and battery; an amber
light which glows when the unit is in the ready state; a red light to
{ndicate that the unit is on the high rate of charge; and a front mounted
voltmeter to indicate battery condition.

€. Warnine Siens. (1) In accordance with Section 20.203, 10 CFR Part
20, the entrance to the Cobalt-60 Exposure Room will be conspicuously posted
with one sign bearing the radiationm caution symbol and the words "Cautiom -
High Radiation Area".

(2) The entrance to the Cobalt-80 Exposure Room will also be conspicu-
ously posted with a sign bearing the radiation caution symbol, the words
"Caution - Radioactive Material", isotope identification information,
{sotope quantity information, the date measurement of the isotope quantity
was performed, and the manufacturer’s trademark.

- — -
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Supplement No. 5 continued. . %

(3) The wall opposite the maze entrance to the Cobalt-60 Exposure
Room (east wall) shall be conspicuously posted with a large siga bearing
the radioactive caution symbol and the words "Caution - Large Quantity of
Radiocactive Material Located at Bottom of Pool, Immediate Evacuation
Required in Case of: 1. Fire or other Hazardous Condition; 2. Continu-
Ous actuation of radiation alarms; 3. Low pool water level,"

(4) After installation of the Cobalt-60 sources and prior to the
initiation of the irradiation program, a radiation survey shall be con-
ducted to determine the maximum radiation levels above the pool and in
each area adjoining the Exposure Room/Maze area. Should the radiation
survey indicate the need for additional caution signs in order to comply
with the posting requirements enumerated in Section 20,203, 10 CFR 20,
they will be obtained and posted prior to the initiation of the irradiation
program, . ’ !
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Introduction

The cobalt-60 irradiator system designed, constructed, and installed
by Neutron Products, Inc. for the Harry Diamond Laboratories ton51sts
of the following pr1nc1pa1 components:

1. Elevator and elevator drive assembly.

f. Console and in-cell elevator controls.

3. Radiation safety interlock system. .f SRR f}thf ;--1

4 .Status and alarm annunciator. | LY e |

5\ . Water quality systen.

6. Ozone detector. | . | “, ks 4

This: system is deszgned to be operated in two principal 1odes. The
first is the Console Oper?tional Mode (CoM) where the operation is j_‘
controlled from the console located in the control room. 'The souf;e
material is located on the elevator and toevproduct to be irradiated
‘located in the cell adjacent to the pool. Thé second mode of operation
is the In-cell Cperaticnal “ode (ICOM) where the product to be irra- .
diated is placed on the elevator and lowered into the pool where the
source raterial is.s:ored.

Safety Considerations. .

Cobalt-60 emits ionization radiation in the form of hlghly penetrat1ng
gamma photons which are capable of causing injury and death In a
cobalt-60 irradiator, therefore, there is significant potential for
personal injury from the radiation and from the by-products of the

-

interaction of this radiation with air or other materials. Supple-

menting administrative controls necessary to achieve the safe operation,’
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is a radiation safcty interlock system which priﬁarily functions to
subject the sourcc/sgmple elevator operation to controls imposed
by various mechaniéal and electrical safety dévices. The elevator
control system is interlocked with the hazard detection system aﬁd

status-alarm annunciator to provide for the safety of operating

[ —————————— L S

pérsonnel. The system should never be operated by persons not
‘thoroughly familiar w1th basic radlatlon safety concepts and the |

thnct1on1ng of all of the system's pert1nent components. Under no
: .

'circunstances should efforts be made to defeat any components of
. ’ i .
the radiation safety interlock system.

Description of the Radiation Safety Intérlock System
The radlat1on safety interlock system funct1ons as follows'

.A. The source/sample el. ator cannot be ra1sed from the bottom of

&)
the pool in the console operatio-.al mode (CoM) if any one of the o
following conditions exist: o ki, :“.~':; - -
1. Console power is not on; )
2. The irradiator ro&m TV monitor is not on;
3. Low pressure exists in the compressed air supply;
4, The safety air valve in the irradia;or rocm has been pushed;
S. Any one of the three emergency stop bottoms has been pushed;.
6. - Any one of_the three irradiation monitors is not electricaliy.
energized and operational; .
7. The operator has not enteréd the irradiator and turned the
in-cell reset switch and exited from the irradiaéor closing
the maze entrance doors in the prescribed time period of

approximately 15 seconds. This operation is intended to

enforce a final visual inspection of the irradiator cell; and,



The maze doors are opened after the-prescribed time has

passed following the operation of the in-cell reset switch.

B.' The source/sample elevator cannot be raised from the bottom of

|

"energized and operational;

. the pool in the in-cell operational mode (ICOM) if any one of the

following conditions exist:

The console power is not on; ’ } . ) .

The irradiator room TV monitor is not onj

Low pressure exists in the compressed air supply, B
The safety air valve in the 1rradlator room has been pushed

Any one of the three irradiation monitors is not electrxcally

vAny one of the three emergency stop buttons has been pushed;

The operator has not turned the in-cell reset key switch; and

' The operator does not hold the in-cell elevator control key

-switch in its 'On" position.

C. Once in its ﬁp position, the source/sample elevator will immediately

return to the pool bottom if any une of the following conditions

occurs:

1. One of the three emergency switches is pushed; '

2. A hazardcus radiation level is present in the control room;
3. A maze door 1s opened (except during the ICOH),

4. The air supply pressure drops; and, )

S. The TV monitor is turned off.

C'. Since the system also allows for using the elevator to lower product

to a source array located on the pool bottom in the in-cell

operational mode (ICOM), protection for the operator controlling the.

elevator from within the irradiator is provided by the two in-cell

Radiation Area Monitors which will irmediately return the elevator



to the pool bottom in the event that the high radiation level in

the irradiator is detected within the cell during or after

elevator ascent in ICOM.

Additional safety features are as follows:

1. The doors are locked when the prescribed time of approxi-
mately 15 seconds has elapsed following the operation of the

i in-cell reset switch and the operating key swrtch is turned on -

';'77during the Console Operational Mode (COW) The door remains

‘locked until the switch 1s‘turned off and no high radiation '

level exists in the cell. e e o .

2. A visual and audlble alarm_gggnds at the annunciator whenever

.the maze door is Opened once the in-cell Teset switch has been’
_;Ioperated during COM. A suhsequent reset operatxon is requlred.
3.7 stual "and audible alarm sounds when the concentratlon of
d: ‘ozone in the irradiator cell reaches a preset level.
Q:I*The door when €lectrically locked to prevent entrance can
- be opened at all trmes from within the cell for unrestricted
exit. |
5. For a preset time before the elevator starts its ascent
a horn sounds and rotating light beams located wirhin the
cell.and maze are energized. A separate circuit detects a
Aburned out light and indicates this on the annunciator.
6. A single operation key is used for all functions e;cept the
console power switch for which a separate key is provided.
This key arrangement for the reser and operating switch is

designed to insure that the elevator system cannot be operated

in an improper sequence.
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7. The clcvatér drive system which {s composed of a pneumatic

piston and counter weight assembly will operate to return the

g :
elevator to the pool bottom in tﬁe event of either an electrical
power failure or a loss of operating air.

8. H1gh and low pool water level detectors alert the operator
fron the annunc1ator in the control room and a remote mon-
itoring station of potential unsafe conditions.

‘9. The wéter conditioning system filteré and deionizes the
pool water to protect the source encapsulation from corrosion.
A conductivity analyzer alerts the 0perator'of high wafer'
coﬁductivity.

10. The status and alarm annunciating system allows the opérator
at a glance to check the present status (nornal or abnormal)

of various components of the system and not ifi

-

es the 0perator
by audlble 51gna1 of a change in status. Certain key signals
may be .ransmxtted to ‘a remote monitoring station if desired
' Functional Descrxpt1on of Components )
A. RAM #1 - Detects and indicates the radiation level in the
control room and will not allow the e1e§ator to.be raised
or will lower the elevator should the level exceed the high
level alarm setting of 2.5 mR/hr.
B. RAM #2 - Detects and indicates the radiation level of the
irradiater réom. During the period that the radiation excceds
the high level setting éf 20 mR/hr it will keep the irradiator door
locked or in the in-cell operational mode (ICOM) of the system, will
;utomatically cause the elevator to recturn to the pool bottom.

C. RAM #3 - Detects and indicates the radiation level adjacent

to the demineralizer system and will alarm when this level



~

exceeds the selected high level alamm sctting oé 20" oR/hr. Itz__

——— - o — ——

functions also to provide a redpndant hzgh level detectxon and _

“alarm during ICOH and causes elevator to return to pool bottom -

—— -

position if a high radiation level is detected

— — — . ——— o~ ———

Emergency push ‘button switches located on the operating console,

in the maze, and in the irradiator will cause immediate shut

~ down of the elevator energizing system, and lower the elevator.

Safety Air Valve located in the 1rrad1ator w111 vent the

air supply before ‘the elevator dere plston so that the elevator

cannot be raised. This valve should be pushed in whenever ¥

- working in the irradiator Toom.

Level Gauge Hlth read out located in the control room 1nd1cates
the water level in the pool and provides electrical contact

openxngs at ad;ustablc levels ‘to provide alarm and control functicns.

1. Contact set ll causes a high level alamm to be 1n1ciated when

the pool water legel is between 136 and 138 inches.
2. Contact set.'i causes the demineralizer pump to shut
doén when tﬁe 1e§e1 diOps to a point just.above the pump
" intake foot valve, 126 to 130 inches.

3. Contact set #3 energizes solenoid valves to refill the pool

— . - = -

when tho water level 5 7 3 berween 132 and 135 inches.

4, Contact set #& provides a low level alatm if the pool Gater 1:

- semes.mams &= . — ——

_:: level drops to 126 inches.
Radiation Indicator Lights which flash purple are 111um1nated
when the elevator is not in its poo) bottom position, except in
the in-cell operational mode (ICOM).

florn - Sounds for 15 seconds before the elevator starts its
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ascent except in the in-ceil operational mode.

Door Position Switches - Will not allow the elevator to ascend
if a maze door is opened and more than 15 scconda has elapsed
since the system has been reset. If a door opens after the ele-
vator has ascended, it will irmediately descend and rcmain at
the bottom until the system is again reset. In the in-cell
operat1ona1 mode (ICOM) these sw1tches have no functlon.

Door Lock - Prevents the entrance door from belng opened once
15 seconds have passed since the in-cell reset sw1tch has been
operated but allows the emergency exit door to be opened from .
inside the 1rradiator. The 1ock can be bypassed by turning the
Door Lock Bypass watch in a non routlne 0perat10n. B

Door Lock'Bypass Sw1tch - stengages the door lock excep.~

'when the rad1ation level in the xrradiator exceeds the hlgh

level alarm settxng of RAM #2 or RAM #3.

ﬁeset Key Switch loéated w1th1n the 1rrad1ator - Pust be turned
momentarily to reset the control circuit and provide for an
elevator ascent. This operation requires that the maze door

has not been opened at any time once 15 seconds have elapsed

after the reset switch has been operated in the console operatlonal

mode (COM). In the in-cell operatlonal mode (ICOW), the reset

. key switch must be turned before the ICOM key SWltCh is used to

1ift the elevator.
In-cell Operational Mode Key Switch - Which must be held in

position, raises and lowers the elevator from inside the

jrradiator as described in L, above when operating in the ICOM

providing the ICOM key switch has been, and remains turned within

15 seconds of the reset switch operation.
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Console Power Key Switch with its own key applics power to '

the console circuitry, and must remain on except when working

on the system since it controls pcwer_:o the water circulating
system, and the control and alarm functions which must operate
continuously. .

Console Pump Switch - Turﬁs the w;:er quality pump o; and off.

For the pump to be on, the pool water level must be correct

1. 2
.

"and the console pump key sw1tch must be "On" i

-

Console Fill Valve Push Button - Used to manually add water to
the_pool or prime‘the water quality puTp. o,
Annunciator - Provides wvisual status indication of monitored
conditions throughout the Control System. An iIlumin#ted 2

legend indicates an abnormal status' a flashing legend (accom-

- panzed by an audible alarmD indicates 2 status which has changed '

from normal to abnormal a nonillum;nﬂted legend indicates a

normal status.

-

Annunciator Ack (Acknowledge) - Clears the aud1b1e and v1sua1'

.annuncxator 1nd1cat1ons. The visual 1nd1cat10ns then are of .

present cond1t1ons.‘

Annuncxator sil (Silence) - Clears the audible annunciator
indicat1on. Visual 1nd1cat1on remains unchanged. A flashing
indxcatlon means a change from normal conditions has occurred
and may still exist.

Annunciator Test - Tests all annunciator channels for proper
operation. All channels must flash and the audible signal

must be present.
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”"'fbr an extended period of tinme.

Remote Annunciator Switch - Connects the master annunciator

to a remote monitoring point if desired.

Ozone Monitor - Samples the ozone content in the irradiator and

in conjunction with the annunciator, warns personnel of potentially

hazardous concentrations.

Conductivity Monitor - Determines the conductivity of the pool
water at the inlet of the water quality pump and in conjunction
with the annunciator, warns operations personnel of water -

conduct1v1ty which may be detr1mental to source encapsulatlon life

expectancy. 20 | T b g

Watef Quality System
1. Pump - Circulates ‘pool water through the water quallty

% b

system. Note. The pump may have to be prxmed 1f turned off

£ - .Filter - Removes particulate matter from the pool water.

3. ?Pressure Gauges - Provides visual indication of water

eonditiooing systems performance as follows:

a. Both readings hiéh and aﬁproximately.eqoal
iﬁdicotee.restricted flow through demineralizer
tanks or return line to pool.

b. ‘Both readings iow, pulsating, or zero - pump not

.

on or loss of prine.

;c. One reading high and the other low indicates
plugged filter.

d. Both readings moderate with 20 - 30 percent
differences in reading indicates normal conditiohs.

4. Deionizer Tanks - Removes ionic species from the pool water.
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6.

. Air Control Box
{,.
|

ascent or descent of the elévator.

Air Supply Shut-off Valve - When open supplies air pressure

for the elevator drive cylinder and pool level gauge.

Pressure Regulator Assembly - Limits, regulates, and conditions

fthe air supply for the clevator drive and pool level gauge.

Descent Control Valve - Limits the elevator descent speed.
Ascent Control Valve - Limits the elevator ascent speed.

Solenoid Valve (4 way) - Changes the routing of the aif '

supply on ccmmand of the control console, to capse‘either

Reserve Tank - Supplxes sufficient reserve air capacity
to return to the elevator to the pool bottom in the event of

pouer £ailure and/or primary a1r supply system fallure.

Operating Instructions

Note 1:

The following procedure assumes that the total system is

operatibnal.and that all adjustments have been made and-the_system

is on stand by (i.e. The RAMs and other instruments are calibrated

and alarm levels are ﬁréperly set, the compressed air supply is

for additional start up instructions.)

1. Check the console power indicating light.

2. Turn the remote annunciator off.

3. Turn on the closed circuit TV monitor.

4. Turn on the czone monitor.

S. Turn on the conductivity monitor.

6. After 15 minutes has elapsed check and adjust the TV.

7. Push the annunciator test switch and verify that all the

annunciator channels are working.

" on, etc.). (See alsc Note 2 at end of Section V., Operating Instructions,

The light should be on.



Acknowledge the annunciator.
Check the pool level indicater for the proper wafer level,
Check the operation of the RAMs by pﬁshing the up scale

check button. An annuciator should indicate an abnormal

11.

12.

condi;ion for each.

Acknowledge the annunciator. Hereafter, check the cause

condition,

Investigate and correct any improper condition before con-

tinuing.

of any audible annunciator chnnge'and correct any abnormal

Verify the following annunciator channel.conditionsf

"* Channel " Condition
" RAM Power . out
RAM 1 Level Out
M 2 Lovel - A QUt..-
©ORAM 3 Level -  out
High Water i;ve{ Ou;
‘Low Water Level  Out
Low Air Pressure Cut
Sol. Circuit 1 on
Sol. Circuit 2 On
.System Not Reset On |
TV Power - Out
" Door Bypassed Out
Source on Bottom Out
High O:zone Out
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14,

15,

16.

17.

18.
19,

20.

21.

22,

23:

24,

2S.

26.

27.

To irradiate materials at the pool bottom,

or.leaving the facility.

Enter the irradiator. .
Depress maQual air vent safety valve before proceeding with
any operations within the irradiator cell. |

When ready to raise source/sample élevator close the manual
air vent safety valve.

Clear the room of all'personnel Reset - Operate Key Switch..
Make a rapid exit from the irradiator. |

After the irradiator door has closed check the System

Reset annunciator indication. The 1light must be out to

proceed witﬁ the operation. If not, this indicatés a delay
between the operation of the in-cell reset and closing the

door. ' Repeat steps 14 and 15, and make a speedier exit.

Turn the console operate key switch to ""Operate',

Observe the elevator operation via the TV monitor and

counterwexght.

Return the Operate keysw1tch to its of f pos1tion to return
the elevator to the pool bottom. |
Observe the elevator operation via ¥he TV-monitor and/or
counterwexght.

Repeat steps 11 through 13 when re-entering the irradiator

-

Turn off the TV, conductivity monitor, and ozone monitor.
Acknowledge the annunciator.
Turn the remote annunciator on.

replace steps 17 through

22 with the following:

17A. Inspect the elevator to be certain that no source material

is attached.
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18A.

22A.

e ® e oo i

«13- o

Position kaowledgable co-worker with operative survey meter
set o; the proper range to detect any increase in dose rate
as elevatdr rises.

Turn the Reset-Operate Keyswitch.

Turn the Remote Operate Keyswitch a;d hold in position until
the elevator rises and the material is loaded or unloaded.
Release the Remote Operate Keyswitch to lower the elevator
to the bottom.

To remove the material, repeat steps 14, 15, 16, 17A, 18A,

19A, 20A, and 21A. Then, proceed to itep 24,

Note 2: 1If system is off, {.e. not stand by, the following

additional steps are required:

1.

Turn power on to radiation area momitors circuit breaker,

control console circuit breaker, instrument rack circuit

brea}er, and water }1rcu1ating pump circuit breaker in
2chanizal equipment room.

Turn on air supply (closing bleed valve if open).

Turn on console power keyswitch.

Perform any required scheduled maintenance.

P—
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SUPPLEMENT #

Item 1S, Form NRC 313 I, Radiation Protection érqgram
1. Administrative Organization and Responsibilities.

a, Harry Diamond Labcratories ('iDL) functions as a resear+h and
development laboratory of the US Army Materiel Developrment and Readiness
Command ({ormerly known as the US Ayvmy Materiel Cormand, A7, until
February 1976). Consequeatly, the overall direction of rhe HDL ionizing
radiation safety program is stil! guided by ANC Regulatien 385-25,w/Ch 1,
"Safety - Radiation Protection” attached as Annex 6.4 to this supplement.
This regulation is supplemented by HDL Regulation 385-20, "lonizing
Radiation Protection Program' (attached as Annex £ 3) in order tec provide
local guidance to HDL personnel concerning the operational requirements
and administracive procedures necessary for che control of icaizing radi-
ation sources at HDL. A description of the organizatiun, and how auchority
and responsibility is delegated to personnel directly responsible for the
overall radiation protection program is found in Aunex 6-B, Paragraph 5.

b. The HDL Radiation Protection Officer is respcnsible for the radio-
logical safety of personnel using the cobalt facility. He directs all
operations which involve the exposure of p:rsonnel to ionizing radiacion
in order to ensure that exposures are kept within tolerance. 1In addition,
he maintains strict administrative control to minimize hazards during cobalt
facility operations and ensures that ail provisions of the NRC license aad
applicable regulations are complied with., Although, in general, the
Radiation Protection Officer acts through the Ccbalt Facility Supervicer,
he has the authority to halt any operatican at the Cobalt Facility that he
considers a potential radiolegical or safety hazard.

¢. The responsibility for cperaticn of the Cobalt Facility is dele-
gated by the Cormander, HPL, to the Cobalt Facility Operator via the
following chain of command:

HDL Technical Director

Associate Technical Director, 002

Chief, Nuclear Radiation Zffect Ladcratory, 200
Chief, Simulation Technolegy 3ranch, 290

Cobalt Facility Supervisor

Cobalt Facility Chief Operator and Alcternate Operatoer

The Cobalt ?acili:? Superviscr, Chicf Cperator, and Alternate Cperator are
individuals 2utherized o manipulate the sour:ze ¢lements, source elevator,
console centrels, and other ecuiznent isscciated with the control, kandling,
and mzintenance of the facility. 7Tha2se indivicduals will satisfy th2 HIL
Radiation CentrolCommittee as to thair trainiug and experience in the arca
of radiolozi:zal safety and in the use cf radioisotopes. Also, these
individuals sust demonctrate a trorough knewicdze of the Cotalt Factilicy
aperating procelures and applicah'e safacy regulatioans., la addicism &9
the responsibilities cutlined in Annex 6-%, Paragraph 5d, the racilicly
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Supplement No. 6 continued.

' .
Supervisor will eansure that the following tasks are accomplished prior
to conducting experiments in rhe Cobalt Facility.

(1) verify that all experiments involving the use of the Cobalt
Facility have received review and approval cf the HDL Radiation Control
Committee i.i accordance with the procedures set forth in Annex 6-8,
Paragraph 11, of this application.

(2) Ensure that the Cobalt Facility Standing Operating/Emergency
Procedure (included as Annex 6-C to this supplement) is conspicuously
posted in the Cobalt Facility and that experimenters are aware of its
centant,

(3) Determine that all safety equipment and devices are functioning
properly. ' ™

Ze Aduministrative Controls and Procedures,

a. All personnel entering the Cobalt Facility will be aware of and

- adkere to the procedures set forth in the Cobalt Facility Standing Operating/

Emergency Procedure which is included as Annex 5-C to this supp lement.

be All maintenance, repair, or experimental procedures involving the
winipulation of the source elements will require the presence of at least
two irdividuals; one of which must be the HDL Radiation Protection Officer,
the Codait Facility Supervisor, the Chief Operator, or the Alternate
Operator,

c. Personnel exposurcs will be limited by the HDL Radiation’ Protection
Officer in accorlance with current AEC and Army instructions.

d. All proposed modifications to the Cobalt Facility, including all
proposed deviations from established operational or administrative procedures
shall be submitted to the HDL Radiation Control Committee. This committee
shall review such proposals and determine whether or not they are advanta-
geous to the operation of the facility. All proposals will be classified in
one cof the following categories.

(1) Major Safetv Chinge: Any change which affects the degree of hazard
associated with the operation of the Cobalt Facility,

(2) Minor Safetv Chanze: Any change not classified as a major change
which is directly associated with the safety of the Cobalt Facility., 1In-
cluded in this category are changes in the principal administration and
operational procedures, health physics procedures and mechanical or elec-

trical system alterations to the facility,

+ (3) PReutins Chan-a: Changes which have no bearing on the safecy

- characteristics oI tne Cobalt Facility.
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’
e. All major and minor safety changes require the approval of the
HDL Radiation Control Commirtee prior to requesting approval of proposed
changes, through appropriate channels, from the Nuclear Regulatory
Commission.

f. The Cobalt Facility Supervisor will ensure that the tasks
enumcrated in "Cobalt-60 Facility Weekly Checklist'"(Annex 6-D), the
"Periodic Maintenance Schedule" (Annex 6-E), and the "Periodic Cali-
bration Schedule/Procedures' (Annex 6-F) are performed as specified
therein.

g. The Radiation Protection Officer shall perform monthly inspections
of the Cobalt Facility in order to accomplish the following:

(1) Verify that the facility is being used in accordance with pre-
scribed operating procedures,

(2) Perform functional checks on the radiation destection alert
systems.

3. Facility Operations.

a. In order to assure that only authorized persons will use or have
access to the Cobalt-60 Facility, the following physical/administrative
controls have been imposed.

(1) The Maze door, installed to control access from the Control
Room to the Exposure Room/Maze, will be locked at all times unless the
Cobalt-60 Facility is occupied by authorized personnel. .

(2) The Control Room door, installed to control access {rom the
grounds surrounding Building 504 to the Control Room, will also be locked
at all times unla2ss the Cobalt-60 Facility is occupied by authorized
personnel, 1In addition tc the door lock, the Control Room door is
equipped with a high-security hasp and padleck which is controlled
exclusively by r » VLY. Security Guards, The high-security hasp and
padlock will * + "o2c<ed during working hours, and will be secured at
all cther * '~

(3) «. enu ted in the Cobalt-60 Facility Standing Operating/
Emergency vrocecdure (Annex 6-C), the separate keys to the Control Room
door, Maze door, console power switch and elevator drive switch are
rigorously controlled by the Cobalt-60 Facility Supervisor, Chief
Operator and Alternate Cperacor.

(4) All exterior windows installed in Building 504, and any open-
ings (such as air vents) which are Yv scuare inches or over are protecced
against incrusicn by p2rmanent, steel sccurity zrills,
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Supplement No. 6 continued.

(5) The HDL Security Guards provide coﬁtiduOus surveillance of the
Cobalt-60 Facility by performing periodic patrols and also by remotely
monitoring the electromechanical intrusion alarms and ultrasonic motion
detectors installed in the Cobalt-60 Facility Control Room. Actuation of
a surveillance alarm transmits an audio-visual signal to an annunciator
panel monitored by security personnel at the main guard office. Upon
receipt of an alarm, security guards are immediately deployed to arrive
at the site of intrusion in approxizately 2 minutes. In addition to the
security precautions presented above, the entire HDL complex is surrounded
by a 9 gage chain link perimeter fence in order to restrict or impede
access by unauthorized individuals.

(6) The Cobalt-60 Facility Standard Operating/Emergency Procedure
(Annex 6-C) delineates the administrative/physical actions required of
individuals desiring authorized access to the Exposure Room. Annex 5-C
and Supplement No. 5 to this application also define the conditions which
must exist within the Exposure Room/Maze Area before entry is permitted
during the various operational modes.

b. The HDL Cobalt-60 Facility will be used to conduct free-air and
water-well irradiation in order to perform radiation effects testing on
electronic components and for the performance of radiochemistry and
dosimetry experiments. Highly flammable or explosive materials will not
be irradiated at the Cobalt-60 Facility regardless of the operational mode.
In addition to the administrative controls on experiments and experimenters
thus far described in this supplement, all the safety provisions delineated
in the Cobalt-60 Facility Standing Oparating/Emergency Procedures will be
strictly adhered to and enforced. A complete description of the functional
characteristics associated with Cobalt-60 Facility irradiator system and
safety support equipment is presented in paragraphs 2 and 3 of Supplement
No. 5 to this application. The step-by-step operating instructions which
must be followed by the console operator in order to perform free-air
irradiations or water well irradiations involving use of the elevator is
presented in paragraph V of Annex 5-A to this application.

¢. In order to assure that the facility is being operated only when
all safety interlocks and devices are functioning preoperly, the Cobalt-60
Supervisor is assigned the responsibility of assuring that the equipment
checks, maintenance, and calibrations set forth in Annexes 6-D, K-E, and
6-F of this application are thorouzhly performed at the time intervals
specified. Should any of the primary safety support equipment £fail to
function procerly, use of the Cobalt-60 Facility shall be teorminated untid
the cause of the =alfunction has been determined and corrected.

4. Routine Monitoring Program. a. Radiation Area Monitors (RAM):.
(1) The Control Room and Expcsure Room arcas arc equipoed with three

Muclear Measure—ents Corporation Model CA-2T0 ienizing radiation area
monitors installed for the purpuse of detecting raciation levels in these

4
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Supplement No. 6 continued.

’ .
areas on a 24 hour-a-day basis. These RAMs are incorporated into the
Radiation Safety Inzerlock System and the Radiation Warning System as
described in paragraph 2¢ and paragraph 2d(4) of Supplement No. 5 to
this application. In the event of an alarm, the Cobalt Facility will be
evacuated and the Radiation Protection Nfficer will be notified. The
Exposure Room/Maze Area of the facility will not be reentered until the
reason for the alarm has been ascertained or until a radiation safety
survey has been performed.

b. Resin Bed Radiation Monitor (RBM).

(1) 1In addition to functioning as an Exposure Room Radiation Area
Monitor, RAM No. 3 serves as a Resin Bed Monitor (RBM). This monitor is
positicned adjacent tc the pool water deicnization resin bed tanks in
order to provide continuous monitoring of the Cobalt-60 Facility pool
water for the presence of a leaking source element.

(2) Removal of cobalt-60 from the pool water by the water purification
system (a mixed resin bed) will have its greatest effect if all the activity
passing through the demineralizer is removed from the water. Assuming a
constant leak rate from a source element, the activity remaining in the
water would be:

A=A [i-e (-Fc/V)]
F/V

Where A = total activity in the water -
Ay = leak rate
F = water flcw rate through purification system
V = pool water volune ’
t = time since start of leak
exp = exponential function

The fraction of activity in the water of the total released would then be:
At (F/V) ¢

The fraction of activity concentrated in the resin bed of the total released
is 1-A/Ay t. Some calculated values of this fraction for normal values of
the paraceters for the facility are presented below (V = 2327 gal, F = 50 gpn).

DURATION OF 1=AX (DAYS) FRACTION OF ACTIVITY RELEASZD AND
DEPOSITED IN RZSTH 32D
0.968
0.983
0.989
0.992
0.995

~N W
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Supplement No. 6 continued.

(3) Since the resin bed tanks are cylindrical one may use the formulas
and associated data presented in Apolied Dosimetrv, K. K. Aglintsev, London
Iliffe Books Ltd., 1965, to calculate the exposure rate at the surface of
the resin bed tank due to the presence of cobalt-60 evenly distributed in
the resin., The following calculation assumes tlat the resin bed has accumu-
lated 1 microcurie of cobalt-60 from a leaking source element.

P = P IfB

Where P = exposure rate from & solid cylindrical source
Po = exposure rate from emitter if 2ll activity were concen-
trated at the center
{ = coefficient which allows for the geometry of the source
and the distance ‘rom it
f = self-absorption c.e¢fficient (0.369)
B = build-up factor (1.3) -

Pol = Ty q0) Ry {H/Ro (1-1n 2H/RG) + H/Ro 1n [H/Rg + JH/RG)Z + 4]

#2 - Joi/rg)? + 4} = 0.015 s’/n

Where P,I' = exposure rate on surface of cylindrical source
Quol = specific activity of source (1.511 x 10-8 aCi/cmd)
H = cylinder height (106.68 cm)
Rg = cylinder radius (15.24 cm)

Py = R cm?/uCi h for Co-60 (13R/h mCi at 1 cm)
Now P = P IfB = (0.015 mR/h) (0.369)(1.3) = 0.001 mR/h

The above calculations assume that the cylindrical source is homogeneous and
has the density of water. In order to find the true exposure rate at the
outside surface of the 1/16 inch thick steel tank one must calculate the
shielding effect of the resin bed tank material.

Thus: D = B Dy e~ X

Where D = exposure rate at outside surface of resin tank
Dy = exposure rate at inside surface of resin tank
B = Build-up factor (1.0)
u = linear absorption ccefficient (0.4672 cm'l)
X = shield thickness (0.1588 cm)
exp = expcnential function

D = (1.0)(0.001 mR/h)(.9283) = 0.001 mkR/h

(4) Since Py =13 =R/h uCi at 1 em for Co-60, and the exposure rate at
the surface of tZe resin bted tank is 0.001 ~R8/h for each microcurie of Co-60
evenly distributed inside the resin bed tank, the Resin Bed Monitor will be
exposed to approximately 0.17 of the activity in the tank. Assuming a back-
ground count rate of 1000 CPM and a €7, efficiency fzr the detector, the Resin
Bed Monitor has a minimum sensitivicty of 7.12 x 107" uCi &s shown below:

- - - - — . e . e e m—— - n as @cr we t e - —— .
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Min. Sens. = 3/€X (CPMBKG/t)llz

= 3/(.06)(.001) (1000/T)f=1.581 x 10> DPM
!
I - 7.12 x 10°% uci

Where € = counting efficiency
X = fraction of total sample presented to detector
t = counting time
CPMgygg = background count rate

(5) Considering the results of the above calculations pertaining to the
Resin Bed Radiation Monitor, it appears that this system will provide ade-
quate early warning in the case of a leaking source element between routine
leak testing procedures.

¢. Routine/Emergency lLeak Testing.

(1) At periods not to exceed 6 months the HDL Radiaticn Protection
Officer will perform leak tests of all source elemeats in order to assure
that the integrity of the source elements have not been violated. The leak
testing method used will be sufficiently sensitive to detect a 2 x 107" uCi
loss in 24 hours, which is equivalent to less than a 0.05 uCi loss in 6
months. This leak test procedure will also be initiated should the Resin
Bed Radiation Monitor indicate that a source element is leaking.

(2) Procedure: The basic procedure involved in routine leak testing or
{n identification of a leaking element will be to isolate groups of the source
elements in the sealed Leak Test/Isolation Containers described in Supplement
S of this application. These containers are designed so that they can be
loaded with 10 source elements each, sealed, sampled, pumped dry, and flushed
with clean wazer while at a safe depth under water. Once the source elements
are isolated in the Leak Test/Isolation Cont: ‘ners they will be steeped in
clean water for a period of at least 24 hours nd sampled to show an activity
loss of less than 2 x 10™% uCi/24 hours. Shov 1 testing results indicate
that a container nouses a leaking element, the lements in that container
will be divided up between the two leak test = utainers and the procedure
repeated until the leaking element is located.

(3) Sampling sensitivity: An example of an available system on which
the above test may be perforrmed with the required sensitivity is the Nuclear
Measurements Corooration, Model PC-4, gas flow proporticnal counter. A one
liter water sample evaporated to dryness (conservetively assuming a 50%
collection efficiency) and counted for 960 minutes, will give a minizum
sensitivity of 2.23 x 1073 wci/ea’:

Min., Sens. = 3/€Ve (C?HSKG/I)I/Z :
= 3/(0.55) (1000) (0.5) (46.0/950)1/2 = 4.98 x 1072 dpm/ca3
= 2,24 x 1078 wCi/end ‘
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Supplement No. 6 continued.

where € = counting efficiency a
V = sample volume
¢ = collection efficiency during sample reduction
t = counting time
CPMpye = background count rate

(4) No servicing, maintenance, or repair of sources will be done at
Harry Diamond Laboratories. Should a source element be found faulty, it
will be transferred to a Source Leak Test/Isolation Container which will
then be sealed. Upon receipt of instructions for disposition, the source
will be shipped to a licensed facility for repair or ultimate disposal.
Should waste disposal procedures be necessary, it will be handled by the
US Army Armament Materiel Readiness Command, Rock Island, IL in accordance
with the procedures delineated in Army Regulation 755-15, "Disposal of
Unwanted Radicactive Material."

S. Emergency Organization and Procedures.

a. Organization for Emerggpciek:

(1) Any individual discovering fire or other hazardous conditions at
the Cobalt Facility is required by the '"Cobalt Facility Standing Operating/
Emergency Procedure" (attached as Annex 6-C to this supplement) to evacuate
the building, report the nature of the problem to the KDL Guard Office, and
muster in the Bldg. 504 parking lot to await further instructions.

(2) Upon notification of the emergency condition the HDL Disaster Control
Plan specifies the following course of action.

(a) The HDL Guard Office will notify the Fire Department, the HDL Fire
Chief in case of fire, the Medical Office in case of injuries, the Safaty
Office, Radiation Protection Officer, and the Commander. The Guard Force
will deploy personnel to direct emergency personnel to the scene and advise
them of the fact that a radiation hazard may exist. All uninjured persornel
who may have been exposed to ionizing radiation or contaminated with radio-
active material will be directed and detained in a safe area by the Guard
Force until monitoring and decontamination assistance is available.

(b) The Medical Office will treat injured personnel brought to the office
or the Nurse will visit the scene to render First Aid assistance and summon
additional assistance if necessary.

(¢) The Motor Pcol Officer will be alerted to stand-by to furnish
transportation to hospitals.

(d) The Radiolegical Protection Officer will ropresent the Safety Office
at the scene of the emergency in ovder to advise emergency personnel ol the
radiological hazards associated with the incident and assist in evaluating
plans for remedial actions.

- . P 4 . .. .- DA
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Supplement No. 6 continued.

(e) The Safety Eranch, HDL Fire Chief (in case of fire) and the Branch
Chief of involved perscnnel will investigate the accident after mcasures to
eliminate the hazardous condition have been performed.

b. MHazard Due to Abnormal Water Levels or Non-Returning Exposed Source.

(1) The exposure rate at the normal surface of the pool has been calcu-
lated for several water levels and is presented in Figures 6-1 and 6-2. These
were calculated using the exposure buildup factors for a point isotropic source,
infinite medium, calculated by Goldstein and Watkins and presented in Enzineer- -
ing Compendium on Radiation Shieldinz, Volume 1, Springer-Verlag New York Inc.,

1968. As shown by Figures 6-1 and 6-2, the situations in which low water

levels occur do not represent serious emergencies except in extreme cases, ie,
very little or no water. In the extreme case, emergency personnel have the
capability of flooding the pool from a location external to the Exposure Room
by utilizing the emergency fill water system installed specifically for that
purpose; this system is described and illustrated in Supplement No. 5 to this
application. Consequently, the size of the leak required to maint.in the
sources in an unshielded condition (ie, a dry pool) would require the occurrence
of a very improbable event. |

(2) Actions taken in the event of an abnormal water level or source
position are predicated on the assumption that as long as the Exposure Room
remains secured, there is no problem with regard to personnel radiation
hazards. The only personnel exposure hazards that might arise would be
created by the process of correcting the problem. In the case of a nom-
returning, fully exposed source, any procedure which might be initiated,
other than those built in to the system, would be transmitted to the US
Nuclear Regulatory Commission prior to implementation. However, considering
the free fall design of the source elevator and the back-up emergency haul-
down capability (described in paragraph 2b of Supplement No. 5 to this appli-
caticn) the likelihood of this possibility is very minuscule.

¢. Remote Emercency Situations:

(1) The possibility of personnel exposure from falling into the Cobalt-
60 Facility pool is minimized by pool desiga and administrative procedure.
As reccmmended by the Occupational Safety and Health Act Regulations, 29 CFR,
Part 1910, the pool is guarded by a standard railing wich standard toeboarc
on all sides and a hinged floor hole cover of standard scrength (see Supple-
ment No. 5). The Cobalt-60 Facility Standing Cperating/Emergency Procedure
(Annex 6-C of this supplezent) requires that at least two persons be in the
facility when a task requires standing over the exposed tank, Restricted
access to the pool surface and the requirement that two persons be present
when work involves removal of the pool cover minifies the pessibility thac
an unaided individual could fall into the pool.

{2) Rupture or shifting and tilting of the Cobalt-#0 Facility due to
earth covement is ualikely due to the extremely remote possibility cf a
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destructive earthquake in the Washington area. The scismic analysis,
presented in paragraph li of Supplement No. 5 to this application, indi-
cates that the structural characteristics of the Cobalt-60 Facility are
adequate to cope with any probable seismic phenomena.

6. Source Installation. a. The initial shipment and installation of all
cobalt-60 source elements for the HDL Cobalt-60 Facility will be performed
by the source manufacturer (Neutron Products Inc., Dickerson, Maryland) in
accordance with the step-by-step procedures enumerated in NPI Specification
P-5, attached as Annex 6-G to this supplement. The names of the persons
who will be unloading the shipping containers and a description of their
training and experience in performing such operations is presented in
Annex 6-H to this supplement. As indicated by Annex 6-G, the Department

of Transportation approved source transfer container will be lowered to the
bottom of the 12 feet deep water filled pool prior to removal of the source

elements from the transfer container. The remote handling tool described .

in Supplement 5 to this application will then be used to extract the source
elements from the transfer container and install them in the source holding
fixtures located at the bottom of the same pool. Prior to the installation
of the source elements in the irradiation facility the following conditions °
shall prevail:

(1) The transfer will not be attempted until the HDL Radiation Protection
Officer is present and certain that all individuals are competent in all
phases of the operation and are familiar with the locading and monitoring
procedures.

(2) The HDL Radiation Control Committee must approve all source trans-
fer procedures prior to their implementation.

(3) An exclusion area shall be established and cleared of all personnel
not directly involved with the source transfer operation.

During the actual installation of scurce elements into the source holding
fixtures the follcwing precaucions shall be taken:

(1) The HDL Radiation Protection Officer shall perform a series of leak
tests to check for source leakage that may have occurred while the sources
were in transit to HDL. Leak test smears will be removed to non-radiacion
areas ond checked with a G-M survey meter. If no significant activity is
detected on the smears they will be placed in a gas flow proportional counter
for accurate analysis and documentation of activity levels. If significant
activity is found on smears, the transfer operation will cease until the
source of contamination is found and appropriate corrective action tcken.

(2) Continuous monitoring of the radiation levels inside the exclusien
zone will be made during the transfer cperation. This moritoring will ke
accomplished ty use of portable survey meters and also by the remote area
monitors installed in the Control and Exposure Rooms.

10
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Supplement No. 6 continued.

b. After all source elements have been loaded into the source holding
fi:tures at the bottom of the pool a complege radiation monitoring survey will
be performed by the ¥DL Radiation Protection Officer. All areas of the build- .
ing normally occupied by personnel will be checked with portable survey
meters. All equipment used to transifer the source elements and the surface
area ¢ - which the source transfer operation was conducted will be checked
for r. tive contamination by wiping the surfaces with filter paper and
analyz.n he filter paper in a gas flow proportional counter to ensure that
removable surface countamination does not exceed 100 disintegraticns per
minute per 100 square centimeters. Should contamination in excess of 100
dpm/100 cm? exist, the source of contamination shall be determined, elimi-
nated, and decontamination procedures implemented uatil all affected surface

areas are within acceptable contamination limits.

7. TInitial Shieldinz Survev. The shield survey will be performed in two
steps. A cursory survey of the areas adjacent to the Exposure Room/Maze
Areas, such as the Control Room, Mechanical Equipment Room, Radiocactive
Materials Storage Room, HIFX Exposure Room, HIFX RF Shielded Room, roof

and exterior building walls, will be made while the source elevator car
sustains approximately 5 kCi of cobalt-60 in the free-air-irradiztion posi-
tion. Following this, a more ccmprehensive survey will be performed with
the maximum loading of the irradiator elevator allowed by this application.
With the maximum loading of cobalt-60 sustained in the free-air-irradiation
position by the elevator, all areas adjacent to the Exposure Room/Maze Area,
the bulk shielding, and shielded penetrations such as conduits and air
ventilation ducts will be surveyed. These locations will be surveyed with
the sources raised to the most hazardous position with respect to the
particular area being surveyed.

11



HEADQUARTERS
UNITED STATES ARM{ MATERIEL COMMAND

‘.

AMC REGULATION
No. 385-25
CHANGE 1

SAFETY
RADIATION PROTECTION
AMCR 385-25, 12 August 1968, 13 changed as follows:

|
‘8. Paragraoh Sf {s added:

"f. The AMC Surgeon (AMCPT-H) provides medical guidance for the pro-
tection of health of personnel in use of radiation sources."

‘b. Make the following changes:

(1) Parasraohs Sd. sixth line: 6b(3), sixth line: 12b, fourthk line;

10 Februafy 1969

21d, third lin2: 2304(1)(4), Zifch lina: and 31, sixth line, Change
YAMCAD-S" to "AMCSF." : )

(2) Paragraph Se, first li{re. Change "Divisioa" to "0ffice."

(3) Page 48, top of page. Change "(AMCAD-S)" to "(AMCSF)."
(ACSF)

FOR THE COMMANDER:

OFFICIAL: . ) CLARENCE J, LANG
Major Ceneral, USA
Chief of Staff

&. GREGCQ: o
Colonel, G

Chief, Adminiscrative Office

DISTRTBLUTION:
A and B



O

J

N

HEADQUARTERS
UNITED STATES ARMY MATERIEL COMMAND
WASHINGTON, D.C. 20315

AMC REGULATION 10 February 1969
No. 385-25
CIANGE 1
SAFETY
RADIATION PROTECTION
AMCR 385-25, 12 August 1968, is changed as follows:

a. Paragraph 5f is added:

“f. The AMC Surgeon (AMCPT-H) provides medical guidance for the pro-
tection of hcalth of personnel in use of radiation sources."

b. Make the following changes:
(1) Paragraphs 5d, sixth line; 6b(3), sixth line; 12b, fourth line;

21d, third line; 30d(1)(j), fifth line; and 31, sixth line, Change
"AMCAD-S" to "AMCSF."

(2) Paragraph Se, first line. Change '"Division" to "Office."

(3) Page 48, top of page. Change "(AMCAD-S)" to "(AMCSF)."

(AMCSF)

FOR THE COMMANDER:

OFFICIAL: CLARENCE J, LANG
Major General, USA
Chief of Staff

T

Colonel, G
Chief, Administrative Office

DISTRIBUTIONG
A and B




.-

L

HEADQUARTERS
UNITED STATES ARMY MATERIEL COMMAND
WASHINGTON, D.C. 20315

»

AMC REGULATION 12 August 1968

Noo 385'25

SAFETY

RADIATICN PROTECTION

Paragraph Page

PULPOSE ~ o e e e s 1
SCOPE ~recrnnccnanmsrsonnsnnrensssnsssssnennsennn smats et e 2
BB e B B e 5
Responsibilities --eecmmomcammmn oo ccccmcc e e oo 6
AEC licenses and Department of the Army authorizations ~=e----s 7
Local control of radiocactive material --ccccccccncnccnncccaaaa. 8
Radiocactive material eececommomoec oo oo 9
Safe handling of radicactive materials cccccccncecnnnncciancanna 10
Other sources of radiation cecsceceosnscsmisnoncmcsnensonomnn. 4 §
Personnel eXpOSUTE «-eccmacmcoceacccamanmamcan e e 12
Hedical examinations -esesccersmcncoccnssnccncasasesasossoen.n o 13
Periodic medical examinations ==eee-cocemcccocoooomoooonoo ... 14
Training and experience of personnel ---cececccieeecccccoconoooo 15
Personnel doSimetory «-eeeecmmmmmec oo commmomee 16
Radiation SUXVeyS =-eceecccm oo 17
Radiation VATHING SIgNS memcccncscnnmconsnsussdoonnanessssemm e 18
Construction of radiation Fatiliting =vscsvonminisnscsnnnsvenne 19
Operational safety procedures =-meememcccccocomccccccmonceooooo 20
L 21
Contamination levels =eeeeoomomaemc oo oo 22
Personnel decontaminatfon ==-mmeeesccommmmcooccoomooeeo o 23
Equipment and area decontamination =-eeeeeecocooomomoooooo. ... 24
Storage of radiocactive materials =--ee-mmmmoecoomomoomeoooo ... . 25
On-post transportation of radicactive materials ~eecccccaaaao.. 26
Off-post transportation of radioactive materials ecceceeeaao. . 27
On-site command of emergency during transportation eeeeeceeecon. 28
Radiac instrumentation meeecmmmmecccommon oo oo 29
Emergency procedures e=eececacenmco o 30
Additional requirements =eeceemeeeocoomoonn oo ome——een .. 31
REY ¢  tEEENCY POTBONNEL sucimmrnursoennanmrassmmsnssonsnnn o 32
R S e S O -= 33
Appendix A, Glossary of Radiation Safety Terms ~ecvsonas P -
b. Recommended Documents for a Reference Library «c--e-ucoa.

y o
ONNwWwNNDO N

11
11
12
14
14
14
15
17
18
18

22

22

26
27
29
30
31
31
31
33
36
36
37
38
44




" -

AMCR 385-25

1. Purpose. This regulation establishes U.S. Army Materiel
Command (AMC) ionizing radiation protection standards.

2. Scope. This regulation applies to all AMC elewents procuring,
receiving, storing, shipping, using, transporting, maintaining, or
disposing of ionizing radiation-producing materials and/or equipment.
This regulation does not apply to nuclear weapons, nuclear reactor
systems, or spent fuel from nuclear reactors, nor does it apply to
LASER or microwave radiation,

3. General. This regulatiorn supplements AMCR 385-224 and is to
be used in conjunction with AMCR 385-224.

a. Waivers of radiation safety requirements of this regulation
are the same as those set forth in AMCR 385-224.

b. National Bureau of Standards handbooks on radiation pro
tection shall be used as AMC standards in planning of facilities and
local procedures except where such publications conflict with the
requirements of this regulation in which case this regulation shall

apply.

¢. The terms shall, will,or must indicate mandatory require-
ments., T™e term may or should is advisory.

4, Definitions. See appendix A.

5. Policy. a. Prior to the use of sources of ionizing raviation
in any program or project, and prior to the incorporation of a source
of ionizing radiation into an item of supply (issue items), the cost
effectiveness and safety of such use must be weighed against the use
of alternate methods or materials to achieve project or program gozls.
The radiological hazards shall be investigated and written guidance
prepared before supply items containing sources of ionizing radiation
are issued for field use. (The word "radiation" ‘will be used in this
regulation for "ionizing radiation.")

b. Without proper controls, radiation can be hazardous to health

and property. Consequently, proposals to obtain, use, store, transport,
maintain, or dispose of items which are, or contain, sources of ionizing
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radiation will be carefully evaluated to assure that all resulting
exposures to radiation will be kept to a minimum,

¢. Adequate procedures, facilities, equipment, and trained
personriel will be provided to assure the safe use of materials or
equipment capable of producing radiation. Failure to meet this require-
ment will result in cessation of operations or delay in start-up.

d. Commanders of separate activities tenanted upon an instal-
lation will be guided by the installation radiation protection stand-
ards. Local radiation protection standards will not be less restrictive
than those standards established by Federal, Army, or AMC regulations.
Should a separate activity's mission be hampered or restricted oy
the installation requirements, and the difficulty cannot be resolved
at local level, the problem will be forwarded to the Commanding General,
AMC, ATTN: AMCAD-S. '

e. Headquarters, AMC Safety Division, developes and directs
the AMC Radiation Protection (health physics) Program.

6. Responsibilities. a. Installations and activities. Commanders
of installations and activities that procure, receive, store, ship, use,
transport, maintain, or dispose of sources of radiation will:

(1) Establish a formal, written radiation safety program.
(2) Appoint a radiation control committee.

(3) Appeoint a qualified individual as radiological pro-
tection officer (AR 40-14) and an alternate to provide continuity of
operations. '

(4) Assure compliance with Federal, State, and local
regulations,

b. Radiation control committee. The committee will consist
of the commander or his designated representative, the radiological
protection officer, medical officer (where the establishment has a
medical facility), the afety director, and other persons who are know-
ledgeable in the safe u:e of radiation, as are deemed necessary.
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(1) Responsibilities of this committee will fnclude:

(a) Recommending to the commander policies on the
safe use, handling, storage, transport, receipt, shipment, and disposal
of sources of radiation.

(b) Reviewing the radiation safety aspects of pro-
posals for the procurement and use of sources of radiation, the modifi-
cation of existing radiological operations and operating procedures,
and providing recommendations to the commander for appropriate action,

(c) Reviewing applications for Atomic Energy Commis-
sion (AEC) licenses or Department of the Army euthorizations, .

(d) Reviewing and approving the qualifications of
users of radiation,

(e)  Reviewing reports of radiation accidents and in-
cidents to determine the cause and recommending appropriate action to
the commander.

. (2) The radiation control committee should not exercise
the functions of a clinical committee on radioisotopes in a medical
facility, or of a reactor safeguards committee. However, handling,
receiving, shipping, storage, transport, or disposal of radioisotopes
beyond the control of the immediate uedical or reactor staff is subject
to the review of the radiation control committee. ‘:)

(3) The committee membership will be kept up-to-date.
Training and experience reésumes for each member of the committee will
be kept on file by the radiological protection officer. In those cases
where the committee membership list and résumés are on file at the AEC,
the AEC will be advised of membership changes by letter forwarded
through the Commanding General, AMC, ATTN: AMCAD-S. (See AMCR 385-9.)

¢. Radiological protection officer (RPO), The training and
experience of the radiological protection officer and his alternate
must be commensurate with the type and hazard of the radiation source(s)
for which they will be responsible. As a minimum, the formal training
of the radiological protection officer and his alternate will be suc-
cessful completion of the U.,S. Public Health Service Occupational
Radiation Protection Course or equivalent. Organizationally, he should
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be in a position wherein he can effectively advise the commander and the
radiation workers on matters of radiation safety.

(1) 1In cases involving more than 100 millicuries of unsealed
sources and more than 10 curies of sealed sources, the radiological pro-
tection officer should be an individual other than a radiation user.

(2) Responsibilities of the radiological protection officer
will include:

(a) Providing the commander, radiation control commit-
tee, and radiation users with advice and assistance on all matters per-
taining to radiation safety. (Advice includes instructing and training of
workers and visitors in the safe use of protective equipment and proce-
dures.)

(b) Implementing the radiation protection safety program.

. (c) Reviewing radiological operations to determine
compliance with regulations and approved procedures.

(d) Maintaining an accurate record of the inventory of
sources of radiation possessed by the iustallation or activity in accord-
ance with AR 700-52. The record for each item should include: Federal
stock number and nomenclature, manufacturer's model number, description
and serial number, the isotope, source radicactivity and date radioactiv-
ity was determined, chemical and physical form, whether sealed or unsealed,
date received, and using organization and location.

(e) Maintaining radiation protection records.

(f) Performing radiation surveys and leak tests, or
causing such surveys and tests to be performed. The accuracy of tests and
surveys if performed by others remains the responsibility of the radio-
logical protection officer.

(8) Evaluating the hazard potential and adequacy of
protective measures for existing and proposed operations.

(h) Reviewing standing operuting procedures (SOP's) for
operations involving sources of radiation prior to review by the radiation
control committee.

(i) Investigating radiation accidents and incidents.

(j) Reporting the findings of investigations (para
30) in accordance with AMCR 385-3.
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(k) Assuring that radiation detection instruments are
properly calibrated and are available to radiation workers.

(1) Monitoring incidents wherein unusual levels of
radiation or contamination are suspected. ’

(m) Prior to being relieved of his duties, the radio-
logical protection officer will take the following action with regard to
radioactive materials and equipment for which he is responsible:

1. Secure all material and equipment in such a .
manner as to preclude use or removal during the period for which there is
no radiological protection officer appointed; or

2. Turn over to a properly qualified and authori-
zed individual, all materials and records for which he is responsible.
Such an authorized individual will have the qualifications and training
required of a radiological protection officer.

d. Supervisors of radiation workers or radiological projects
will be responsible for:

(1) Maintaining a current inventory of all sources of radia-
tion for which they are responsible.

(2) Knowing the exact location of all sources of radiation
for which they are responsible.

(3) Posting appropriate warning signs and notices.

(4) Assuring that their persounel have received adequate
{nstruction and experience prior to using or being exposed to radiation.

(5) Controlling contamination.

(6) Assuring sources are secured against unauthorized use.
(7) Controlling personnel exposures.

(8) Preparing, prior to the start of any operation involving
radiocactive material or possible exposure to radiationm, an adequai2 SOP
for review by the Radiological Protection Officer and the Radiation
Control Committee prior to final approval in accordance with paragraph
1625, AMCR 385-224. The SOP will contain,as a minimum, responsibilities,
maxioum permissible levels of radiation in the areas concerned, storage of
sources, procedures regarding dosimetry, decontamination, and emergencies.
(This SUP 1s mandatory for operations in which there {s a reasonable proba-
bility of exposure beyond established limits.)
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(9) Enforcing SOP's, rules, and special precautions,

(10) Reporting to the radiological protection officer, any
accident, unusual incident, personnel injury, however slight, suspected
overexposure, and/or suspected internal exposure, as soon as possible
after occurrence, '

(11) Prior to being relieved of his duties, each radiation
supervisor will take the following action with regard to all radioactive
materials and equipment for which he is responsible:

(a) Secure all material and equipment in such a manner
as to preclude use or removal while not under the immediate supervision
of a qualified and authorized individual; or

(b) Turn over to a properly qualified and authorized
individual, all materials and equipment for which he is responsible,
Such an individual will have the qualifications and training required for
the safe handling of the materials involved,

e. Radiation workers will be responsible for:

(1) Xnowing and following SOP's, rules, and special instruc-
tions. ;

(2) Using safety equipment properly.

(3) Reporting to the supervisor any accident; unusual inci-
dent; personal injury, however slight; suspected overexposure and/or sus-
pected internal exposure; as soon as possible after the occurrence.

7. AEC licenses and Department of the Army authorizations. AMCR 385-9
furnishes guidance for installations and activities for obtaining AEC
licenses and Department of the Army (DA) authorizations required by
AR 700-52.

8. Local control of radicactive material. a. Activity and instal-
lation commanders will establish internal procedures to control the
procurement, receipt, shipping, transport, use, maintenance, storage,
and/or disposal of the following radiation sources:

(1) Radioactive solids in excess of 1 microcurie or with a
specific radioactivity exceeding 0.002 microcuries per gram or emitting
a dose rate of 0,1 millirad/hr at contact.
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(2) AEC-controlled materials in excess of the quantities
listed in Title 10, Code of Federal Regulations, Section 31.100.

(3) Machines which produce radiation; e.g., X-ray devices,
accelerators, electron microscopes, etc.

(4) Radiocactive gases or liquids of concentraticns in excess
of the values listed in Table II, Appendix B, Title 10, Code of Federal
Regulations, Part 20. (See para 19 and 20 for disposal and release
requirements,)

(5) 1Items activated in nuclear reactors (including Army re=-
actors), by accelerators or by nuclear weapons.

b. Activity or installation approval of proposed procurement,
receipt, use, transport, storage, maintenance, and/or disposal of radio-

active material will be based upon the following considerations:

(1) Organizational element responsible for the proposed op-
eration.

(2) Purpose for which the materials will be used, including
the desired initiation date and estimated duration of the project.

(3) Materials desired, including:

(a) Isotopes and maximum activities to be used and
possessed at any one time.

(b) Whether sealed or unsealed.
(c) Chemical and physical form.
(4) Qualifications and experience of persons who will
directly supervise the operation and of the Radiological Protection

Officer.

(5) Qualifications and experience of persons who will use or
handle the material.

(6) Locations where sources will be used or stored (building
number, room,and/or area number).

(7) Radiac instrumentation available to support the opera-
tion,

©
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(8) Adequacy of facilities and equipment, storage contain-
ers, exhaust hoods, handling equipment,and protective equipment available.

(9) Adequacy of operational procedures, including procedures
to be followed for collection and disposal of contaminated waste m2’erials.

(10) Adequacy of ‘radiation protection procedures to include
safeguards to preclude emergencies, and actions to be taken should an
esergency occur.

(11) Estimated exposure of operational and nearby non-
operational personnel.

(12) Authority and conditions established in the AEC license
or DA authorization issued to the installation or activity,

2. Activity or installation approval for programs involving
macnines which produce radiation will be based on the following information:

(1) Type of device.

(a) Function.

(b) Manufacturer and model number.

(¢) Radiation output.

(d) Anticipated workload (hours/month).

(e) Whether fixed or mobile operation is anticipated.

(fj Whether single or multiposition exposure head is to
be used. i

e

(8) Pulse duration and anticipated workload.

(h) Target.

(1) Calibration procedure and frequency.

(j) For accelerators, the curie level of the target, the
mode of operation (positive or negative), energy of accelerator particles,
the procedures for exchange of targets,and the available ventilation will
also be considered.

(2) Safeguards.

(a) Shielding.




®

AMCR 385-25

(b) Interlock provisions and console locatiens.

(¢) Estimated exposure based on seven consecutive day
operations modified by the planned workload. (Exposures of operational
and nonoperational personnel must be considered.)

(d) Occupied locations nearby.

(e) Boundaries of restricted area.

(3) Training and experience of operators.

d. Approval of the commander should be withheld until the
radiation control committee ha< datermined that:

(1) The proposed operation complies with regulations, cur-
rent standards, and conditions contained in applicable licenses and/or
DA authorizations.

(2) The operation will not present undue personnel exposure
damage to property.

(3) Personnel are adequately trained.

(4) Facilities, equipment, locations, and procedures are
adequate to assure safe operation,

(5) Necessary conditions and controls are provided.

9. Radioactive material. a. Unsealed radiocactive material should
not be used where sealed sources can perform the desired function,. Un-
sealed radiocactive material may result in the contamination of personnel
and equipment if not properly handled.

b. The least hazardous chemical and physical form should be
selected.

c. Storage or use of eating, drinking, chewing, smoking, and
cosmetic materials will be prohibited in the {immediate areas containing
radicactive materials.

d. Radiocactive solutions will not be pipetted by mouth.

10
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e. Disposable paper towels and handkerchiefs will be provided
workers in areas containing unsealed radioactive materials. Properly
marked receptacles will be provided for the disposal of such patetials.

f. Operations and facilities involving radiocactive materials
should be planned to limit the spread of radiocactive material.

(1) Work areas will be designated, marked, and monitored.

(2) Movement of personnel and unsealed radioactive material
will be minimiz:4.

.~ 8. Ventilating systems will be designed so as to preclude the
spread of radiocactive materials.

h. In the case of sealed sources, the capsule enclos{;g the
radiocactive material and the physical form of the radioisotope will be
chosen to minimize the possibility of dispersion, inhalation,and ingestion
of the material. The capsnle and container should be resistant to fire
and corrosion.

i. Operations using remote-control devices to control sealed
sources of radiation should be designed to prevent leakage or rupture of
the source capsules; to provide a positive means of containment of con-
tamination in case of leakage, rupture or other damage to the capsule; a
positive means of control of the sources from "safe'" to "exposed" position;
and an interlock,visual or audible alarm system to prevent entry of per-
sonnel into the radiation field while the sources are in the "exposed"
position. Compressed gas systems are considered to be the least likely
type of system to meet thece requirements.

j. TB MED 232 provides guidance concernine storage and mainte-
nance of self-luminous devices.

10. Safe handling of radiocactive materials. Additional guidance on
the safe handling of radicactive materials is available in National Bureau
of Standards Handbook 92.

11, Other sources of radiation. a. GCuidance for design of facilities
and preparation of operating procedures for other sources of radiation,
such as X-ray units, accelerators, and electron microscopes, can be found
in Natfonal Bureau of Standards Handbooks 50, 55, 63, 66, 76, and 97, or
replacement documents, available from the Superintendent of Documents, U,S.
Government Printing Office, Washington, D.C. 20402,

11
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b. Hazards associated with the high voltage, secondary beam, :
scattered radiation and activated material must also be considered. Venti- (:)
lation, interlock provisions, shielding design, remote control, and handl-
ing procedures are essential considerations.

¢. Prior to operation,X-ray, accelerator, and similar facilities
should be surveyed by a competent individual for radiological safety haz-
ards in construction and operation. The services of the U.S. Army
Environmental Hygiene Agency are available for these surveys (AMCR 385-7).
In order to avoid modification of or delay in operation of these facilities,
the construction plans should be reviewed by a competent person.
]

12. Personnel exposure. The radiation exposure standards contained .
in this section are applicable to all personnel. Exposures incurred dur-
ing examination or treatment for medical or dental purposes are not to be
included in calculations for compliance with this section. However,
medical exposures shculd be considered in the p{pgraming occupational ex-

posures.

a. Exposure.of personnel will not exceed the following values:

(1) Personnel 19 years of age and over who are occupationally
exposed to radiation:

(a) Accumulated dose to the whole body, head and trunk,
active blood-forming organs, gonads,or lens of the eye will not exceed:

©

1. 3 rem in any calendar quarter, or

2. 5(N-18) rem total lifetime dose where N equals
the present age in years.

(b) Accumulated dose to the skin of the whole body or
the thyroid will not exceed 7% rem in any calendar quarter or 30 rem in
any calendar year.

(¢) Accunulated dose of radiation to the hands and fore-
arms and to the feet and ankles will not exceed 18 3/4 rem in any calendar
quarter or 75 rem.in any calendar year.

(2) Members of the general public, personnel not occupa=
tionally exposed, and persons who are less than 19 years of age will not be
expesed in any calendar quarter in excess of 0.125 rem or in excess of
0.500 rem in any calendar year. Pregnant women will not be exposed to
fonizing radiation for other than medical reasons (AR 40-5). At the first
indication of pregnancy, women should notify their supervisor.

12
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b. Before permitting any individual to receive an exposure in
excess of the limits in a{l) above,K the installatfon or activity will
forward a request through channels, to the Commanding General, AMC, ATTN:
AMCAD-S, for review and coordination. In addition to the information re-
quired in Title 10, Code of Federal Regulations, Section 20.102, the
proposal must contain complete justification and describe the nicans for
assuring that the higher levels requested will not be exceeded.

c¢. Personnel exposure will be kept as low as practicable. The
necessity for exposure must be weighed against the benefits expected.

d. When an individual has received exposure in excess of the
amount established for a calendar quarter, he shall be removed from duties
involving exposures to radiation until subsequent exposure limitations are
established through consultation with competent medical authority. When
an individual has received exposure in excess of that established for a
calendar year, he shall be removed from duties involving further exposure
until his exposure records have been evaluated by Headquarters, AMC, and
subsequent exposure limitations are established. When an individual has
received an accumulated dose of radiation in excess of 5(N-18) rem, he
shall be removed from duties involving occupational exposure to ionizing
radiation until his exposure record has been evaluated by The Surgeon
General, Headquarters, DA, and subsequent exposure limitations are established.

e. Kadiation workers may be exposed to the limits established in
a(l) above, when warranted. However, personnel exposure will
be kept as low as practical. The necessity of exposure must be weighed
against the benefits expected. Should an individual receive exposure in
excess of the limits listed below, the circumstances involved will be re-
corded in the radiation protection records and the affected individual's
DD Form 1141.

(1) 0.3 rem in any seven consecutive days, or
(2) 1.0 rem in any calendar month.

f. Should an individual be exposed to external radiation as well
as internal radiation, his total exposure must be considered and recorded.
For example, should an individual's thyroid receive eight rem in a calendar
quarter as a result of a radioiodine spill, that exposure sliould be added
to his whole body exposure to determine the total dose received by the
thyroid.

g. Additional guidance concerning maximum permissible concentra-
tion and control of internal radiation hazards are contained in Title 10,
Code of Federal Regulation, Part 20, and National Bureau of Standards
Handbook 69.

13
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13. Medical examinations. a. Radfation workers should be given
a preemployment examinaticn which includes medical history, radiation <:>
exposure history, physical examination, and a complete blood count,
Personnel who are to be occupationally exposed to neutrons will be given
a slit-lamp test prior to exposure. If radiation workers are to be ex-
posed to unsealed radiation sources, appropriate bio-assay should be
taken to establish base lines.

b. Any abnormalities will be recorded and carefully considered
prior to exposure or continued exposure.

¢. 1f a similar exarination has been conducted within the past
6 months, those portions of the examination need not be repcated for
which results are entéred in the individual's record.

d. Visitors and personnel on temporary duty for less than 30
days do not require a medical examination provided they will not be ex-
posed to radiation in excess of the levels established in paragraph 12a(l),
or to radiocactive concentration in excess of those given in Title 10,
Code of Federal Regulations, Part 20, Appendix B, Table II.

14, Periodic medical examinations. a. Radiation workers should
te given a medical examination at least once every 3 years. Dependent
upon the work involved, the medical officer may desire to repeat the
examination more frequently.

b. Upon termination of the occupational exposure, the individual
should be given a medical examination. <:>

¢. 1In the event of an overexposure, a medical examination may
be necessary.

15. Trzining and experience of personnel. a. Personnel, including
visitors, who will be exposed to radiation and/or radicactive materials
4111 be informed cf the following information prior to exposure:

(1) The presence of radiatien or radiocactive material.

(2) Health hazards associated with exposure to such materials
and/or radiation.

(3) Procedures and precautions to minimize exposures.

14
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(4) Applicable provisions of AEC licenses, DA authorizations,
regulations, and standine operating procedures,

(5) Emergency procedures.
(6) Pight to receive 2 report of his exposure incurred.
(7) Proper use of protective equipment and clothing.

b. Radiation workers will receive the instruction in‘a above.
In addition they will be instructed in the following areas:

(1) Maximum exposure and contamination levels.

(2) Safe methods of performing work. (The use of protective
equipment and the operational steps involved will be demonstrated.)

(3) Procedures to minimize contamination and to secure
sources of radiation from unauthorized use,

c. Before an individual uses or supervises the use of sources of
radiation, the radiation control committee should determine that his train-
ing and experience are sufficient to enable him to deal safely with mate-
rials involved

d. An individual whose training and experience is not adequate
will be required to work under the direct supervision of a person known to
be quzlified until such time that the individual can demonstrate his
ability on the job. 1In the event such training is not available locally,
inquiry should be made into the possibility of the employee receiving the
required training and experience at another AMC instzllation or activity,

e. Emergency and security personnel will be trained and equipped
to cope with radiological hazards that may be encountered in the perform-
ance of their duties. Training will be sufficient to enable such person-
nel to function without waiting for the guidance of the radiological pro-
tection officer, or other individuals not part of their immediate group.
Such persons will be informed of the existence of situations that might
become hazardous during special or unusual circumstances.

£. A record of training will be recorded on DA Form 750 (Record
of Training) and placed in each employee's official personnel folder.

16. Personnel dosimetry. a. Dosimetry requirements contained in

this paragraph are not applicable to persons exposed while being examined
or treated for medical or dental purposes.,

15
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b. Knowledge of the radiation exposure received by personnel {is
necessary to prevent future cverexposure and possible injury. The Army
film badge packet described in SB 11-206 will be used as the priiary
device to officially determine personnel exposure.

c. Film badges will be worn by each individual who is likely to
be exposed to radiation or radioactive materials. This requiremcnt applies
to visitors as well as installation or activity personuel.

d. Pocket chambers or self-reading pocket dosimeters may be used
to supplement the film badge dosimeter. Such devices are useful when worn
{n areas in which an individual is likely to receive five or more millirem
in 1 hour. In areas in which an individual is likely to rcceive 100 milli-
tem or more of radiation in 1 hour, personnel will wear self-reading pocket
dosimeters in addition to the film badge.

e. The type of film badge (range and type of radiation detected),
the part of the body upon which the badge is to be worn (lapel, belt,
wrist, hand, etc.) and the need for additional dosimetric devices must be
determined by taking into account the type of radiation oxposures to be

experienced.

£. In the event of failure or loss of dosimetric devices, per=-
sonnel exposure will be calculated or estimated from past exposure
histories, results of radiation survey, the exposures of other personnel
under similar circumstances, breath sanpling, bio-assay techniques, and
whole body counting and scanning.

g. AMC personnel who may Ye exposed to radiation at non-Army
sites will wear film badges obtained from the radiclogical protection
officer £ their home installation/activity. On-site film badges may be
worn in addition to the Army badges, but not as substi*utes for the Army
badges. AMC personnel who may be exposed to radiation while on travel
status will furnish the radiological protection officer with a copy of anv
reports of exposure received for inclusion in the DD Form 1141 (Record of
Occupational Exposure to lonizing Radiation) and the appropriate radiation
protection records. In the event differences between the reading of on-
site film badges and Army film badges cannot be resolved, the Arny reading
will be recorded in the individual's health record.

h. Procedures will be established for the centralized 1issue and
control of dosimetric devices:

(1) Personnel will be instructed not to tamper with dosi-
metric devices, either physically, or by causing them to indicate readings
that are not I{nditative of the personnel exposure.

16
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(2) PFacilities will be provided for the storage of dosi-
metric devices when the devices are not being worn. These storage facil-
ities should be located so that the dosimeters will not be exposed to
radiation, or excesses of heat or light. Each film badge dosimeter
storage facility will be equipped with a conirol badge, in accordance with
SB 11-206.

(3) Because of the possibility of being lost, or forgotten or
the possibility of recording a faulty exposure, dosimetric devices must be
stored in a designated receptacle when not being worn.

(4) Personnel on TDY will store their badges in such a
manner that they will not be exposed to radiation when not being worn.
However, personnel on TDY will wear film badges whenever they are exposed
to radiation, whether or not during normal duty hours.

17. Radiation surveys. Surveys should be made under representative
~enditions. The following describaes certain types of radiation surveys.

a. Initial surveys. An initial survey will be made by the
radiological protection officer ¢f sites and areas where sources of radia-
tion will be used and/or stored before an operation involving radiation is
initiated or operational changes are approved, or upon installation of a
device which produces ionizing radiation.

b. Routine surveys.

(1) Surveys of each area in which sources of radiation are
used and/or stored shall be performed by or under the direction of the
radiological protection officer at least once each month. The radiation
hazards incident to the production, use, release, disposal, or presence of
radiocactive materials or other sources of radiation will be evaluated.
Such an c¢valuation includes a physical survey of the location of materials
and equipment, wme3surements of levels of radiation and/or concentrations
of radiocactive material in and around the site. Conditions of stable
storage may be exempted from monthly surveys at the discretion of the local
radiation control committee. However, the intervals of surveys of storage
areas will not exceed 3 months.

(2) The area survey will be performed using suitable in-
struments, and, when 2ppropriate, smear and air sampling techniques. Work
habits of personnel should te observed to obtain data regarding additional
sites to be monitored or areas of improvement for the operational proce-
dures. Lo:cations of the monitoring pcints with the results, statement of
the hazard, and any recommendations as to decontamination, shielding,
procedural changes, etc., will be recorded and filed.

17
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¢. In addition to the surveys in a and b above, special surveys
are required in the event of the following occurrences:

(1) Shipnent or receipt of radicactive materials. Packages
and the unloaded vchicles must be surveyed.

(2) Termination of a project involving radioactive materfals,
A survey {s required to determine that no contamination exists and that
sources of radiation are properly stored or have been disposed of properly,

(3) Unplanned events. Loss of control, spill, overexpos're,
or any unplanned event which could adversely or did adversely affect the
safety of the operation must be monitored. Control must be re-established
to prevent the hazard from i{ncreasing.

(4) Hazardous operations. Particularly hazardous operations,
such as decontamination, encapsulation, or smelting of radiocactive materials,
as authorized by AEC license or DA authorization, must be continually monitored.

d. All places, equipment, persons, and animals suspected or known
to have been in contact with radiocactive material will be monitored for
contamination., Personnel must be monitored before eating, smoking, chew-
ing, drinking, or leaving the area in which radioactive materials are
located.

e. Environmental monitoring. Environmental monitoring will be
performed whenever radiological operations are such that they might have
an adverse {mpact upen the surrounding environment, Ideally, such monitor-
.Ang should be done prior to the inception of radiological operations at an
installation and periodically thereafter., The results of such environ-
mental monitoring should be used to determine the need to modify
controls and/or operations.

18, Radiation waming signs. a. Areas, bui'dings, inclosures, pack-
ages, and containers will be conspicuously rosted with radiation warning
signs as required by AR 385-30; AR 55-55; Title 10 of the Code of Federal
Regulations, Part 20; and Title 49 of the Code of Federal Regulations,

b. Additional instructional or precautionary information may be
posted as desired, but not substituted for the signs required in a above.

19. Construction of radiation faciiiuies. a. Selection of a radiation
facility site will include consideration of the following factors:

18
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(1) Impact of surrounding operaticns upon the proposed
facility:

(a) Radiation background. E
(b) Efflucnts from nearby operations.

(c¢) Fire and explosive hazard,

(d) capability of ébnttolling access,

(e) Possibility of expanding the facility or of using
larger sources.

(2) Impact of proposed facility upon operations in surround=-
ing “reas and in areas downwind and downscream of the proposed site:

(a) Increased radiation background.

(b) Effect of effluent discharge.

(¢) Impact of most severe plausible radiation incident.
(3) Possibility of flood or land movement,

(4) Waste disposal. A separate piping system may be desir-
able for the disposal of liquid waste. :

b. A radiation facility should be a single story structure with-
out a basement, and of noncombustible construction. Floors, walls, sur-
faces, and equipment should be nonporous and easy to clean. Fire fighting
in radiation controlled areas presents problems that must be considered
before any installation of fire fighting devices. While the coatainment
and extinguishment of fires is desirable, the installation of fire fighting
devices must be such that will not result in the contamination of drainage
systems due to runoff; that will not result ia the spread of contamination;
or increase the hazard to personnel. In many instances, "fcg" and "foam"
type devices meet these requirements. Where practical, an zutomatic fire
alarm system, reporting directly to the fire department, should be installed.

€. Ventilation systems must be planned carefully:

(1) Recirculation of air should not be permitted within
buildings containing r+d{-2otive materials.

(2) Air intakes will be located to prevent the entrance of

radioactive effluent from the same or nearby buildings. into the ventila-
tion system,

19
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(3) Air flow will be from nonactive to "hot" areas, through *
filters, to the discharge. '"Hot" areas should be maintained at a negative (:)
pressure to reduce the spread of contamination. Blowers should be posi-

tioned downstream from the filter so that the air is sucked rather than .
pushed through the filter.

(4) Hoods will be interlocked or designed to prevent reverse
flow when all of the hoods are not operating at the same time. The air-
flow rate through openings of the hood should be at least 100 linear feet
per minute. (See NBS Handbook No. 92.)

(5) Hoods, dry boxes, and traps are useful laboratory tools
for minimizing contamination. Dry boxes may not be used for storing or
handling radiocactive materials involving explosives or flammable solvents
unless designed to function as operational shields for the quantities of
explosives or flammables involved. ' .

d. Buildings in which unsealed radioactive materials are handled
should be equipped with shower and monitoring facilities. Two separate
locker rocms separated by a wash and shower room should be provided. The
one locker room is for storage of the worker's street clothing; the other,
for his work clothing.

20. Operational safety procedures. a. High radiation areas should
be interlocked to halt the irradiation upon the entry of personnel to
the area, or otherwise to alert workers of the entry of personnel into
the area during irradiation, The alarm system should be of a fail-safe ‘:)
design of such type that in case of primary alarm circuit failure the
secondary alarm circuit is set off, High radiation areas that exist
for more than 30 days will be equipped with automatic alarms and devices
as required by Title 10, Code of Federal Regulations, Part 20. In high
radiation areas that exist for less than 30 days, app.opriate protective
measures, such as close supervision to prevent unauthorized entry and
exposure, will be taken.

b. Work areas will be designated and marked. Radiation levels
should be measured, and marked where practical.

c¢. Process control devices, such as thickness gages ana moisture
gages, involving radioactive sources, will be designed to protect the
source(s) against mechanical damage and to limit the exposure of operators
and maintenance personnel to limits established for the general public.
The device will be conspicuously and permanently marked with a radiation
warning sign.

d. Each AMC installation or activity having radiation counting

facilities should perform surveys for smearable contamination on outdoor
surfaces.

o
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(1) Levels of radiation sufficiently high to be significant
may result from various sources, such as poor radiocactive waste disposal
practices, radiation incidents, and nuclear weapons testing.

(2) 1If significant levels of radicactive material are
deposited out of doors, this contamination, if not detected, can be
tracked into "cliean" areas and sensitive "low level" laboratories.

e. Emergency exits, passageways, and doorways must be planned to
enable safe movement of personnel in the event of an emergency.

f. '"Hot" drains and tanks should be planned on the assumption
that they will leak and will require maintenance. Unless criticality re-
quirements prohibit, "hot' drains should empty into hold up tanks in order
that samples can be analyzed to effect proper disposal.

g. Whenever a high radiation area is not mechanically secured
to prevent unauthorized entry, a guard will be posted.

ﬁ. Secure, centralized storage facilities will be provided for
radiocactive materials not required in the immediate work areas.

i. Before initiation of an operation or modifying an operation
Involving radiation, the operating and emergency procedures should be prac-
ticed using a dummy source or other non-radioactive material.

4. Explosives, propellants, and excessive flammables will be ex-
cluded from areas in which radioactive materials sre used or stored unless
specifically approved in a DA authorization or AEC license.

k. Personnel with open skin wounds will not be permitted to work
with unsealed radioactive material without an adequate waterproof cover-
ing on the wound and the approval of the medical officer.

1. Containers of radiocactive liquids should be provided with
secondary containment.

m. Except in an emergency, anti-contamination equipment and
clothing will be worn in radiation controlled areas only.

n. Each item of équipment being released from a "hot" area to a
"clean" area will be monitored, and decontaminated if necessary, and certi-
fied by the monitor to have contamination levels below those listed in
table 1.

‘0. Maintenance that must be performed in a radiation controlled
area will be cleared with the radiological protection officer and area
supervisor prior to initiation.
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p. Sealed sources will be leak tested within 5 days after receipt;
. at least once every 6 months (alpha sources every 3 months); prior to
shipments; suspect sources will be withheld from use until leak tested; and <:)
after any suspected or actual damage. Unless required otherwise Ly Army
directives, sealed sources containing less than 10 microcuries of activity
or containing only natural uranfium, natural thorium, or depleted uranium
need not be tested. Leak test results will be recorded in terms of micro-
curies.

q. The quantity of radijactive material stored within a working
area should be limited to the smallest reasonable quantity consistent with
operational requirements.

r. Anti-contamination clocthing and equipment will be prescribed
by the radiological protection officer and will be marked in accordance
with ™ 3-261. '

(;) 21, Disposal. a. Unwanted radicactive materials will be disposed
of in accordance with AR 755-15 (Disposal of Unwanted Radiocactive Mate-
rial). B ' .

b. Radiocactive material will not be buried on any AMC installa-
tion.

¢. Disposal of radioactive effluents (liquids or gases) into
unrestricted areas will be in accordance with Title 10, Code of Federal
Regulations, Sections 20.106 and 20.303, provided local governments do not (:)
prohibit such disposal. Compliance with concentration levels established
in Appendix B, Title 10, Code of Federal Regulations, Part 20, will be
determined by averaging concentrations on a monthly basis instead of an
annual basis. The total quantity of radioactive effluents discharged at
any installation will not exceed the amount authorized a single licensee
under Title 10, Code of Federal Regulations, Part 20. At installations
where more than one licensee desires to discharge radiocactive effluents,
the commander will apportion the amounts to be authorized each licensee.

W

d. Radioactive materials will not be burned or incinerated except
as specifically autheorized by prior approval of Headquarters, AMC
(AHCAD‘S) .

22. Contamination levels. Maximum permissible contamination levels
and indicated actions are contained in tables 1, 2, and 3 below. The fol-
lowing notes and definitions will apply to the use of tables 1, 2,ard 3:

a. "None" shall be defined as the amount of activity which, in
the same counting time, gives a count which is not different from the
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background count. (See National Bureau of Standards Handbook No. 80,
Section 2.5.3, para 2.)

b. No allowance shall be made for particle size or for the use
of protective clothing or equipment for determining whether an individual

is exposed to radicactive concentrations in excess of the levels specified
in this regulation.

¢. Iitems which cannot be decontaminated will be marked and

tagged o indicate their condition, and will be removed from use penqing
further decontamination or disposal.

d. Contamination should be kept at a minimum at all times. The
publication of maximum permissible contamination levels should not be used
as a license for unwarranted relaxation of controls.

e. Abbreviations used in tables 1, 2, and 3 have the following
meaning:

dpm = disintegration per minute
2

cm™ = square centimeter

MPC = Maximum Permissible Concentration. See Title 10,
Code of Federal Regulations, Zart 20, and National Bureau of Standards

2:ndbook 69 for Maximum Permissible Concentrations of Radionuclides in
Ts




Table 1, Maximum permissible contamination on inanimate objects.

CONTAMINATION LEVEL

Alpha Beta-Camma
Item and Corrective Action Fixed (F) or dpn/100 cm? dpm/100 cm? mrad/hr ‘:E
Removable (R) Instrument Smear at 1 in. dpm/100 cm? =
L
-~
1. Personal clothing, including shoes. '-,f‘
Replace, decontaminate or store for F 200 0.2 14
decay, {f above: R None None
2, Protective clothing, incl. shoes.
a, General. Should be replaced or F 1,000 0.5
decontaminated, 1f above: R 200 1,000
b, Laundry. Do not release to public F 200 0.4
laundry, 1f above: R 50 260
5., Respirators F 200 0.06
R None None
3. Laberatories and work areas:
a. Uncontrolled areas. Require F 200 0.25
" controls and posting or decontaminate, R 30 160
- if above:
k. Contcolled areas. Decontaminate, F 1,000 2.0
or if impossible, fix with periodic R 200 1,000
check on fixation,1if above:
4. Vehicles:
&. Use in controlled areas. Decon=- F 1,000 2.0
taminate or if impossible, fix, R : 300 1,000
if above:
b. Use in uncontrolled areas., Decon=- 1 4 500 0.4
taminate,if above: R 30 500
5. Tools, equipment and containers. Prior to 4 200 0.25
non-radioactive use, decon it above: R 50 100
6. Shipping containers, outside surfaces, F 500 0.25
decon {f sbove: R None None
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Table 2, Afirborne contamination levels,

Alpha Beta
Required respiratory protection Concentration Concentration
' lHalf face mask with filter or
canister respirator. 1 MPC 1 MPC
! Supplied air or self-contained
: air supply with full face mask. 5 MPC 10 MPC

lror operations under the control of an AEC license, specific approval of
the AEC must be obtained before making any allowance for use of respira-
tory equipment,

~
N

Table 3. Maximum permissible personnel contamination.

t ) Area and acticn Alpha or Beta-Camma

l. Skin. Contact medical officer

if contaminated on face or over Any detectable level above
major area of the body. Continue background.
decontamination, 1f above:

2. Hands., Continue decontamination, Any detectable level above
if above: background.

25
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23. Personnel decontaminatfon, a. Thorough washing with non-
sbrasive soap and lukewarm water is the best general method of decon-
tamination of the hands and other parts of the body regardless of the
contaminant, If the contaminant is locallzed, it is often more prac-
tical to mask off the affected area and cleanse with swabs, rather than
risk the danger of spreading the contaminant by general washing. Or-
ganic solvents must be avoided as decontamination agents because they
may increase the probability of the radiocactive materials entering the
body through skin absorption., Special attention must be given to the
areas between the fingers and around the nails, The outer edges of
the hands are readily contaminated and often neglected in the washing.

b. After repeated washings, the skin may tend to chap. To avoid
this, apply lanolin or hand cream and then continue to wash. If repeated
washing with soap and water is unsuccessful in decontamination, the indi-
vidual should be referred to the local medical officer for application of
the more drastic chemical decontamination procedures listed in the National
Bureau of Standairds Handbook No. 48,

c. If it is suspected that any person, by inhalation, ingestion,
or by any other manner, has introduced radicactive materials into his
body, the local medical officer will be notified immediately so that medi-
cal procedures can be initiated to facilitate the elimination of such
material. Contamination over a large area of his body or his face
111 be the basis for suspecting that the person is intemmally con-
taminated.

d. In the event an individual is contaminated on a large portion
of his body, the following decontamination procedure is recommended:

(1) Place the individual under a lukewarm shower.

(2) Using a mild toilet soap, individual will cover his
entire body withk lather.

(3) While still covered with lather, the individual will

. step cut of the shower. An assistant will then cover the individual with

a heavy coat of mild soap flakes. (The purpose of the lather is to cause
the soap flakes to adhere to the person,) .

(4) Using his hands, the contaminated individual will rub
the soap flakes on his body into a paste.

(5) Individual will then return to shower and attempt to
rinse off the soap by starting at the top and working his way down. (Note,
It will be necessary for the individual to rub body surfaces with his hands
while rinsing, in order to remove svap paste.) Soap paste will remain in
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those areas that have not been thoroughly rinsed. Although a soft cloth
may be used, a brush may not. Particular attention should be given the
hairy portions of the body.

(6) When the individual has rinsed himself Lo the point that
he no longer feels slimy and while still under the shower, he will be ex-
amined by an assistant for traces of scap. The presence of socap will
indicate which areas of the body have not been decontaminated.

(7) After removing all traces of soap, the individual will
leave the shower and dry himself.

(8) After drying off, the individual will be monitored. 1If
the fndividual {s still contaminated, procedures cutlined above will be
repeated,

d. In all cases of personnel céntamina;ion. the radiological
protection officer will be consulted.

e. All water used in the washing and rinsing described above
will be contaminated and its disposal should be conditioned by this fact.

24, Equipment and area decontamination. a. General methods.

(1) Care must be taken during tne decontamination process to
- avoid further spread of the contaminant which can be cccomplished by:

(a) Always taking precautions te contain the contamina-
tion by the use of monitoring, protectire clothing, and shoe cuvers.

(b) Always working from the areas of least contamina-
tion toward the area(s) of the heaviest contamination.

(¢) Using a minimum amount of decontamination liquids
(’) and being aware that the runoff solutions, mops, rags, and brushes will
t- all be contaminated.

(2) The methods listed below should be tried in the follow-
ing sequence:

(a) Damp mopping. The area is wiped with a damp rag.
The wiping surface of the rag i{s changed repeatedly to minimize spreading
of the contaminant,

(b) Water and detergent, The area i{s wetted with a
minimum amcunt of detergent solution., The area is then wiped dry with
absorbent gauze or cloth,
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(c) Steam cleaning. €E>

(d) Cleaning with solvents other than water.

(e) Surface removal by use of chemicals, abrasives, sand
blasting, grinding, etec.

(3) Vacuum cleaners. Only vacuum cleaners which are equipped
with absolute filters and which have been tested for filtration efficiency
may be used. The filtration efficiency will be tested after each replace-
ment of the filter and each time contents are emptied.

b. Specific methods. If the above methods (a above) do not work,
the following specific methods may be tried:

(1) Metals.

(a) Remove any oil from the surface with organic
f*) solvents.

(b) Soak in a solution of citric acid prepared by addi-
tion of one pound of citric acid to one gallon of water.-

(c; Soak in a solution of diluted hydrochloriec acid
prepared by carefully adding one part of commercial grade concentratred
hydrochkloric acid to four paris of water. Hydrochloric acid should not be €:>
used on stainless steel becau:e of the etching which will take place and
destroy the smooth surface of the metal.

(d) Use metal polish.

(2) Plastics. Clean with ammonium citrate, dilute acids, or
organic solvents (of a type not injurious to the plastics).

’ (3) Glass and porcelain. Clean with detergent solution. If
j) this method fails, soak in concentrated nitric acid or chromic acid cleaning
solution.

(4) Painted surfaces. Use paint remover, or, in cases where
surfaces were coated with a strippable paint, peel the paint from surface.

(5) Rubber, including respirators and gas masks. Wash with
detergent and water or with a warm 20 per cent (by weight) water solution
of sodium citrate.

¢. Decontamination of clothing.




\_J

AMCR 385-25

(1) Determine extent of contamination using an AN/PDR-27, or
equivalent, with the beta shield removed, and with the AN/PDR-60, or
equivalent,

(2) Wash in special laundry facility (home type or other
washer and dryer kept in the facility for washing "hot" clothing only).
Use the following steps:

(a) Soak overnight in water solution of laundry
detergent,

(b) Drain.

(c¢) Wash for full cycle with hot water and laundry
detergent.

(d) Rinse, dry and remonitor.

(3) Water utilized for washing, rinsing or soaking contami-
nated clothing will be contaminated as a result of such usage and its
disposal should be conditioned by this fact. Laundry equipment may be-
come contaminated also.

d. Monitoring technique. Check crevices and inside corners of
areas, tools, and equipment. Special attention should be giveu to oily and
greasy surfaces such as those on automotive equipment.

25. Storage of radiocactive materfals. a. Areas will be set aside
for the secure storage of radioactive materials. These areas will be
used to store only radioactive materials. The storage area will be free
from the danger of flooding and outside the danger radius of flammables
or explosives. Physical security standards for storing radicactive mate-
rials are contained in appendix A, AMCR 190-3.

b. Each storage and shipping container will be marked as required
by AR 55-55 and AR 385-30, whether or not the radicactive material is under
the license control of the AEC. Laboratory containers such as flasks and
test tubes need not be marked as long as the user is continuously present.

¢. Radioisotopes will not be stored in glass containers unless
secondary containment is provided.

d. Radioisotopes should not be transferred from one storage con-
tainer to another within the storage area. A system will be prcvided to
control and record the "check in" and '"check out" and monitoring of radio-
active materials,
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e, Stcrage areas will be adequately ventilated as determined by
the RPO if gaseous sources are being stored. (:)

f. All sources and containers will be labeled. The areas will
be monitcred periodically to assure adequate shielding and to detect any
contamination,

g. Dose rates of a shipping container should not exceed 20C
mrem/hr at the surface nor 10 mrem/hr at 3 feet from any surface of
the container.

h. Operating officials will keep a current record of all stored
radiocactive material, and a copy of this record will be forwarded to the
RPO. The RPO will conduct a physical inventory every 6 monchs,

26. On-post transportation of radioactive materials. Within an in-
stallation, it is usually not convenient to package and transport radio-
active materials in the manner required for off-post shipments. However,
the folloving precautions will be observed:

8. In 1oading the vehicles:

-

(1) Keep with’a the weight limitations.

(2) Limit or arrange cargo to keep radiation levels, to
which personnel (including the driver) will be exposed during transporta-
tion, as low as possible. Maximum permissible dose rate in occupied areas ‘:)
of the vehicle will depend upon the time required to transport the mate-
rial. The driver will wear a film badge and will not be exposed to
ionizing radiation in excess of the limits indicated in paragraph 12a.

(2) Keep the containers away from the cab of the vehicle.

b. Do not haul loose radioactive materials. Tail gates should
be closed to minimize the chance of cargo loss.

¢. Containers should be sturdily constructed, sealed air-tight,
and be free of removable contamination. Each container must have a com-
pleted DA Label 15 (Cautifon: Radiocactive Materials) unless specifically
exempt by military specification M-19590C.

d. The route used should be plaaned to avoid areas in which ex-
plosives are stored or handled and in which there is heavy traffic or per-
sonnel activity. The fire department, guard force,and safety director
should be informed of the exact route and time of movement in sufficient
time tq allow implementation of any special protective measures required.
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e, A suitable vehicle should be used. Vehicles that are dif-
ficult to decontaminate, and privately-owned automobiles should not be
used,

f. Unless emergency personnel (guard force and fire department)
have demonstrated a capability to cope with a radiological emergency, a
technically trained person should accompany the movement to be able to
advise in the event of an emergency,

2:. Off-post transportation of radiocactive materfals. a. Radio-
active material will be transported in accordance with AR 55-55 and
applicable Federal and State regulations.

b. Radioactive material should not be forwarded through the U.S.
mail channels except in an emergency. Should transmission by mail be
necessary, shipment will comply with Part 125.24, U.S. Postal Manual, and
will be registered. A

c. Containers should be secured by blocking qr tie down, when
appropriate., '

d. Materials shipped will be properly addressed to insure
delivery to the proper installation and section within the installation,

e. Personnel who will transport and/or escort radiocactive ship-
ments will be briefed as to potential hazards, methods to minimize hazards
and emergency procedures. In addition to the briefing, personnel engaged
to transport the radiocactive material will be given a comploted DD Form 836
(Special Instructions for Motor Vehicle Drivers) supplemented with written
emergency procedures., Written information will be provided as to the means
for obtaining assistance of radiological emergency teams off-post,

f. Consignees will be notified in advance of impending shipments
in order that consignees may assure that they have the capability to re-
ceive and handle the materials being shipped.

28, On-site command of ewergency during transportation. The ranking
person accompanying the shipment will take immediate steps to clear the
area and request assistance. He retains command at the accident site
pending the arrival of the commander of the nearest military installation
or his representative. The designated Army area representative assumes
respon-.bility upon his arrival.

29. Radiac instrumentation. a. Sufficient radiac instruments will
be available to properly support the use of radiation sources. The
instruments will be capable of detecting the types and levels of radiation
involved and any possible resulting contamination,
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b. Personnel monitoring devices will be immediately available
{n areas in which radioactive materials are handled.

¢. All instruments used for radiation protection will be cali-
brated at least every 3 months, and after each maintenance or battery
change. More frequent caiibration will be necessary for instruments which
receive heavy use., Dosimeters need to be calibrated only at 6-month
{ntervals. Dose rate instruments used to determine time of stay and expo-
sure estimates should be calibrated at a minimum of two points on each
{nstrument scale., The instruments will be labeled with DA Label 80 (U.S.
Army Calibration System) to show the date of the last calibration, source
or method used for calibration, and the initials of the calibrator.

d. Faulty instruments will be tagged with DA Form 2417 (Unservice-
able Test Instrument or Standard) to prevent their being used before having
been repaired.

e. Each instrument used for radiation protection should be pro-
vided with a check source or test sample.

f. Pocket dosimeters should be calibrated every 6 months. At
the time of calibration, the correction factor for the dosimeter should
be determined. Dosimeters which leak more than 5 percent of full scale
after 24 hours in a radiation free area or which have an error of more
than 10 percent should be repaired. Dosimeters should be calibrated by
exposing them to known sources of an energy level comparable to that which
the dosimeter will be exposed during use. Each dosimeter will bear a ‘i)
label showing the correction factor and the date of calibration. The cor-
rection factor is determined by dividing the actual level of radiation
by the indicated level.

g. Dosimeters are used to give thé wearer an estimate of his
exposure while receiving the dose, in order that he may limit himself to
permissible levels. Disagreement between dosimeter and film badge measure-
ments is to be expected. The film badge reading will be used as the offi-
cial dose for record purposes unless the badge is proven to have recorded
an incorrect exposure,

h. Instrumentation must be selected based on the type and level
of radioactive material and/or radiation to be encountered. In high radia-
tion areas, it is desirable to have a high-range survey meter in addition
to a low-range meter, in order to cover the range of dose rates likely to
be encountered.

1. If funds permit, duplicate radiation protection instruments
should be available. The duplicate instruments will avoid the necessity
of shutting down a radiological operation until an instrument can be re-
paired or replaced.

v
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30, Emergency procedures. a. In view of the complicating factors
that may arise in an emergency, it is impossible to establish simple
rules of procedure to cover all situations *f 2 radiation emergency.
However, in any emergency, the primary concern must always be the protec-
tion of personnel from radiation hazards. Confinement of the contamina-
tion to the immediate environment of the accident should be a secondary
concern, Copies of the investigation report, relative to exposures
received by the personnel involved, will be given to each individual in-
volved in that emergency.

b. Emergencies will probably be of the following types:

(1) Spill of radiocactive material.

(2) Explosion.

(3) Fire.

(4) uvverexposure.

(5) Injury to personnel.

(6) Loss of radioactive source.

(7) Vehicular accident involving radiocactive material.

¢. The medical officer of each AMC element having radiation
sources shall establish written medical procedures for radiation casualties.

d. Emergency procedures will be preplanned &nd rchearsed at least
once each year. In the event of an emergency, the following action will be
taken:

' 4
\:> ' (1) Spills or uncontrolled spread of contamination.

v

(a) Notify all persons not involved with the spill to
vacate the area at once.

(b) If the spill is liquid and the hands and clothing
are protected, right the container and take steps to contain the spillage.

(¢c) 1If the spill is on the skin, flush thoroughly.

(d) If the spill is on the clothing, discard cuter or
protective clothing at once.

(e) Notify the local radiological protection officer.

33
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(f) Decontaminate personnel. 9
(g) Decontaminate the area.

(h) Monitor all persons involved in the spill aud clean-
ing operation to determine adequacy of decontamination.

(i) Permit no person to resume work in the area until an
area survey is made and the area is cleared by the radiological protection
officer.

(j) Prepare a complete history of the iucident and decon-
tamination operation related thereto for the facility or area records. The
history will include a statement of the corrective actions taken to prevent
a recurrence, Forward within 2 weeks of the accident, an information
copy to the Commanding General, AMC, ATIN: AMCAD-S.

(2) Accidents involving radioactive dusts, mists, fumes,
organic vapors, and gases. :

- ] (a) Notify all personnel not directly involved with the
incident to vacate the area immediately.

(b) Hold breath, and switch off any air circulating
devices; e.g., fans, air conditioners, blowers, etc.

(¢c) Vacate the area to a predesignated region, and allow ‘:)
no person to leave until monitored.

(d) Close and seal all entrances into the area and post
conspicuous warning signs or guards to prevent doors from being opened ac-
cidentally.

(e) Notify the RPO,

(f) Immediately report all known or suspected inhala-
tions of radicactive materials to the local RPO and the medical officer.

(g) Evaluate the hazards and the safety devices required

for safe re-entry and apply the "two man rule."

(h) Determine cause of contamination and rectify the con-
dition.

(i) Decontaminate the area.
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(§) Perform an area survey (including air sampling) of
the area before resuming normal operations,

(k) Monitor all persons suspected of contamination.

(1) Prepare a complete history of the accident and
subsequent activity related thereto for the facility records, Forward,
within 2 weeks of the fncident, an information copy to the Commanding
General, AMC, ATTN: AMCAD-S,

(3) Injuries to personnel involving radiation.

(a) Wash minor wounds {mmediately under running water
while spreading the edges of the wound.

(b) Contaminated personnel who are injured In any
radiological accident involving injured personnel, the local medical offi-
cer will be notified immediately. Unless an emergency medical reason re-
quires that the injured person be removed immediately, the injured person
will not be transported until a litter or ambulance is available. If,
however, other emergencies exist (e.g., fire or possible explosion), good
common judgment should be used. Moving of the patient may become impera-
tive.

(¢) Personnel with minor wounds will be monitored and
decontaminated, if necessary, before leaving the radiation facility. 1f
the wounds are of a serious nature, the injured individual will be wrapped
in a blanket to prevent the further spread of contamination, and immediately
be removed to the nearest medical facility. Persons accompanying the in-
dividual will warn the medical personnel that there is a possibility that
the injured is contaminated.

(d) Report all radiation accidents (overexposure, wounds,
ingestion, inhalation) to the personnel involved, to the medical officer,
and to the RPO,

(e) Permit no person involved in radiaticn injury to
return to work without the approval of the attending physician and the
RPO,

(£) Prepare a complete history of the accident and
subsequent activity related thereto for the radiation facility records.
The history will include a statement of the corrective actions taken to
prevent a recurrence. Forward, within 2 weeks of the occurrence, an in-
formation copy to the Commanding General, AMC, ATTN: AMCAD-S.
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(4) FfFires and other major emergencies,

(a) Notify all persons not directly {nvolved with the
incident who are in the area.

(b) Notify the fire department and other emergency per-
sonnel,

(e¢) Attempt extinguistment of fires using readily
available first-aid type extinguishers i{f a radiation hazard i{s not im-
mediately present. Efforts should be made to prevent water or fire fight-
ing chemical from coming in contact with the radiation source. Attempt to
control runoff, preventing it from entering sewers or drainage systems
until it has been monitored.

(d) Notify the RPO,

(e) The RPO will advise and assist the emergency per-
sonnel,

(f) Following the emergency, monitor the area and
determine the protective devices necessary for safe decontamination,

(g) Decontaminate,.

v (h} Monitor all persons who were in the emergency area
and those who were involved in combating the emergency.

(1) Monitor downwind, delineate all contaminated areas,
and restrict access as necessary.

31. Additional requirements. The above reporting requirements are in
addition to the requirements of AR 385-40; AMCR 385-2; AMCR 385-3; and in
addition to Title 10, Code of Federal Regulations, Sections 20.401, ,402
and ,403, when AEC-licensed material is involved. Information copies of
reports to the AEC will be forwarded (AMCR 385-9) immediately, through
channels, to the Commanding General, AMC, ATTN: AMCAD-S. '

32. Key emergency personnel, Key emergency personnel, such as Provost
Marshal, Fire Chief, Medica' Officer, and Safety Officer will be kept
currently informed of the receipt, storage, use, disposal, or transfer of
radiation sources and will be sufficiently trained and equipped to cope
with radiological emergencies indupendent of the presence of the RPO,
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33, Records. Records will be maintained to document all aspects of
the radiation protection effort. Included are:

a. Licenses, authorizatione, and supporting applications.

b. Receipts, transfers and shipment records, notification of
movement, and instructions to drivers.

c¢. Inventory and leak test records.
d. Instrument and source calibration records and certificates.
e. Utilization logs and radiation work permits.

f. Radiation survey records which include description of each
use, operation or work performed; radiation levels and personnel exposure
rates encountered; airborne and swmearable contamination detected; hazards
and corrective action, estimated personnel exposure; and disposition of
radiation sources,

g. Environmental monftoring records.
h. Waste disposal records.

1. Records of training, plans of instruction, experience and
certification of radiation workers.

j. Standing operating procedures.
k. Records of special studies, investigations.

1. Ccpies »f reports originated and received.

_
W/

m. Inspection reports and related papers.

n. Radiation analysis files.

o, Minutes of committee meetings.

p. Directives and interpretation of regulations,

q. Personnel occupational exposure records., AR 40-14 requires
the custodian of the medical records to prepare and maintain DD Form 1141
for each person occupaticnally exposed to {onizing radiation. For ad-
ministrative control purposes, it {s recommended that the Radiological
Protection Officer maintain forms AEC-4 and AEC-5 also, where AEC licenses
are involved. These forms are available at the U.S. Atomic Energy Com-
mission, Division of Materials Licensing, Washington, D,C. 20545, and may
be reproduced locally.
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Appendix A C

GLOSSARY OF RADIATION SAFETY TERMS

APPROVAL. Official certification of compliance with the provisions of
this regulation and with instructions and directives as issued by
Headquarters, AMC, or with those of other approving agencies specifically
referred to in this regulation.

BACKGROUND RADIATION. Radiation arising from radiocactive material other

than the one directly under consideration. Background radiation due to ‘
cosmic rays and natural radioactivity is always present. There may also

be background radiation due to the presence of radicactive substances in

vther parts of the building, in the building material itself, etc.

CONTAMINATION (RADIOACTIVE). Deposition of radioactive material in any
place where it is not desired, and particularly in any place where its
presence can be harmful. The harm may be in invalidating an experiment
or a procedure, or in actually being a source of danger to persons.

CURIE. A unit of activity defined as the quantity of any radioactiYG
nuclide in which the number of disintegrations per second is 3.700 X 10
- millicurie - One-thousandth of a curie (3.700 X 107 dis-
integrations per second). ‘:)
- microcurie - One-millionth of a curie (3.700 X 10% dis-

integrations per second).
DOSE.

1. Absorbed Dose. When ionizing radiation passes through matter,
some of its energy is imparted to the matter. The amount absorbed per unit
mass of irradiated material at the place of interest is called the absorbed
dose and is measured in rads, where

1 rad = 100 erg/gm = 1/100 joule/ksg.

The rad unit is applicable to any type of ionizing radiation, but in report-
ing dose, the type, as well as irradiated material (for instance, tissue),
and the place of interest must be specified. Without the above three
factors, a statement of absorbed dose received is incomplete and probably
useless, since the same dose of different kinds of radietion, even delivered
to the same place, can produce entirely different effects.
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2. Exposure Dose. See EXPOSURE

3. Biological Dose. The radiation dose absorbed in biological mate-
rial., It is measured in rems.

DOSE_EQUIVALENT. The term "RBE" dose has been used in the past in both
radiobiology and radiation safety. It is now recommended that the term
RBE be used in radiobiology only and that another term be used for purposes
of radiation safety. The linear-energy-transfer factor is multiplied by
the absorbed dose, Da, to obtain a quantity that expresses on a common
scale the irradiation received Ly persons exposed to all ionizing radia-
tions. The name recommended for the linear-energy-transifer-dependent factor
is quality factor, QF. Other factors must also be considered for the pur-
poses of radiation safety. A distribution factor, DF, is used to express
the modification of the biological effect of radiation due to a nonuniform
distribution of isotopes in the body. The distribution factor, like the
quality factor, also affects the absorbed dose when radiation safety is
being considered. It is recommended by the International Commission on
Radiolegical Units and Measurements that the final calculated dose

received by an individual after the absorbed dose is modified by the
above-mentioned factors, plus any other factors that may effect the incom-
ing radiation, be called the dose equivalent, DE. If the only apparent
modifying factors are QF and DF, then:

DE = Dy (QF) (DF).

-

If other factors must be considered and are defined, then:
DB.Da (QF)(DF)'O.IO.

where the dots take into account the product of these other factors. The
unit of dose equivalent, DE is the rem. The unit of absorbed dose, Dy, is
the rad. (Compare definitions of Rem and Rad.) Although the above defini-
tion of dose equivalent does not cover a number of theorectical aspects (in
particular the physical dimensions of some of the quantitics) it fulfills
the immediate requirement for an unequivocal specification of a scale that
may be used for numerical expression in radiation safety.

EXPOSURE. The term "Exposure Dose" is obsolete. Exposure is a term

adopted by the International Commission on Radiological Units and Measure=-
ments in 1962 to replace the term "exposure dose" introduced in their 1956
report. The quantity is used for X- and gamma radiation. Exposure is the
measure at a certain place of radjation which has the ability te produce
fonization, The unit of exposure is the roentgen, R, where 1R equals

2.58 X 1074 coulombs/kilogram. The definition thus corresponds to the
terms roentgen dose and air dose.
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EXPOSURE, OCCUPATIONAL. Exposure to ionizing radiation that is incurred as
a result of an individual's employment or duties which are in support of

& facilities which use materials or machinery capable of producing ionizing

' radiation, Exposure of au individual to ionizing radiation for medical or
dental diagnosis or therapy shall not be deemed as occupational exposure.

FAIL-SAFE. A design characteristic of the hardware, compcnent or system
which, in the event of a malfunction, will not result in a degradation of
cafety.

FILM BADGE. A pack of appropriate photographic film and filters used to
determine radiation exposure.

HAZARD, RADIATION. See RADIATION HAZARD.

INTERLOCK. A device, usually electrical and/or mechanical in nature, to

N prevent activation of a control until a preliminary condition has been met

NS or to prevent hazardous operations. Its purpose usually is safety of per-
sonnel or equipment. For example, it may be used to warn responsible per-
sonnel of an unsafe condition or unauthorized entry of personnel.

IONIZING RADIATION. See RADIATION.

LEAK TEST. A determination of the integrity of a sealed source encapsula-
tion by detection of leakage or escape of radiocactive contamination.

NUCLEAR REACTCOR SYSTEM. Any equipment or device, except a nuclear weapon,

capable of neutron multiplication through fission of special nuclear mate-

rial. This definition includes nuclear reactors and subcritical assemblies
of special nuclear material and the supporting equipment or device (if any)
associated with them.

“) RAD. The rad is defined as the unit of absorbed dose of any nuclear (or
5. ionizing) radiation which is accompanied by the liberation of 100 ergs of
! energy per gram of absorbing material. OCr, one rad is approximately equal
to absorbed dose delivered when soft tissue is exposed to one roentgen of
medium voltage X-radiation. The rad is to be used solely with absorbed dose.

1 rad = 100 erg/gram = 1/100 joule/kg.

RADIATION. Energy propagated through space. As used in this regulation,
the term refers to two kinds of ionizing radiation:

1. Electromagnetic waves (X-rays, gamma rays), and

2. Corpuscular emissions from radioactive substances or c*her sources
(alpha and beta particles, etc.). Ionizing radiation is'any electromagnetic
or particulate radiation capable of producing icns, directly or indirectly,
in its passage through matter,
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RADIATION CONTROLLED AREAS. Any area, whose access or occupancy is con=-

trolled for the purpose of protection of i{ndividuals from exposure to
fonizing radiation and radiocactive materials.

RADIATION CONTROL COMMITTEE. A group of persons appointed by the commander

to advise him on policy and actions necessary to ensure safety of perscn-
nel and property from hazards of radiation. Synonymous with "Isotope
Committee," "Radiological Health and Safety Committee," "Radiation Protec-
tion Committee," and other similar titles of committees with the same
purpose

RADIATION HAZARD. A condition under which persons might receive radiation

in excess of the applicable maximum permissible dose, or where radiation
damage might be caused to materials or personnel.

RADIATICN SOURCES. Materials, equipment or devices which generate or are

capable of generating ionizing radiation, including: (1) naturally
occurring radiocactive materials, (2) by-product materials, (3) source
materials, (4) special nuclear materials, (5) fission products, (6) mate-
rials containing induced or deposited radioactivity, (7) nuclear reactors,
(8) radiographic and fluoroscopic equipment, (9) particle generators and
accelerators, and (10) radio frequency generators such as klystrons and
magnetroas which produce X-rays.

RADIATION WORKER. Any person occupationally exposed to ionizing radiation

and/or radbactive materials. (Job descripticns of radiation workers should
reflect that the individual is potentfally exposed to ionizing radiation.)

RADIOACTIVE MATERIAL. Any substance which undergoes spontaneous disinte-

gration in which energy is liberated, generally resulting in the form-.ion
of new nuclides (a species of atom characterized by the constitution of its
nucleus). The process is accompanied by the emission of one or more types
of ionizing radiation. Included are materials possessing artificial, in-
duced and natural radioactivity,

1. By-product materials. Any radioactive material (except special
nuclear material) yielded in or made radiocactive by exposure to radiation
ircident to the process of producing or utilizing special nuclear material.

2. Source material. Uranium or thorium or a combination thereof, in
any physical or chemical form or ores which contain by weight, one-twentieth
of one per cent (0.05 per cent) or more of uranium, thorium or any combina-
tion thereof. Source material does not include special nuclear material.

3. Special nuclear material. Plutonium, uranium 233, uranium en-
riched in the isotope 233 or in the isotope 233, or any other material which
the U. S. Atomic Energy Commission pursuant to the provisions of section 51
of tte Atomic Energy Act of 1954, 42 USC section 2071, determinez to be
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special nuclear materials, but does not include source material; or any
material artifically enriched by any of the foregoing but does not in-
clude source material.

4. Naturally occurring radioactive material. Substances which are
radioactive in the natural state, such as radium and thorium and their
dacay products, except those defined as source and special nuclear mate-
rial.

RADIOLOGICAL PROTECTION OFFICER. An individual designated by the commander
to provide consultation and on the degree of hazards associated with
fonizing radiation and the effectiveness of measures to control these haz-

“ards. This individual shall be technically qualified by virtue of educa-

tion, military training, and/or professional experience to assure a capa-
bility commensurzte with the assignment. The term "Radiological Protec~-
tion Officer" is a functional title and is not intended to denote a -~om-
missioned status or job classification within the Armed Forces.

RBE. (Relative Biological Effectiveness.) The RBE of a given radiation is
defined as the ratic of the absorbed dose in rads of gauma radiation (of a
specific energy) tc the absorbed dose in rads of the given radiation hav-

ing the same biological effect. (See Dose Equivalent.)

REM (Roentgen Equivalent Marmal). One rem is the quantity of ionizing
radiation of any type which, when absorbed by man or other mammal pr.duces
a physiological effect equivalent to that produced by the absorption of
one roentgen of X-ray or gamma radiation. Dose in rems equals RBE times
dose in rads. The rem provides an indication of the extent of biological
injury (of a given type) that would result from the absorption of nuclear
radiation, Thus, the rem is a dose unit of biological effect, whereas the
rad is a unit of absorbed energy dose, and the roentgen (for X-ray and
gamma rays only) is onme of exposure. The rem can also be defined as the
unit of dose equivalent. The dose equivalent is numerically equal to the
dose in rads, multiplied by the appropriate modifying factors.

ROENTCEN. The quantit; of gamma or X-radiation which will giverise to the
formation of 2.08 X 10° ion pairs per cubic centimeter of dry air, STP
(0°C, 1 atm). This is equivalent to the release of 87.7 ergs of energy
when one gram of dry air under STP conditions is exposed to one roentgen
of radiation. The roentgen is to be used solely as the unit for exposure.

LR = 2.58 X 1074 coulombs/kg.

SFALED SOURCE. Radiocactive material that is encased in and is to be used
in @ container in a manner to prevent leakage or escape of the radioactive
material.
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UNSEALED SOURCE, A discrete amount of radiocactive material that i{s not
encapsulated in a container to prevent leakage or escape of the radiocactive
material.

USER. The activity, section, division or other organizational unit whicu
has been assigned responsibility for the use, handling, operation or storage
of radiation sources.
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Appendix B

RECOMMENDED DOCUMENTS FOR A REFERENCE LIBRAY

Army regulations,

AR's 40-4, 40-5, 40-14, 40-37, 40-501, 55-55,
55-355, 385-10, 385-12, 185-30, 385-32, 385-40, 385-80, 700-25, 700-52,

700-63, 700-64, and 755-15.

2, AMC regulations. AMCR's 190-3, 385-1, 385-3, 2385-7, 385-9, 385-13,
and 385-15.

3.
4.

S.

6. Technical bulletins. TB's CML 52, O 53, CML 63, 3-6665-20C-12, )
3-6665-201-12, 3-6665-202-12, 3-6665-203-12, 3-6665-204-12, MED 62, MED 223,

Field manual, FM

3'150

Table of allowances. TA 50-914,

Supply bulletin,

SB 11-206,

MED 232, MED 249, SIG 226-8, SIC 226-9, TC 7, and 5-6600-227-15/1.

7. Technical manuals. TM's 3-220, 3-260, 3-261, 3-6665-214-15,

11-5514, 11-5514A, 11-5543. 11-6665-204-12, 11-6665-206-12,
11-6665-208-15, 11-6665-209-15, 11-6665-216-15. 11-6665-221-15,

11-6665-224-15, 38-250, 38-750, 39-20-3, 39-20-6, 39-35-15, 39-N-11.

8.

9.

12

Military standards and specifications,l

a.

MIL-STD-129
MIL-M-3935A
MIL-C- 10436

MIL-M-19990

MIL-STD-450

Miscellaneous. a.

b.
c.
d.
e,

Title 10, Code
Title 14, Part

Title 46, Parc

Title 49, Perts 171 throvgh 178 of Code of Federal Regulations.Z 3

U.S: Postal Manual, Chapter 1, Sections 124.24 and 125.24.%

Marking for Shipment and Storage .

-

Markers, Self-Luminous,

Compasses, Lensatic, Luminous Diai.

Marking of Commodities and Containers to

Indicate Radioactive Material,

Radiation Hazard Symbcl Contaminated Areas.

DOD 4160.21-M, Defense Disposal Manual.

of Federal Regulations. Atomic Energy.
49 of Code of Federal Regulations.2

146 of Code of Federal Rogulationsg

3 bgee footnotes on page 47.
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g. Rad!ologiful Heaith Handbook, U,s, Department of Health, |
Education and yelfare.

10. U.S. Department of Commerce, National Bureau of Standards Hand-
books,

48 - Control and Removal of Radiocactive Contamination 1in Labora- ‘
tories.

49 - Recommendations for Waste Disposal of Phosphorus 32 and
Iodine 131 for Medical Users.

51 - Radiological Monitoring Methods and Instruments.
33 - Recommendaiions for the Disposal for Carbon-14.

55 - Protection Against Betatren-Synchrotron Radiations up to 100
(l) Million Electron Volts.

57 - Photographic Dosimetry of X- and Gamma Rays.
58 - Radioactive Waste Disposal in the Ocean.
59 - Permissible Dose for External Suurces of Ionizing Radiation.

63 - Protection Against Neutron Radiation up to 30 Million
., Electron Volts.

65 - safe Handling of Bodies Containing Radivacti-e Isotopes.

66 - Sdfe Design and Use of Industrial Beta-Ray Sources.

69 - Maximum Permissible Body Burdens and Maximum Pe:missible
o Concentrations of Radionuclides in Air and in Water for

\J Occupational Exposure.

72 - Measurement of Neutron Flux and Spectra for Physical and
Biological Applications.

73 - Protection Against Radiation from Sealed Gamma Sources.

75 - Measurement of Absorbed Doses of Neutrons and of Mixtures
of Neutrons and Gamma Rays.

76 - Medical X-ray Frotection up to 3 Million Volts.

78 - Report of International Commission on Radiological Units.
and Meaczurcments

80 - A Manual of Radiocactivity Procedures.

. %sece footnates on page 47.
4s
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85
86
87
88

89

92

93

11. Federal Radiation Council Reports

Radiation Quantities and Units (ICRU R:port 10a).
Physical Aspects of Irradiation (ICRU R:port 10b).
Radioactivity (ICRU Report 10c).

Clinical Dosimetry (ICRU Report 10d).
Radiobiological Dosimetry (ICRU Report 10e).

Methods of Evaluating Radiological Equipment and Materials
(ICRU Report 10f).

Sace Handling of Radicactive Materials.

Safety Standard for Non-Medical X-ray and Sealed Camma Ray
Sources: Part I. General.

4

No. 1 - Background Material for the Development of Radiation

Protection Standards.

No. 2 - Background Material for the Development of Radiation

Protection Standards.

12, International Atomic Energy Agency Repulations3

Safety Series No. 1 - Safe Handling of Radioisotopes.

Safety Series No. 2 - Safe Handling of Radioisotopes: Health

Physics Addendum.

Safety Series No. 3 - Safe Handling of Radioisotopes: Medical

Addendum.

Safety Series No. 4 - Safe Operation of Critical Assemblies and

Research Reactors.

Safety Series No. 6 - Regulations for the Safe Transport of Radio-

active Materials,

Safety Series No. 7 - Regulations for the Safe Transport of Radio-

active Materials. Notes on Certain Aspects
of the Regulations,

Safety Series No. 8 - The Use of Film Badges for Personnel

Monitoring .

4 Sgee footnotes on page 47.
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Safety Series No. 9 - Basic Safety Standards for Radiation Pro-
tection.

neview Series No. 12 - The Packaging, Transport and Related Hand-
ling of Radicactive Materials.

Review Series No. 18 - Processing of Radioactive Wastes.

13. National Fire Protection Association Publications®

Fire Protection Handbook, 12th Edition, 1962.

National Fire Codes -
’ Pamphlet 801, Laboratories Handling Radioactive Material, 1955.
Pamphlet 802, Nuclear Reactors, 1960.

. 14. USA Standaids Institute Publications’

ASA N6.1 - Safety Standard for Operations with Fissionable
Materialc Outside Reactors, 1964.

ASA N5.2 - Design Guide for a Radioisotope Laboratory (Type B),
1963 .

IMilitary standards and specifications are available from the Commanding E
Officer, U.S. Naval Supply Depot (NSD 103), 5801 Tabor Avenue, Philadelphia,
Pennsylvania 19120.

o 2CoPies of the Code of Federal Regulations are normally available from the
Post Judge Advocate. Copies can be purchased from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C.

3The Interstate Commerce Commission regulations are also published as

(:) "Agent TC George's Tariff No. 19", available from the Bureau of Explosives
of the American Association of Railroads, 30 Vesey Street, New York,
New York. Installation Transportation Officers usually have copies of
Ceorge's Tariff No. 19.

4pvailable from Superintendent of Documents, U.S. Government Printing
Office, Washington, D.C.

SAvailable from National Agency for International Publications, Inc.,
801 Third Avenue, New York, New York 10022

6Available from National Fire Protection Association, 60 Batterymarch
Street, Boston, Massachusetts 02110,

7Available from USA Standards Institute, 70 East 45th Street, New York,
New York 10017.
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1. Purrose. This mesorandum establishes the Toaizing Radiation Protection Prograz, cutlines
duties of the Radiation Protecticn Cfficer, the sadiation Control Cermittee and prescrides pro-
cedures and safe working practices vhich must te observed by personnel engaged in cperaticns
{involving ionizing radiation sources. :

:) 2. Scove. The provisions of the Tonizing Sadiation Protection Progrean apply to all the military
and civrilian personnel under the adninistrative control of the Cczmander, Sarry Diamced Labora-
tories, to the eaplcyees of coniractors and to military and civilian personnel of other Coverr=eat
agencies authorized to receive, use, store, transport, or dispese of ionizing radiation sources
at Harry Diasond Laborstories. T i{s me=orandum doss cot apply to sources of goa-icnizing
radiaticn such as lasers and microvave producing equiprment.

3. Def‘nitionw. a. Accelerator. A device for imparting kinetic energy to charged particles,
such as eleéctrors, protons, deuterons, and heliunm icns. Common types of accelerators are the
eyclotron, syuchrotren, synchrocyclotron, detatrom, 1inear accelerator and Van-de-lraff electro-

static genperators.

B. GSeckgrournd Fadiation. Radiation arising froa radicactive material other then the one
directly undes consideratiocn. Background radiation die to cosmic reys and natursl radicactivity
i{s alvays present. There zay also be backsround radistion due to the presence of radicactive
substences in other parts of the building, in the building material itself, etc.

.

e. Conteairation (Padicactive)., Deposition of ~adicactive material in any rlace vbere it is
not desired, and particularly ia sny place where its presence can Se harmful. The harm may be in
{avalidating an exgperiment or s procedure, or in actually being a source of dagger to persons.

*®rvts Memorasdum supersedes EDLR 385-29, T August 1973

ey -8B
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4. Curie. A unit of activity defined as the quantity of any radioactive zuclide i3 vhich
the numbes of disintegrations per second is 3.700 x 1016.

e. Dose. (1) Absorbed Dose. When lonizing radiatica pesses t%rough matter, scze of iis
energy is l=parted to the =atler. The ezoun% absorbed per unit of mass ‘rradiated zaterial
at the place of interest is cslled the absorbed dose aand is messured Iin raus, where

1 rad = 100 erg/sa = 1/100 Joule/kg

The rad uait (s applicable to any type of {onizing radiation, but in reporting dcse, the type,

es vell as irradiated material (for instance, tissue), and the place of interest zust de specified.
Withcut the above three factors, a statement of absorbed dose received (s incomplete end probably
useless, since the saze dose of different kinds of radiatiocm, even delivered to the same place,
can produce entirely different effects. -

(2) Exposure Dose. See Exposure.

(3) 2iological Dose. The radiation dose absorbed inm blological material. It Is zeasured in
rems.

¢. Dose Eauivalent. The term "RBE" dose bas been useG in the past in both radiobiology and
radfaticn safety. It is oow recccmended that the term REE bde used i{n radiobiolegy only and that
ancther tera be used for purposes of radiation safety. The 1{near-energy-transfer factor is
rultiplied by the absorbed dose, Dy, to obtain a quantity that expresses ca & ccxmon scale
{rradiation received by perscns exposed to all icnizing radiaticns. The name reccmmended for the
linear-energy-transfer-dependent factor {s quality factor, QF. Other factors muat also be con-
sidered for the purpose of radiationm safety. A distridution factor, DF; {s used to express the
—odificstion of the biclogical effect of radiation due to & nonunifora distridbuticn of isotopes
{n the body. The distribution factor, like the quality factor, also affects the adsordbed dose
vhen rediation safety i{s being considered. It is recczmended dy the Intervatiocpcal Ccmmission on
Radiological Units and Measurements that the final calculated dcse received by aa {ndividual after
the absorbed dose is modified by +he above-menticned factors, plus any other factors that zay
affect the inccming radiation, de called the dose equivalent, DE. If the only apparent modifica-
tion factors are QF and DF, then:

pE = D, (Q¥) (DF). ¢
1f other factors must be considered and are defined, then:
DE = D, (DF) (DP) +vevecsons

vhere the dots take into acc.unt the product of these other factors. Ths unit of dese equivalent®,
DE {s the rem, The unit of absorbed dose, D, is the red. (Ccapare definitions of Hem and Rad.)
Although the above definitiocn of dose equivalent does not cover a pumber of thecretical aspects

(in particular the physical diszensicns of scume of the quantities) {¢ fulfills the i{rmediste require-
ment for an unequivocal specificatiocn of & scale that may be used for puzerical expression ia
radiation safety.

g. Expesure. The term "Exposure Dose” is obsolete. Exposure is a tera adopted by the Inter-
pational Cozmmission on Radioclogical Units and Measurezents in 1962 to replsce the term "exposure
dese” introduced in their 1956 report. The quantity {3 used for X- and gasm=a radiation. Expcsure
{s the measure at a certain place of radiacvicn vhich has the abtlity to produce icnizatios. The
wnit of exposure is the roeantgen, R, where 1R equals 2.58 x 10 coulczbs/kilograa. The definitica
thus correusponds to the terms roeantgea dose snd air dose.

h. Pxposurs, Occupationel. Exposure to icaizizg radiation that i{s incurred as a result of
an i{pdividual's ezployment or duties which are i{n support of facilities vhich use materials or
=achinery capadble of producing ionizing radiation. Exposure cf an tndividual to icnizing radiation
for sedical or dental diagnosis or therapy shall not be deemed as occupational exposure.

{. Fila Badge. A pack of appropriate photogrsphic film and filters used to determize radfatica
exposure: £ 8



O

HDIM 385-20

3. Interlock. A device, usually electrical and/or mechanical in pature, to prevent activation
bf a control until a preliminary conditicn has beea zet or to prevent hazardous operaticns. Its
purpcse usually !s safety of persconel or equipzent, Por example, {t may be used to wvarm responsible
perscncel of an unsafe condition or unauthorized eatry of percoapel.

k. Tonizing Radistion. Electromagnetic or particulate radiation capable of producinag lons,
directly or indirectly im its passage through matter. TFor purposes of this zemcrandum, alpha and
beta particles, garma rays, X-rays, and geutrons are exazples of icnizing radiatioa. This type of
rediatica does not include sound or radio wvaves, visidble, infra-red or ultraviolet light or lasers.

1. Leak Test. A determinaticn of the integrity of a sealed socurce encapsulation by detecticn
of leakage or escape of radicactive contazipation.

m. Sad. The rad i{s defined as a unit of absorbed dose of any nuclear (or fonizing) radiation
vhich {s accompanied by the literaticn of 100 erg of energy per gram of absorbing material. Or, one
rad is approxinately equal to absorbed dose delivered wheu soft tissue is exposed to cne roentgen
of medium voltage, X-ray radifation. The rad is to be used solely with absorbed dose.

1 rad - 100 erg/gre=s = 1/100 joule/%g.

n. Radiaticn. See Ionizing Radiation.

©. Radiation Aress.

(1) Restricted Area. Any ares access vhich is contrclled by the employer for purposes of

protecticn of {ndividuals from exposure to radiaticn or radicactive oaterials.

(2) Unrestricted Area. Any area access vhich is not coutrolled by the employer for purposes
of protection of individuals from expcsure to radistiom or radfcactive =aterials.

(3) PEadistion Area. Any area accessidle %o perscmnel, in vhich there exists radlatica at such
levels that a malor portioan of the body could receive in any cme hour a dose in excess of § millires,
or in asy § consecutive days a dose in excess of 100 millire=.

(4) BHigh Rsdistion Area. Any area accessible to personnel, ia which there exists radiation at
such levels that a major porticn of the body could receive {a any cne hour a dose in excess of 100
milliren.

p. Radisticn Fazard. A condition under vhich perscos might receive radiation in excess of the
applicable caximm permissible dose, or vhere radiaticz dazage might be caused to zaterials or
perscoael.

Q. Radlation-Producinz Devices. See Radiation Scources.

r. Radiatlon Sources. Materials, equijment or devices which generste or are capable of generat-
ing lcnizing radiation, including: (1) caturally occurring radicactive zaterials, (2) byproduct
materials, (3) source materials, (%) special nuclear zaterials, (5) fissica vroducts, (8) materials
containing induced or deposited radicactivity, (7) puclear resctors, (8) radicgrsphic aad flucro-
scopic equipzmernt, () particle generators and accelerators, and (10) radio fre-ueacy generators such
as klystroos and =agnetrons which produce X-rays.

s. Radiation Worker. Aoy perscn occupationally exposed to jonizing radiaticn and/or radicactive
paterials. (Job dessriptions of radiation wvorkers sbould reflect that the individusl is potentially
exposed to i{onizing radiation.)

t. PRadloactive Materi{sl, Any substance which undergoes spontaneous disiategration in vhich
enerzy s liderated, generally resul*ing in the forzaticn of newv nuclides (a species of atom character-
{zed by the constitution of its pucleus.) The process is accozpanied by the emission of one¢ or more
types of lonizing radiation. Included are zaterials possessing artificial, induced azd catural
radiocactivity.

(1) Byoroduct Vaterials. Any radiocactive material (except special nuclear saterial) yielded in
or made radicsctive by exposure to radiatican incident to the process of producing or utilizirg special
guclear zaterial.
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(2) Scurce Vaterial. Ureaiua or thorium or a cczbization thereof, in any physical or chemical
form or ores which contain by weights one-twentieth of cne per cent (0.05 ;ercent) or more of ursnium,

thorium, or any ccabination ther=of. Source =aterial does not {nclude special puclear =material.

(3) Special Nuclear vaterial. Plutonium, urecit= 233, ursanium enriched ia the isotope 233 or
any other —aterial vhica the U.S. Atomic Energy Commissicn pursuant to the provisicns of Section 51
of the Atcaic Energy Act of 1954, L2 USC Secticn 2071, Zdetermines to be special ouclear zaterials,
or sny material artifically enriched by any of the fcregoing but does got include source material.

() Xaturally Occurring fadicactive Material. Substances which are radiocactive ian the patural
state, such as rad{um and thorium and their decay products, except those defined as source and special
puclear material.

w. RBE. (Relative 3iolocgical £¢fectiveness) The R3E of a given radiation i{s defined &s the
ratio of the absorbed dose in rads of garma radiasticn (of a specific enerzy) to the sbsorded dose
i{n rads of the given radiation having the same violegical effect. (See Dose Equivslent.)

v, REM. (Roentgen Equivalent Man). One rem i3 the quantity of {onizing radiation of any type
vhich, vhen absorbed by =2g Or other zarnal, produces & physiolegical effect equivalent to that pro=
duced by the absorpticn of one rcentgen of X-ray or ge=ma rediation. Dose in rems equals R3E tizes
dose in rads. The rem provides 2n i{ndication of the extent of viological injury {of & given zype)
that weuld result frea the abscrption of suclear redistion. Thus, the rem is a dose unit of bio~
logical effect, vhereas the rad is a unit of absorbed energy dcse, acd the roentgen (for X-ray and
gas==a Tays only) is one of exposure. The rem can also be defined as the upit dose equivalent. The
dose equivalent is aumerically equal to the dose in rads, multiplied by the appropriate =cdifying
factors.

w. Roentzen. The quantity of gamzma or X-radiation vhich will give rise to the formation of
2.08 x 107 icn pairs per cuble centimeter of dry air, STP (0® ¢, 1 atm). This is equivalent to the
relesse of 87.7 ergs of egersy when one grem of dry air under STP conditicns is expcsed to cne roent-
gen of radiationm. The roentgen is to de used solely as the unit for axposure.

1R = 2.58 x 10°% coulonbds/kg.

z. Sealed Source., Radiocactive ssterial that is encased in and is to be ussd in & coptaizer in
a manser to prevent leakage or escape of the radicactive zaterial.

y. Unsealed Source. A discrete amount of radicactive zaterial that is not encap§ulated in s
container to prevent leakage Or escape of the radioactive zaterial.

2. User. The activity. section, division or other organizatiocnal unit wvhich bas deen assigned
respoasidbility for the use, handlirng, operation or stora=ge of radiation scurces.
4. Policy. Work with radiaticn sources may present a biological hazard. Failure to exercise prcper
controls can be hazardous o nealth and may also result {n property dazage. Therefore, proposals
to obtaln end use such sources vill he evaluated carefully to assure that any exposure %0 radiaticon
vill be kept to & minizum. Adequate written procedures, facilities, equirzent, and traiged personnel
must be provided vhere rudisticn sources are used or operated. Failure to meet these requirecents
vill result in cessation of operations.

3. Ressonsidilities. a. Commander. The Comzander will:
(1) Establish a formal, vritten Ionizing Radietion Protection Progranm.
(2) Appoint a Radiation Control Committee.

(3) Appoint & qualified individual as Radistion Protection Officer and alternste to provide
continuity of operations. .

(4) Assure complisnce vith Federal, State, and local regulations.
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b. Padiation Contrel Committee (RCC).

{1) The committee will consist of the Padiation Protection Officer, the Safety Director, and
several technical zezbers trained and experienced in the safe use of radiation.

(2) Specifically, the cczaittee vill:
(a) Advise the Commander on the status of the radiaticn protection program.

(d) Prepare, amend and review rules and regulations pertaining to the safe use, storage anu
disposal of radiaticn sources.

(¢) Reviewv and approve proposed locaticn of radiation scurces.
(d) Reviev and authorize uses of existing and proposed radiation sources.

(e) Serve as revievirg committee for incidents {nvolving the use of radiaticn sources which
result in over-exposure.

(f) Recommend appropriate action tc be taken vhen individuals using radiation fail to observe
safety recommendations, rules, or regulaticns.

(g) Reviev any instance in vhich radiation safety regulations impede operatioms ccnsidered
essential by the laboratory ccacerned.

(h) Assure taat minutes of the BCC's proceedings and actions taken or reccmmended are maintained.

(3) Prizmary responsidility for the eaforcement of established rules and regulaticns {s not the
responsibility of the RCC but rather the responsidility of each {ndividual and nis direct supervisor.

¢. Radiation Protection Officer (PPO)

(1) The training and experience of the RPO and bis altermate must be commensurate with the type
and hazard of the radiation sources at HDL. As & ainimum, the formal training of the RPO arnd his
alternate will be the successful ccmpletion of the U.S. Public Health Service Occupaticnal Radiation
Protecticn course or equivalent.

(2) The Radiation Protectica Officer vill:

(a) Act as Chairzan of the RCC.

(b) Provide the Cormander, the RCC, and radiation users vith advice and assistance cn all zatters
pertaining to radiation safety.

(¢) Review all plans for the proposed use of radiation sources and xzake the appropriate recomend-
ations.

(d) Reviev all requisitions for procurezent of radiaticm sources.
(e) Maintain an accurate record of the inventory of the radiation sources possessed by HDL.

(f) Perform radiation protection surveys of radf{atiom scurces to deterzine compliance vith
regulations and ~pproved procedures.

(g) Maintain radiation protection reccrds.
(n) Calidrate, or arrange for calidbration of, survey instrizents.

(1) Supply personnel :onitofing devices, provide instructicns iz their use, and zaintaia records
of exposure.

(J) HMcaitor shipments of radicactive zaterials.
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(x) Supervise decontami:zution of materials or personnel.
(1) V¥onitor stors=ge and vorking ereas as roguired,
{m) Supervise the disposal of radicactive vastes.
(n) Maintain complete records of the receipt, transfer, sad disposal of radiation sources.

(0c) Maintain records of unusuel incidents such as overexposures, radicactive spills, or the
1oss of radicactive materials.

(p) Arrange for radiation safety orientation and training of labaratory personnel.
(q) Prepare and submit applicaticns for NRC licenses.
(r) Review, update, and amend NRC licenses presently in effect.

(s) Prior to bdeirg relieved of his duties, the RPO will take the following action with regard
to radiation sources for wvhich he (s responsible.

1. Secure all sources in such a . wuner as to precluda use or removal duriag the pericd for
vhich there is nc RPO appointed; or

2. tum over t3 a properly qualified and authorized individual, all zaterials and records for
which he is responsible. Such an authorized individual will kave the qualifications and training
required of en RPO.-

d. Supervisors of radiation workers and radistion orojects will:

(1) Maintain a current inventory of all radiation sources for which they are responsible.
(2) !név the exact locaticn of all radiation sources for vhich they are responsible.
(3) Jpost appropriate varning sigas and notices.

(L) Assure that their perscnnel have received adequate instruction and experience prior to
using or being sxposed to radiation.

(S) Control contamization.

(6) Assure radisticn sources are secured agsinst unauthorized use.

(7) Control personnel exposures.

(8) Prepare, prior to the start of any operation involvirg radiation sour.es, a vritten SOP
for reviev and approval by the RPO and RCC. The SOP will contain, as a minizum: responsibilities,
maximum permissible levels of radiation {n the areas concerued, storage of radicactive saterials,
procedures regarding dosimetry, interlocks, decontamipation and emergencies.

(9) BEnforce SOP's, rules and special precsutions.

(10) Report to the RPO an nccident. unusunl incident, persconel injury, or suspected overexposure
{rmediately after occur=nce.

(11) Prior to beicg reiieved of his duties, each radiation supervisor wvill take the following
sction vith regard to all radiation sources for vhich he {s respcnsidle:

(a) Secure all radiaticn sources in such a manner as to preclude use or removal vhile not under
the !{=mediate supervision of a qualified ard authorized individual; or

(b) tura over to a properly qualified and autborized {ndividual all radistion sources for vhich
he {s responsible. Such an individual vill have the qualification and training required for the safe
tapdling of the =aterials iavolved.
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. e. Radiation vorkers vill: (1) ¥Xnow aad follow SOP's, rules, and special {astructions.

(2) Use safety equijment properly.

(3) Report to the supervisor any accident, ucusual incident, personal injury, or suspected
overexposure {zzcdiately after the occurence.

f. Supervisors of Radiation Facilities will assure that each procurement documant for a ™asic
coxponent” for a radfation facility, i.e., NWuclear Reactor, Cobalt Irradiator, etc., licensed pur-
suant to Title 10 Code of Federal Regulations, specirfies that the provisiocns of 10 CFR Part 21
epply. A "basic conponent” ceans a compopent, structure, systeam or part thersof in vhich a defect
could create a substantial safety hazard, i.e., loss of safety function to the extent that there {s
a major reduction in the degree of protection provided to public health and safety.

6. Pericnoel Expcsures. The radiation exposure standards contained in this sectica are applicabdle
to allpersonnel. Present day philosophy of the Nuclear Regulatory Cormission (NRC) is that radiation
exposures te <-pt "as lov as ressonabdle achievable" (ALARA). Applicatices for licenses to operate
radiation facili{ties must address and emphasize the ALARA concept. The NRC preseatly requires that
the conceatrations of {cni:zing radiation naterials be Xept at less than ten percent of the levels
listed in 10 CFR 20. If these concentrations and exposure levels cannot be zsintained, then Justi-
fication for higher concentrations and exposure levels must be made in the license application.

The following personnel exposure linits are those currently listed i{a 10 CFR 20.

8. Personnel 19 years of age and over vho are occupationally exposed to radiation:

(1) Accuwmmulated cse to the whole body, bead, trunk, blood-forming organs, gonads or leas of
the eye s nut to exceed 1.25 rem {n any cs.endar quarter.

(2) Accummulated dose to the skin of the vhele bdody or thyroid is not to exceed 7.5 rem per
calendar quarter.

(3) Accu=mulated dcse to the hands, forearms or feet is not to exceed 18.75 rem per calendar
qm”o 4

b. Members of the general public, personnel not occupaticnally exposed, eud those under 18
years of age will not be exposed, in any one calendar quarter, in excess of 0.125 re=.

¢. Pregrant wvcmen will not be exposed to icnizing radiation for other than medical reasons
(AR 40-5). At the first indication of pregnancy, vemen should ootify their supervisor so they can
be removed from work involving exposures. .

T. Medical Fxemirations. a. Prier to bdeginnirg vork with radiation sources, employees will be
given an exanination to include medical history, radiation axposure history, physical examinatioa,
and a cozplete bdlood count. Perscnnel, vho are to de occupationally exposed to neutrcns, will be
glven a slit-lemp test prior to exposure.

b. If a sir.lar exazination has been conducted within the previous 6 monthks, those portions of
the examinatiun need not be repeated for vhich results are entered in the individual's re-ord.

¢. Visitors and perscnnel ca texporary duty for less than 30 days do pot require a medical
examination provided they will not de exposed to radiation in excess of the levels established in

paragraph fa.

.

d. Padiation vorkers vill de given ; zmedical exanination at least once every 3 years. Hovever,
depending upon the work involved, the Medical Officer zay desire to rapeat the exazinatica more
frequently.

e. In addition, & full examination will de requested in eveant of overexpcsure, suspected over-
exposure, transfer to other operations not {nvolving radiatica, or prior to seyaration from HDL.

f. Supervisors wvill advise the RPO of new ezployees working vith radiatica sources so that
agpropriate orientation and physical examination canm be arranged. The AP0 should be nctiffed as far
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as posaible {a advance of transfers and termination of szplcy—ent of radiation vorkers 3o arrmnge=
sents cog be zade for final examination.

8. Persornel Dosimetry, a. All persons occupatiorally exposed to icaizing rediation will =tillze
f1l= badges. The RPO will rontrol the distribution and collecticn of film badges.

b. Before starting to vork vith any radiation scurce, the individual cust obtain a fila badge
from “he RPO. It {3 the responsibility of the {ndividual and his supervisor to obtain the required
£11m dadze beiore beginning work vith jonizing radiation.

e. It {s izportant that the film badge be vorn rather than left i{n a desk drawer or pinned on
s laboratory ccat not being worm. Any persom vho suspects that he has been exposed %o {onizing
radiaticn vhile not vearing his fila badge vill report the same to the 3P0. Also, any person vho
suspects that his badge has bdeen exyosed to ionizing radiation to which he vas not exposed will
{mmed{ately report saze %o the RPO.

4. Off-site persoanel =onitoring.

(1) Arracgements vill be zade vith the RFO to provide the necessary personnel-monitoring services
to HDL perscmnel om official duty in places vhere f{la dadge service is not available.

(2) The nanes of HDL perscunel assigned to duties at places wvhere personnel-nonitoring services
are available zust be submitied to the RPO by the laboratory concerned.

e. All visitors, experinenters at HDL facilities, who may become exposed to {onizing radiation
sist vear fi1m dadges. It is the responsibility of the facility supervisor to cobtain visitor badges
from the RPO and enforce wvearing of the badges. The supervisor will maintain a menthly record of
visitors, listing the nece, busizess address and socisl security nusber of the visitor plus the
badge number {ssued. 3adges w7ill not be issued to —ore than one persca.

9. Precautions i{n Handlinsg fadiation Sources. a. Consider the relaticaships vhich vill develop
betveen the source and the persons involved in {t3 use., Remember that the cbjective i{s t0 keep all
occupational exposures as far “elov 100 mrem/veek as is practicable. The {ndividual vho is assigned
the rediaticn source kas the responsibility to see that this objective is attained.

. Determice before irradfaticn occurs what dose rate w111 be experienced by each individual
under each canceivable circumstance. Advise the 1adivi2ual before he degins vork regarding the dose
rate he wvill {ncur in each situstion. Be sure that he kncws the locaticn of the sources involved
as vell as the protective measures %o de ezployed.

e¢. Take steps to ensure that no one may be exyosed inadverteatly. Also, prevent rsdiation
sources from Seing removed from the vork area. Preveat transmission of contanination dy persons,
tools, packages, docuzent, vehicles, et3. Keep radicactive zaterials out of ordinary channels of
vaste disposal.

10, Contamination Control. a. Tue Radiation Protection Officer will {ssue expendable clothing to
those persons vorking in areas vhere contaziration is reasonable possible.

b. Cross-contaminstion may be limited by employing practical handling technigues. Sinple acts

: such as handling telephones, reports, etc. while contaminated can result i{n the spread of contamina-

tion. Only things vhich zay salely become radicactive should de permitted to touch radicactive
{tems, and cnce such a contact is zade, both items are thereafter treated as being radicactive.

e. Individusls vho contaminate themselves or others, or vho cause the contaminaticn of areas,
floors, equijment, etc. vill notify the RPO at once. The RPO vill assess the extent of *he coptam-
inat{on and supervise the necessary decontamination procedures. It i{s not the duty of the RPO to
perform the actual decontanination. It is the responsidility of the person sausing the contaaina-
tion to carry out the necessary c}euz-up procedures.

11. Authorization for Procurezent of Radioactive Msterials., a. The RDL Radiaticn Control Committce
sust sutborize all proposals for work vith radicactive zaterials,
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b. The person responsible for and directing the undertaking of the use of radicective zmaterial,
the principal user, vill sutzit a meccrandun in duplicate to the RCC coutaining all pertineat iafor-
ration concerning the proposed operation. The memorandum vill {nclude:

(1) Organizational element responsible for the proposed operation.

(2) Purpose for vhich the materials will be used, including the desired {nitiaticn date and
estizated duraticn of the project.

(3) Materials desired, {ncluding:

(a) Isotope and maxizum activities to de used and processed at aay cne tize.

(b) whether sealed or unsesaled.

(¢) Chemical or physical form.

(4) Qualificstions and experience of the persons vbho vill directly supervise the operatiom.
(5_) Qualifications and experience ;t.per-onl vho wvill use or handle the material.

(6) Locstions vhere materials vill de used or stored. \

(7) Monitering equipment ununm to support the operation.

(8) FPacilities, equipment storags containers, exhaust hocds, handling equipzent, aad protect-
{ive equipment available.

(9) Operational px:ocedurel.

(10) Radiaticn protection procedures %o {nclude safeguards to preclude emergencies, and actions
to bte taken should an emergency occur.

(11) Estimated exposure of operationsl and nearby ncnoperatiocnal personnel.
¢. The Radiation Control Cormittee vill them review the proposal.

(1) Proposals rejected by the comittee will be returned to the principal user vith the resson
for rejecticn indicated.

(2) If approved, the original copy of the approved propbsnl vill de returned tc the principal
user and the duplicate will be kept in the RCC file.

(3) Cace operations have been approved, no changes will be allowved prior to reviev and approval
Yy the RCC. . g

4. Requests for the procurement of all radicactive zaterials vill be processed through the
RCC. ¥o order for radicactive =aterial may be placed vithout having obtained the authorization of
the RCC for the intended use of the material. The RPO will act for the RCC for routine procurement
requests,

(1) The purchase requisition (DELID 960) is first sent to the RPO with a duplicate copy.

(2) The purchase requisition must de identified vith the proposal for vhich the zaterial {s
ordered and for vhich prior authorizaticn of the RCC has deen obtained.

(3) The RPO will then endorse the purchase request and forvard {t to the Procurezent Office,
or vill hold the request for further study and consultaticn with the person making tle request.

(4) If the radicactive material {s obtained by means other than a purchase request, a Zemcran-
dum should Ye sent to the RPO as far i{n advance as possidle and in any case before the material is
brought {pto the labdoratories. The zemorandum vill contain the proposal for vhich the malterial is
ordered and for vhich the suthorization of the RCC has been obtalined.
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12. Authorizatican for Procuresant /'!se of Radiaticn Preducing Tavices.

a. The HOL 3CC must authorize all proposals for vork with radiation producing devices at HDL.

®. The person responsidle for and di{recting the undertaking of (the principal user) cperaticas
{nvolving radiation producing devices will subzit a memorandum in duplicate to the RCC coataining
all pertinment iaformation of the proposed operation. The zemorandum will tnoclude (where applicable):

(1) Type of device.

(a) PFunction.

(b) Manufscturer and Model Number.

(;) Radiation output.

(d) Anticipsted workload.

(e) Whether fixed or mobile operation is anticipated.

(£) Whether single or multiposition exposure bead i{s tc de used.

(g) Pulse duration and anticipated workload.

{n) Ti}set. .

(1) Calitration procedure and frequency.

(J) For accelerutofs: the curie level of the target, the zode of operatica (positive or
pegative), energy of accelerator particles, the procedures for exchacge of targets, and the avail-
able ventilation.

(2) Safeguards.

(a) Shielding.

(b) TInterlock provisicans and console locaticus.

(¢) Estizated exposure based on seven-—consecutive day operation zodiffed by the planned wvork-
load. (Exposures of opersticnal aad nop-operaticnal personnel must de considered.)

(d) Occupied locations nearby.
(3) Training and experience of operators.
€. Tre RCC vill then review the memorandum.

(1) Proposals rejected by the cormittee will be returned to the principal user with the reasca
for the rejection indicated.

(2) 1f approved, the origizal copy of the approved proposal will be returned to the principal
user and the duplicate will de left in the RCC file. .

(3) Changes to originelly approved operations must be subaitted to the RCC for reviev and
approval.

d. Requests for the procurement of all radiaticn-producing devices vill be processed through
the RCC. Yo order for radiatica-producing devices zay be pleced without having cbtained the auth-
orization of the RCC for the intended use of the cachine. The RPO will act for the RCC for rout-
ing procure=zent requests.

(1) The purchase requisition (DPELHD Forz $60) is first sent to the RPO vith a duplicate copy.

10
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(2) The purchase requisition =ust be !destified vith the proposal for which the machine is
ordared and for vhich prior eutborizatlion of the RCC has been obtained.

(3) The EPO will then endorse the purchase request and forvard it to the Procurement Cffice,
or vill hold the request for further study and consultation vith the persca =aking the request.

13. Shipment of Radicactive Materials., a. Incoming.

(1) All radicactive zaterial shipments zust be shipped to and received by the RPO unless prior
authorization for ancther procedure has been granted by the RCC.

(2) The logistics Management Offfce vill take the following acticn:

(a) The pickup of radicactive material vill de accazplished as soon as praciicable after re-
ceiving notification by the carrier that the material is availabdle.

(b) Contact the RPO {mmediately when a package arrives st EDL. Packages sust be monitored
for excessive leaksge and ccntamination by the RPO vithin 3 hours of receipsy during auty hours or
wvithin 18 hours of receipt during non-duty hours.

(c¢) Iasure that the RPO noniters each package inside and out vhile {t {3 being opened and
before the packaging of the ccatents are moved awvay frox the unpacking location.

(3) The Radiaticn Protecticn Office vill:

(a) Mcaitor the radicactive material ¢or excessive extermal radiation or contamination prior
to unloading.

(b) Check the vehicle for contaaination tmmediately after unlceding the radicactive item.
(¢) Direct decontamination of materials if contamination is evidant.

‘(d) Irrespective of the physical conditicn of the package, the package must be accepted. If
dameged, active steps must be taken to mininize exposure of personnel sod ccntanmination of property.
-

(e) Upen receipt of the shipment, & record of the condition and dose rate levels of radiaticm
vill be entered on DA Form 2791-R. DA Fora 2791-] vill be reproduced locally %o furnish the Radia-
tion Protection Officer vith a copy. The original DA Form 2731-R will be attached to the shipping
dociments and deccme & part of the permacent record of the shipment.

(f) Direct movement of the item to the ipdividual laboratory or to those staging and storage
areas determined by the RCC. - ‘

®. Outgoing. (1) The requestor:
(a) Prepares DELHD Form 57 (Suippirg Request) and forwards it %o the RPO with an extra copy.

(b) Insures that ite=s are checked, tagged and approved by the RPO prior to sending to the Lcg-
{stics Manage=ent Office unless authorizaticn for another procedure bas been granted by the RCC.

(¢) Whea spplicable, determines that the recipient is properly licensed Yy the ¥RC to receive
the shipment.

(2) The Radiaticn Protection Officer:
(a) Verifies that the recipient is properly licensed ty ] C to receive the shipzent.

(b))’ Checks and =onitors the ite=s being packaged in the logistics Managezeat Office for cono-
formance vith DARCOM, DA, ¥RC, and DOT regulation.

(e) Forvards the shipping request to the Logistics Managemeat Office.



(4)

Furnishes the Travel and Transportation Braach a cezpleted DA Form 2791-R shewing that

contalners, 23 vell as the zanner of packaging within containers, zeet all radiation safety require-

oents.

(3)

DA Form 2751-R will be reproduced locally to furnish the AP0 wvith a copy.

The Logistics Managemeat Office. I£ the shipment is ty ccemcn carrier, forvard the ship~-

ping request to the Travel and Transportation 3ranch.

(%)

(a)

(»)

. (s)

(a)

(»)

() (6)

e (a)

The Travel and Transportaticn Braach:

Prepares the Government 311l of Lading.

Forvards shipping papers to the RPP.

The Radiation Protection Officer:

Attaches to the shipping papers all special labels required for shipment.
Authorizes release of the shipment and the 8111 of lLading to the vehicle driver.
Logistics Managenent Office:

Arranges for dispatch and mechanical inspection of the vehicle for trassporting radio-

active items.

(v)

(e)

(a)

Delivers the shipment to the common carrier or the destination, as applicabdble.
Returns the Bill of lading to the Travel and Transportaticn 3raach.

Arranges for the monitoring of the venicle by the RPO or his deaignated altermate either

at the destination or izmediately upca return to HEDL.

(1)
RPU.

The T%nvel and Transportation Branch returns one coOpYy of receipted Bill of Lading to the

14, Transfer of Padigéctive Vaterials. BZefore radicactive zmaterial i transferred frcm one loca-

ticno to

another vithin the Laboratcries, the RPO zust be notified by the person requesting the

transfer so that the operation can de properly surveyed.

15. Storage of Fadicactive Materials. Ali radicactive =aterials =ust be clearly labelled at all

S times, giving pertinent end accurate {nformation about the contents as vell as identifying the
\\_) person vho is respoosidble for the item.

a. Permanent Storage Locaticns:

(1) Permapent storage locations will de established wvith the cognizance of the RCC.

(2) Permanent storage locatiocns will be protected froz entrance by unsuthorized perscnsel ;nd

posted as required.

(3)
b.
(1)

Work areas adjacent to permapent storage aress shall be delow 0.25 mrem/hr.
Texporary Storage Locations.

Temporary storage cf radicactive materfal vhish has teen issued to en {ndividual i{s the

direct responsidility of that {ndi{vidual. The storage area vill confora with radiatiocn limits of
0.25 mrea/hr as set forth for permanent storage locations.

(2)
{ng the

. Temporary storage locaticns will be {dentifled by the appropriate radiation signs indicat-
radiation cha:acteristics, the actusl physical locaticn of the zaterial, and the precautiocns

to be takea.

16. Badi-active Waste. a. Dry Waste. Radiocactive dry waste zust be placed in cans vith plastic

liners,

labelled wish the standard radilatica symbol, and =arked "Eadiocactive Waste". Cans and the
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liner dags may be obtained by contacting the RPO. Do not p'/ce radioactive vaste {n any wrste-
basket other than the designated dasket, = .

b. Liquid Waste. Radioactive liquid vaste mus® be pleced in suitably shielded plastic bottles
labelled vith the standard radiaticn syzbol and specifyisg ae type acd approximate azount of radio-
{sotopes present. No liquid radicactive vaste, regardless 57 half-life, vill be disposed of by
pouring into any drains other than those designated by tre R¥C.

17. Protection of Maintenance and Constructicn Workers frcm Padiation Fazard.®

a. Whenever mailntenance or comstruction work i{s required {n an area vhere an i{ndividual could
conceivadly receive a radiation exposure or vhere there is a poassidility of contamipatica deing
present, {t cust be stated on the service request and the request zust de approved by the RPO.

b. It vill be the responsibility of all zmaintenance and construction supervisors concerned
to insure that all vorkers are familiar vith the radiaticn signs and to see that these signs are
cbeyed.

(1) Supervisor must sutmit to the RPO the naxzes of vorkers assigned to areas where a rediation
exposure i{s possidle. The RPO vill provide these vorkers with the necessary gersonnel =onitoring
equipment. The supervisor will notify the RPO vhen the Job is cozpleted.

(2) Upon request the RPO will provide instruction ia radiation safety to maistenance and con-
struction crevs.

18. ZEmergency Procedures. a. Becsuse of pbteztinl hazards created by bresksge of sealed containers
of radicactive zaterials, all such incidents should be reported to the RFO and the HDL Safety

Manager.
A . Acti;ns to be taken in sequence:
(1) Sh#t off all air conditicnmers and fans in the immediate area.
(2) Evacuate the area promptly, making no attezpt to remove debris.
. (3) Secure the ares to preven® eatry by others.
(4) Contact either of the above nazed officers and comply vith additicnal 1nstru¢€ions.

¢. Procedure to de folloved in the event of a wvound {acurred vhile vorking vith radicactive
naterials:

(1) Wash the injured area at once vith running vater.
(2f I:aediatel& secure Sedical attention frca the EDL Medical Office.
. (3) Notify or have scmecne else notify the RPO.
19. .Elig; ;. In tﬁe ;vent of a fire within one of the posted radiation areas, the individual
discovering the fire will {==~esdiately notify the RPO, the Safety Manager and Fire Marshall.

b. All perscns entering a posted area vill vear self-contained bdreathing apparatus unless
othervise directed by the RPO or his altermate.

e. Every effort will be cade to deter=ine the exposure received by the fire fighters. A
radiation survey of the ares should de made end fila tadges should be vorn by all persons entering
the aresa.

4. The superviscry Cuard officer will pest a guard to prevent entrance of ucauthorized persca-
nel. After the fire, the area vill de surveyed and cleared by the RO for por=aAl occupancy.

e. All fire fighters ecgaged in operaticns vhere radicactive materials are {nvolved should
“take a thorough shower bath as scoo as pessidle after the fire is over. The RPO will check the

13
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fire fighters for contamipation follewing the shover bath.

20, Trainisg. a. Personcel, including visitors, who will be exposed to radiaticn and/or radio-
active =aterials wvill de i{nformed of the follewing information prior to exposure:

(1) The presence of radiation or radioactive zaterial.
(2) Health hazards associsted with exposure to such caterials and/or radfation.
(3) Procedures and precsutions to xmininmize exposures.

(4) Applicable provisions of AEC licenses, DA authorizations, regulations, and standing operat-
ing procedurss, and applicable portions of Title 10 CFR, para 19, 20, and 21.

(S) Bmergency procedures.
(6) Right to receive a report of his exposure {ncurred.
(7) Proper use of protective equip=eat and clothing.

b. Radiaticn vorkers vill receive the instruc?ion‘in a, above. In additicn, they vill de

. instructed in the following areas:

(1) Maximm exposure and coptaminaticn levels.

(2) Safe methods of performing vork. (The use of protective equipcat and the operational
steps {nvolved vill be dezcnstrated.)

(3) Procedures to nminimize contanination and to secure sources cof radiatiocn froa authorized
use, . ’ Y

e. Before an ind{vidual uses or supervises the use of sources of radiation, the RCC shouid
determine that his tralning and experience are sufficient to emable him to deal safely vith zaterials
{involved.

4. An {ndividual whose training and experience !s not adequate will be required to vork under
the direct supervision of a person known to be qualified until such tine that the individual can
demonstrate his ability on the Job. In *he event such uraining i{s not available locally, {inquiry
should Ye =ade {nto the possidility of the employee receiving the required training and experiesace
at anocther DARCCM instaliation or activity.

€. Doergency and security personnel will be trained and equipped to cope vith radislogical
hazards that may be encountered im the performance of their duties. Trainirg vill de sufficient
to enadle such perscnnel to functiocm without waiting for the guidance of the RPO, or other i{ndivid-
uals not part of their {rmmediate group. Such persons will be informed of the existence of situa«
tions that might decome hazardous during special or unusual circumstances.

f. A record of training vill be recorded on DA Form 750 (Record of Training) and placed in
each exmployee's official personnel folder.

€. Radiaticon vor!ers vill receive annual refresher training. A wvritten record of initial acd
periodic refresher traizing vill be maintained by the RPO.

21. References,

a. Title 10, Code of Federal Regulaticns, Part 20, "Standards for Protection Against
Radiaticn™ and Title 29, Code of Federsl Regulatioms, Part 1910, "Occupational Safety and Health
Standards.” -

b. AR's Lo-1k, 55-55, 385-30 and T00-52.

e. AMCR's 385-25, 385-30.

1%
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4. U.S. Department o5f Coc=merce, Maticnal Sureau of Stendards Handtooks Numbers L8, s1, s,
59, 63' 660 69' 73. 75; and 78-

The proponent cac=and of this publication is the Zarry

Dierond Ladoratories Safety Office. Users are {avited

to send comments and sugsested improvements on DA Form

2028 to the Comesader, ADL, ATTN: DELHD-SA, 2800 Pow-
_der ¥411 Rd., Adelphi, MD 20783.
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BUILDING 504 COBALT-CO STUNCE, ALELFUI, MD

Revision 3, 1 Aéz 82
( ' PURPOSE: To insure the radiological safety of personnel using the cobalt-60
source and to protect the integrity’of the source elements. |
/

PROCEDURE FOR IN-POOL IRRADIATIONS:

1. The cobalt-60 source control room door and maze entry door
will be locked at all times, unless the.rooms are occupied.

2. There will be two different keys, #1 which unlocks the control
room door, and #2 which unlocks the maze entrance door. In addition, the con-
trol room door has a high-security hasp and padlock. 'This high-security hasp
and padlock will be unlocked by HDL security guards during working hours, and
will be secured otherwise.

: 3. Key #1 will be issued only to the Facility Supervisor, the
Chief Operator, the Alternate Operator, the HDL Radiation Protection Officer,
and to HDL security personnel. :

N

4. There will be only one copy of key #2. It will be kept in a
locked container located in HDL Bldg. 500 (AURORA). The Facility Supervisor,
the Chief Operator, the Alternate Operator, and the HDL Radiation Protection
Officer will be the only persons who have access to this container.

S. Experimenters (i.e. everyone participating in an experiment) who
desire to use the source during normal duty hours (0800-1630) must enter their
name and time of entry in the logbook provided for this purpose in the Cobalt
Facility Control Room. One member of the experimental group must sign for
keys #1 and #2. Keys #1 and #2 will be issued at Bldg. S00, AURORA by one of
the four persons identified in paragraph 4, above. Upon completion of their
experiment, he must return the keys to Bldg. 500 and sign out. Under no eir=
cumstances may the keys be removed from the immediate vicinity of the Bldg.
(:) - 500/504 complex. This sign out procedura also applies to lunch breaks and

short trips to the HDL main complex. Experimenters who remove the xeys from
the Bidg. 500/504 area, even for short periods of time, will be removed from
the list of authorized experimenters.

O

6. If an experimenter desires to work later than 1630, he will so
notify the HDL guard office (X-41117) before 1600. The security guard will
then take the cobalt-60 logbcok to the HDL guard office when he locks up
Bldg. 500. Upon lcaving Bldg. 504 for the night, experimenters will sign out
and lcave the xeys and their £ilm badges at the HDL guard office. The secur-
ity guard will return the keys, the logbock, and the £ilm badges to Bldg. 500
the next morning. . ’

7. 1f an experimenter desires to begin work earlier than 0800 or
work on weekends he will so notify the HoL guard office before 1609 of the
prcvious working day. The security guard will then take the keys, the log-
boock and the cxperimenters film badges to the HDL guard office when he locks

Cup Bldg. S00. When tae experimenter ccres in he will log in at the iDL guard
\.. offica. The sccurity guard will return the loglook to Bldg. 500 when he,
unlocks it at 0745.

Mudex G-¢ . | e



8. Experimenters must wear a fila badge while they are in the
Cobalt-¢0 Facility.

9. At least two persons must be in the Facility when a task
requires working around the pool with one or more of the three major grating
sections removed. Guard rails will be in plage during any such cperation.

PROCEDURE FOR FREE-AIR IRRADIATIONS:

1. Free air irradiations will only be undertaken by the following
persons: .
Facility Supervisor
Chief Operator _ ”
Alternate Operator F
HDL Radiation‘Psotection Officer

2. Two keys are required to perform free air irradiations: Key #3

" which activates the console power, and Xey #4 which activates the reset sta-

tion and controls source elevator motion. There will be only o-e set of Keys
#3 and %4. They will be kept in a locked key box in the-Coba.t Facility Con-
trol Room. The only persons who will have access "0 this ¥.y box will be the
Facility Supervisor, the Chief Operator, the Alternate ~perator, and the HDL
Radiation Protection Officer. ]

3. Two people must be present in the Facility whenever sources are
moved around in the bottom of the pool. This specifically includes moving
sources onto or off the source elevator. Cne of the people will have a cali-
brated ionizing radiation detection monitoring instrument to ensure that a
hazardous condition is not created by source manipulation procedures.

4. Prior to raising the source elevator, the cperator will visually
inspect the irradiation room to insure that it is unoccupied. He will then
activate the reset switch with Key #4, go out through the maze, and close the
maze cntrance door.

5. The cperator may then raise the source elevator at his convenience,
observing the T.V. monitor and control room Remote Area Monitor (RAM) #1. If
he detects any unsafe condition such as mechanical interference with source
elevator movement or an increase in the radiation exposure rate on RAM #1, he
will immediately lower the source elevator.

6. The operator must be in attendance in the control rocm for the
entire time the elevator is raised.
A
7. After the termination of each free-air irradiation procadure the
operator will enter the exposurc roca with a calibrated ionizing radiation moni-
toring instrument and determine that no radiation hazard_exists before any
other personnel are allowed to enter.

8. -Any malfunction shall be reported immediately to the HDL Radiation
Protection Officer and to the Facility Supervisor.
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PRUCLLDURE FCR CPERATING ELEVATOR I RCM CCEALT-60 ROOM:

1. Two persons are required to operate the source elevator in the
in-cell operating mode.

2. Both persons must visuvally verify that there is no source ele-~
ment on the elevator platform.

3. When ready to raise the elevator, one person will stand by the
pool with a menitoring instrument to detect any increase in the ionizing
radiation level while the second person energizes the elevator control.

4. when the elevator is fully raised and it has been verified
that there has been no increase in the radiation level, one of the operators
may work on the elevator platform while the other operator holds the key
switch. -

)"’

AUTHORIZED EXPERIMENTS:

1. All experiments involving use of the Cobalt Facility must be
reviewed and approved by the HDL Radiation Control Committee in accordance
with the procedures set forth in HDLY{ 335-20, Paragraph 1l1l.

2. Irradiation of the following classes of materials is strictly
prohibited:

a. Explosives or Flammable Liquids
b. Corrosive materials
¢. ~Any material which could violate the integrity of the
source pencil encapsulation.
3. Manipulation of source elements by experimenters is strictly
prohibited. : .

AUTHORIZED EXPERIMENTERS:

1. All experimenters must be supervised by employees of Harry
Diamond ILaboratories. Non HDL experimenters must have a film badge and an
HDL security badge. -

2. All experimenters must be approved (once only) by one of the
following:
Facility Supervisor
RPO
Altcrnate RPO

A list of the approved experimenters will Lo maintained with
the Cobalt-G0 source logbook.



MERGENCY PRCCEDURES: 4 .

1. Major Emcrgencies:

a. TIPES: Fire or other hazardous condition. 4
Continuous actuation of radiation alarms.
Abnormal pool water level.

b. RESPONSE: Evacuate the Cobalt Facility immediately.
Report the nature and location of emergen-
cy to the HDL Guard Office (X-41117).
Assemble in Bldg S04 parking lot.

2, Other Emergencies:

a. TYPE: Cbject dropped into pool.
b. RESPONSE: Nétify Facility Supervisor (x42290)

3. Use of the Facility shall not resume. until the cause of the
emergency condition has been determined and corrected to the satisfaction
of the HDL Radiation Control Committee.

L/
vl

KLAUSIG. KER?IS, Facility Supervisor .

PREPARED BY:

o/ e A
Y, 145K :
y N L il g
APPROVED BY: ,.-M.//;/ e

KLAS? G. XEREIS, Chief (A), Br. 22900

» .
2£(¢£¢,/ ﬁ%ﬁw;«dﬂ,&

MICHAEL BORISKY, RFO, HDL

.

REVIEWED AND APPROVED BY RCC:[2/3./ &Y /010

_Date Initials-
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COBALT-60 FACILITY WEEKLY CHECKLIST

’

HDL BIDG. 504

1. Verify the status of the following systems:

—

System Air Pressure: & psSig.
Console Power: ON "
RAM Power: ON RAML
RAM2
RAM3
Tank-O-Meter flow rate
water level inches
2. Verify that the circulating pump is running: | -
Check condition of sediment filter by
measuring inlet and cutlet pressure.
Replace filter if pressure drop exceeds
15 psi: IN osig
ouT psig
DROP *  ost
Check pool water resistivity at inlet )
and outlet of deionizer tanks. Inlet
resistivity should not be less than
.05 Mf#-cm: IN Mi-cm
ouT MR-cm
3. Check operation of RAM 1, 2, & 3 by
actuating the lamp which is built into
the probe. Verify that this check
causes an up-scale meter reading with
the associated audio & visual alarm
response for each RAM: RAM1
RAM2
RAM3

REMARKS :

Avwurre €0

MONITOR's NAME:

DATE:




PERICDIC MAINTENANCE SCHEDULE
COBALT-6D FACILITY
HDL 8LDG. 504

’

I. ADJUSTUENTS

A. Quarterly

)

1. Check elevator air system pressure. Adjust to 10
psi greater than that required to lift the required
maximun elevator load. L

2. Adjust the descent speed valve to limit elevator
descent speed when fully loaded.

3. Adjust the ascent speed valve to limit elevator
ascent spend with no losad.

Semiannually
1. Turn off pocl water supply valve.

Check trip settings on pcol level gauge switches by
isolating level gauge f.oom pool ard pressurizing it.
Switch trip settings siould be as fcllows:

a. High water level alarm: actuatioa point: 137 inches
b.. Fill valve: actuation point: 137 inches
¢. Pump cutout switch: reactuation point: 132 inches
d. Low water level alarm: reactuation point: 126 inches

Adjust all switches to within + 1 inch.
Turn pool water supply valve back on.

2. Check the console timers for proser functioring and time
delay setting. Adjust or replace as necessary,

II. FREVENTIVE MAINTENANCE

A,

Quarterly

1. ©4il all 2lavator drive tullevs (excest suirmerged
with 1i:ht =achise eoil.

O

2. Chick etavlcene hontle res=rva and repiace if nMessar:.,

] - . - . e ‘e - - ean - .
ds' BN5%a RAnIRTLASGP LG Lhtey Yo iR LA pEsey
PR ATIC N VA Gl Bepeiines L e WL el i o e, nbnt R
3 T sILet,

4. Insvact yatize el2varer cable for zigns of wenr.

-~ s
Co )c-cr\ —’b € v Diee 3

Checked
(Initial)

L
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e R N
TENAWCE SCHEDRULE

CCBALT-60 FACILITY

1.

B. Annually

. ’
Remove air pressure regulator dust and

* oiler bowls in elevator air control

2.

3.

W

I1I. REMARKS:

system. Clean bowls and refill oiler
bowl with clean oil.

Measure the insulation resistance of
the dummy control wire in the cable
tray. If this wire has less than
1X10/ ohms resistance to ground,
check all control wires and replace
those which are less than IX10‘ ohms
to ground.

Visually inspect wire insulation in
cable trays for radiation damage
such as brittleness or crumbling

in insulation. Replace all defective
wiring. I ~

CHECKED BY:

DATE:
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PERIODIC CALIBRATION SCHEDULE/PROCEDURES ; ‘
COBALT-60 FACILITY -
/ dDL BLDG. 50%

1. CALIBSRATION OF REMOTE AREA MONITORS

A. There are three remote area moniters in Building 504. RAM 1 is located in
the control room. It has a &4-decade logarithmic meter calibrated from 0.1 mR/hr
to 1R/hr. RAMs 2 and 3 are located in the exposure room. They have 5-decade
logarithmic scales calibrated from L0 mR/hr to 1M R/hr.

B. All RAMs must be calibrated quarterly, follewing the calibration instruc-
tions given in the NMC Model GA-2TO instruction manual with the following
exceptions and additions:

1) The only function of RAMs 2 and 3 is to detect radiition levels which
are significantly above background. It is therefore not necessary to calibrate
them over their entire meter range. RAMs 2 and 3 will be calibrated from
LOmR/hr to 1R/hr. A label will be affixed to RAMs 2 and 3 stating that they
are uncalibrated above 1R/hr.

2) All three RAMs have a remote meter readout at the control console.
These remote meters are to be included in the calibration procedure.

C. At the same time the RAMs are calibrated, high radiation alarm trip points
should be set as follows:

2.5 oR/hr

RAM 1:
RAM 2: 20. mR/hr
RAM 3: 20. mR/hr.

D. The calibration and alarm adjustment procedures are attached.

II. CALIERATION OF OZONE MONITOR

A. A Bendix Ozone Detector, Model 8002 is installed in the control room. This
unit continuously measures the ozone concentration in the exposure room during
{n-air-irradiation procedures. A sampling tube, extending from the unit to a
location zdjacent to the source elevator, provides the unit with a representa-
tive sample of exposure room air. The detector analyzes the air sample and
displays results which lie within a 0.01 to 1.0 PPM 05 range.

8. This detector must be'calibrated senmiannually, following the calibration
instructions gziven in the 3endix Ozone Detector, Model 8002 instruction manual
with the following additions:

1) The remote meter readout at the control console reproduces the reading
displayed at the detector unit. This remote meter is to be included ia the
calibration procedure.

420172
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2) The hich ozone alarm trip point should be set at 0.1 PPM. Therefore,
adjust the "range switch" on the ozone detector 2nd the red pointer en the
remote meter readout at the control console to 0.1 PPM.

C. The calibration and alarm adjustment procedure for the ozone datec “or
is attached.
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CALIBRATICN PRCCEDURE

To ¢alibrate the Model GA-270, the following steps should be folleowed:
g

A. Four-Cycle Scale (RaM 1)

1. Before turning on the instrument mechanically reset the indicating meter
to mechanical zero by means of the adjusting screw on the meter face. Note: 4 4
external recorder is used, it must be counected during calibration.

2. Refer to the diagram showing location of controls before making any adjust-
ment. Turn on the instrument and allow 30 minutes to elapse before making any
test except to adjust the regulated B+ to 13.4V DC. Notes: - Probes that have just
been assembled must be allowed to set 15 hours before attempting to calibrate.

3. Turn artificial background control counterclockwise until it rests against
stop. The artificial background control, when advanced clockwise, provides a small
amount of current to flow through a #344 lamp, located at the photo-cathode surface
of the 6655 tube, to keep the lampdimly lighted. The lamp provides the up-scale
reading in addition to providing an up-scale check of the instrument operation.

4. Connect a high voltage meter (negative to the violet stand-off 1located on
the probe amplifier, positive to gnd) and observe the drop in high voltage when a
source corresponding to the lowest indicated level is applied to the probe. This
drop shculd be 80 to 120 volts. g

S. Four adjusting points are used to calibrate a 4-cycle GA-2TO: a ceramic
potentiometer which is used for level shifting, and three color-coded potention-
meters, which are: :

brown - lowest indicated level adjustment (0.1 mR/hr)

red third cycle adjustment (100 mR/hr)
orange - fourth cycle adjustment ( 1 R/hr) "

6. Present a 0.1 nmR/hr source to the prcbe and adjust the brown pot until
the meter reads courrectly. 3

7. With a 100 mR/hr sourcze, adjust the red pot for the proéer meter value.

8. Using a 1R/hr source adjust the ceramic pot for a meter reading of about
1/4" up-scale from the 1lR/hr point.

9. Using the orange pot adjust for 1R/hr meter reading.

10. Repeat steps 7 and 9 until correct calibration is achieved.

11. Repeat steps 6, 7 and 9.

12. Check the calibraticn of the 1 mR/hr and 10 mR/hr points. If these points
read too hish repeat steps 8, 9, 10, 11 and 12. 1If the firest ancd second cycle points
read too low, then turn the ceramic pot counterclockwise a very small increrent.

Using the orange pot and a 1 R/hr source, set the meter on the correct resading. Re-
peat steps 6, 7, 2, 10 ard 12.
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B. Five-Cycle Adjustment (RAMs 2 and 3) ' .
. 39 Same as steps 1-4 on four-cycle adjustmeqt.
2. Using a %O mR/hr source adjust the brcwn.poc until the meter reads correctly.
3. Using 1 R/hr source adjust the red pot for the correct meter reading.

C. Calibratiocn of Fail-Safe and Alarm System

The following controls are used in the fail-safe and alarm calibration. Refer
to the location of the controls diagram before making any adjustment.

1. Alarm limit adjust.

2. Fail-Safe limit adjust.

With no source applied to the photomultiplier tube the fail-safe light will be on.

1. Turn the alarm leval pot to 10, the alert level pot to S (if one is used),
and the fail-safe level pot to zero.

2. Remove any artificial background scurce if used, or rotate artificial
background fully counterclockwise.

3. Push the up-scale check button and hold down.

4. Adjust the up-scaie control until the panel meter reads at the beginning
of the low end of the meter scale. ’

5. Rotate the low limit control until the yellow light is lighted. Move
the low limit control slowly in the opposite direction un%il the lamp extinguishes.
6. Turn up-scale check control until Lhe panel meter reads 2.5 mR/hr on RAM 1
or 20 mR/hr on RAMs 2 and 3.

e Adjust the high limit control until the red lamp extinguishes. Rotate
the high limit control slowly in tne opposite direction until the red lamp is
lighted.

8. - Repeat steps 3 through 7 until satisfactory calibration is achieved.

9. Adjust the up-scale check control until the panel meter reads just past
full scale. '

10. Reposition the artificial background source if used, or turn the artificial
background control clockwise until a suitable background reading is obtained.
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CALIB2ATION PRCCIDURE : -3

11. To calibrate the BEMDIX Model 8002 Qzone Analyzer, the following steps should
be followed:

A. Check the SAMPLE PLUS ETHYLENE flow rate to verify that the flow rate
meter indicates 28.5 mm Hg pressure. If necessary, adjust the SAMPLE PLUS
ETHYLENE ueedle valve to obtain the correct flow rate.

B. Place the MODE SELECTOR switch in the ZERO position.

C. Place the TIME CONSTANT SELECTOR switch in the 1 SEC position.

D. Slowly switch the FULL SCALE RANGE SELECTOR switch progressively down
scale, allowing the meter to settle at each position, until the switch is in the
.01 position.

E. Unlock the ZERO adjustment control and set it for an exact zero indica-
tion on the 03 CONCENTRATION meter. Lock the ZERO adjustment control,

F. Place the FULL SCALE RANGE SELECTOR switch to the .5 position..

G. Place the MODE SELECTOR switch to the CALIBRAIE positicn.

NOTE
Wait 15 minutes to allow
the unit's ozone generator
to stabilize.

H. Unlock the CALIBRATE adjustment control and set it to obtain an
03 CONCENTRATION meter indication of 69.

I. Lock the CALIBRATE adjustment concrol.



PRCCZDURE FOR
ING CONTAINERS

LOADING AXD UNLOADZ

XG
,NPI RADIOACTIVE SHI??

Assuning container is in pool loadeéd with cobalt-60, the following
procedures must de Zollowed in loading tailer and u1loaalng at other’

end:

Lower top cover in place making sure thah the gaeket
is prooe*lj in place. _ .

Y 2. Raise top of container to surface of pool, measuring
j radiation level continuousl Y and install cover bolts.

(:) 3. Raise container completely out of water measurlng .
radiation level continuously and washing outside of ) )
containar with demineralizeé water. Should radiation
level m2asure in excess of 3 3/hr at contact, the
container shall be lowered back in pool, the cover
removed, and enough cobalt removed to 1owe: radiation
level to less than 5 R/hr.

by 4. If the surface radiation level is less than S5 R/hr, allow
containa= to remain over pcol until there is no significant

amount of water éripping, then place in horizontal ; .

position over drains at side of pool. ‘4 3o

§., DPlace lead-wire seal on cover.

neralized water to vent openings and
ner

(:) 6. Connect é
a for one hour.

° 0
flush co t ai

7. Remove water connaction and connect helium to container
ané f£luskh until gas appears d4ry.

. 8. Install guick disconnect kablng, prassure gage, and
relief valve filter assembly. ressurize in e:cess
of 45 psig and check reliei valve.

9. Vent ané pressurize to a mi=iagm of 'S psig maximum
of 10 psig with Heliua through _ulck disconnect fittiang.

fT

contanination. Allowable
2200 DP¥. Deconteaination

b

ia excess oi tixe above

10. tWipe outsicdz of container dry and smear for surface
sur
is

face contamiration is
raquired for activity
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-

12.

13.

1¢.

15. .

16.
17.

18.

Measure marinun activity 3 Ze
note on shinping fora. Activi
1 R/AT Zoz shipmant.

Fill

8olt container to trailer

et from container and
ity must be less than

out =07 Padiosactive Group IIX labels and place
on both ends of cecntainer.

£dge of trailer (must b2 less than 200 mr/hr).-

weasur

points:

2. Edge of cage.
b.

c.

4. Tractor cad (must be less than 2 mr/hr).

-

and install cage.

e nmaximum radiation level at the following

8ix feet from tailer (must be less than 10 mr/hr).

Place DGT "2adioactive" placards on rear and both

sides of <railer and on front of tractor.

Complete N?I "Radioactive Shipment” form.

Prior to departure of a radioactive shipment, the
igne2 must b2 notified as to arrival date and tine.

cons
in &

notified bv talephone and given all of the above
information plus the routing in Maryland.

-t

édisiea, the Maryland Radiological Health Authority,
dr. Corcras, Chief (Telephone 301/383-3010) must be

while enroute the following must ba checked at all -

sto2

a.

Note

Voo

L=
O p'yu
I{ <« O

S

Survey container and not2 any changes in radiation

levals.,

-~ ' & :
: fSractor-trailer

v —— -

not be left unatsenced at

a7’ tin2 wnlie

arrival at cdasstin
his ¥a22lth Physic
ualozding.

. AN e e e B e v e
.- - . ——

- -
.-

check in with consignee and

- -

| ——— - ————— S ——

L —— — - ——— —

and accept container’

. ————© — —



20.

23,

» Upon accepiance Dy consignee:

a. rerove cage.

-

b. Remove hold down bolts and container.,/’///’

',

¢. Vent container through guick-disconnect into pcol.
4. Break lead-wire seal on cover and renove bolt

e. Remove relief valve, pressure gage, and quick
disconnect Lttlngs.

f. Lower into pool - remove lid and cobalt.’

Reﬂove container from pool and have facxli“y Health
-nysxcxse conduct internal and external radiation
survey oi.container. e

.Replace container cover, relief valve and pressure
gage. Remove DOT "Radioactive" labels and place
"EMPTY" placard or sign on either end of container.

Remove or cover DOT "Radioactive" signs on tractor-
trailer and load container and cage.

The Lol'ow1ng docnments must be in NPI driver's possess‘on
at all times during a radioactive shlpnen '

a. DOT Specxal Permit. ' 5
b. AEC License and Cask or Container Analysis.
c. NPI “Radiocactive Shipment" form.

d. N\PI Cp2rating and Emergency Procedures for Rad*oactzve
Shipments.

‘e. Drivers daily log book (DOT).

£.  Copy of latest revision of ICC Motor Carrier
Saiety Ragulations with accident forms.

g. Names, address, and telephone number of consigree.



DALE L. REPP
Manager, Ficld Services
Plant Superintendent .

i N
J 7 - EDJCATION n : -
. :'. ; - i
‘1' 1( weeks formal classes - National Bureau of Standards - 1965 ~ in health
B 3, rnysics. reactor phyaics :md nuclear instmmentauon.
‘."; 3 weeks training - 1\ava1 Research Laboratory Reactor - 1965 - m healtn
»',{‘ 8 ; p,.ysics and reactor operation. £
:::t‘ " 2 weeks tra.inmg Naval Research Laboratory 1965 - in hot cell operations
4T e with MTR type fuel elements. - : :

-

3 credit hours in chemls..ry, 3 credit hours in math 3 credit Lours in .
engineenng graphics; 3 non creuit hours in physics, math and english - 1963,

'-,., “ . ._’ 5

?.; weeks inform:u classes - 1966 in reactor sys~ems and operating procedures.'. .

’ .4 weeks courses - \'aﬁonal Bureau of St:mda rds - 1966 - in metal machine shop

=< ard weldmg. ' . .- o o e
gad RS A o ‘ e
'_-;}' EXPERIENCE N R IR o | ol s

1967 Present- jeuiron Products Inc,

Imt‘nl cobalt-GO calibration and removal {from Big Rock Point Power Reactor, -
» Charlevoix, Michigan., Started construction of NPI pool facility. Decanning
R - and ealibration of cobalt-50 sources at Westinghouse pool facility, Waltz Mill,
~Ea ' 'Pexmsyh.m.in. Construction of NPI pool facility and liquid phase irradiator.

“‘A xeted Tr:msported 300,000 curies cobalt-G0 from \Waltz Mill, Pennsylvania to Dickerson,
£7.5." \Ia:q'l'md Initial loading and shield testing of liquid phase irradiator. Operation
A ¥ = . of liquid pbase-irradiator and pool storzge facility, Second encapsulation of

e o " 250,000 curies cobalt-60 at IRL, Plainscoro, New Jersey inclucing loading and

3 “transfer in 30,000 curie lots in transfer caszk from reactor storage paol to hot

o .. cells. Operation of liquid phase irradiator and NPi pool racility. Construction
o s . and operation of NPI dry package irradiator.. Construction of NPI hot cell, storage
F7 Y 7 “canal and warehouse. Hot Ceil Supe.visor - cnc.qsulmon of 1,000,000 cuvics

.. cobalt-g0. Plant Superintecdent - consiruction of secoad dry puckage irradiator,
. Manager, Field Services - teletherapy source transicrs - animal irradiator

foo BT 7. NEUTRON PRODUCTS inc

.-

o‘;“‘ I LT 3 . . . . s : .
AXVEX C-H o TLE A S L T TN TRt - TN W sy P
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DALE L. REPP :
Page Two ' :

1964-1967 - National Bureau of Standards, Gaithersburg, Maryland,
i Nuclear Eungineering Technician
Assisted in chemical cleaning of the reactor primary systeéms; check out of
control sysiems and interlocks, and final assembly of reactor compenents,
Pa.rticipated in testing and evaluation of heavy water diaphragm valves.
k. ¢ Assembled a dummy core in the reactor vessel to simulate actual flow
Fed conditions and facilitate testing of reactor control and shutdown systems.
* Responsxble for debuzging and testing of reactor emergency cooling systems,
“ to insure that systems operated faultlessly and met wri ten specifications,
“ Check out of reactor purification system, shielding of the ion exchangers and
loadmg of the mixed bed into the I. X, vessels. Assisted in the assembly of
h- - work lists and schedules to insure the on time completion of reactor testing,
v o - In addition, I performed routine maintenance oa reactor systems and components
dr _-{-_- well as u:cxhary and secondary systemas. A i REPREIE N .
7 1963-—1964 Blount Brothers Corporatxon, Inc., Montgomery. Alabama, B 3
e Assistant erld Engineer _ _
lnterested in nuclear field while building reactor. Involved transit, level and
-stake-out for general building control. Building layout for excavating,
. "'_ reinforeing steel and concrete form work. Included "tzke off" from bluep*mts
- of architectural and structural materials, helped check out major reactor
* components for '""as built" dimensions and in-place alignment, I coordinated
certain phases of field work with structural and mechanical sub-contractors
and helped schedule delivery of material,
1962 1963 -~ Blake Cons..ruct'ion Corrp..ry, Inec., Washm"ton, B, C., Engineer's
24 Helper - Instrument Maa
Buildicg layout for c.xcavatlng. reinforcing steel, and concrele form work,
" Involved transit, level and stake-out work for general building control,

1952-1¢62 - S, W, Juck Dn’lli::g Comipany, Avoamore, Pennsylvania

" Took str:xt_a s_-nolﬂs and recorded operating data in log books, MNechanical
worlk consisied’of proventative maintenauce and repair of diesel add gas engines,
air ompressors, diaw wotks, gear Loxes, cabies and rigging drums, tun
tables, sozp, gel and mud pumps, water pump; aad othcr hydraulic 2and,

.. poeumatlic cquipment, .

SO P

| NG__UTRON DRODUCTS inc




DALE L. REPP
Page Three

1961-1962 ~ ﬁalph William Stonesifer, Keymar, Maryland i
Mechanic'ii work, repair of trucks, backhoes, and dozers. Field layout of'
roadways, sewera,e.systems and conservation drainage.

- 1958-1961 R H. Mornincstar. Middleburv, ‘ﬂaryland - B E

General dmry farm worL Installation and servxce of refnwerﬂhon units :md . .._,‘ ;
tmmlkt:m}s i R :
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RESUME

J. RICHARD DEMORY

’
Eoployer: Neutron Products, Inc., 1967 to present

Duties: Design, construction, and operation of main processing pool containing
megacurie quantities of cobalt-60,

Design and fabrication of special purpose underwater tools for handl-
ing, processing, and testing cobalt-60 sources.

Inventory control for multimegacurie cobalt-60 inventory.
Shipping large quantities of cobalt-60 utilizing a series of NPI
designed casks licensed for from 120,000 to 600,000 curies.

Superinterdent on building and radiaticn facility construction when
NPI acts as general contractor.

.Q

Previously had responsibility as health physics technician in multi-
megacurie cobalt-60 facility, operated radiation sythesis chemical
processing plant, and hot cell operator.

Enployer: Justrite Homes, 1966-1967

Duties: Mason Foreman

Employer: Craftsman, 1964-1966

Duties: Bricklayer

®)

E I\}EEUTRO_N PRODUCTS inc
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\J
ISOTOPE FANDLING EXPERIENCE
NAME: J. RICHARD Di:MORY
Where Lxperience Duration of ‘
Izotope Maximum Amount = Was ‘Gained """ """ ‘Experience - "~ Type of Use .
!
Cobalt-60 5,700,000 curiecs Neutron Products 1967-1977 Storage, handling and |
' shipping t
Cobalt-60 50,000 curies Dow Corning 3 days Loading and/or ualoading |
shipping cask g
. {
Cobalt-60 10,000 curies Univ. of Michigan 1 dav Loading and/or unloading l
' shipping cask |
Cobalt-60 200,000 curies Gamma Processing 2 days Loading and/or unloading f
shipping cask '
Cobalt-60 200,000 curies Industrial Reactor 3 days Loading and/or unloading
Laboratories shipping cask
Cobalt-60 300,000 curies Battelle Memorial 20 days Loading and/or unloading
Institute : shipping cask
Cobalt-60 200,000 curies Atlantic Richfield "~ 4 days _Loading and/or unloading
‘ Company’ shipping cask
Cobalt-60 200,000 curics Radiation Machinery 2 days Loading and/or unloading
shipping cask
Cobalt-GO 100;000 curies . .American Novawood 2 days .Loading and/or unloading
shipping cask
Cobalt-60 1,500 curies Massachusetts General 2 days Load telethérapy source
: Hospital




* NAME: .J. RICHARD DEMORY

N

W

COMPANY: NEUTRON PRODUCTS, INC.

()

Where Trained

Duration

On Job

Formal Course

Yes

No

Yes

No

Typé of Training

Principles and practices
of radiolopical health
safcty

Necutron Products

of Training

9 years

X

Radioactivity measurcments
standardization and moni-
toring techniques and in-
struacnts

Neutron Products

9 years

Mathematics and calcula-
tions basic to the use and
measurcment of radioactiv-
ity '

Neutron Products

9 years

Biological cffects of radi-
ation

Neutron Products

9 years

Actual use of radioisotopes

in the types and quantities!

for which application is
being made, or ecquivalent

Neutron Products

9 years
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FORM NAC 3744 U. S-NUCLEAR REGULATORY COMMISSION ) Page 1 of 1 Pages

| (8.78) )
: o MATERIALS LICENSE

Supplementary Sheet License Number 15=17250=0¢
Docket or 3J—/£¢‘%
Cevartrent cf the Ay Teference-No.

' rarry Tiaroné Lekoratories Prencrent 1C. U3
2800 Fowder Mill Poad
Adelrhi, Maryland 20783

In accordance with letter dated May 5, 1530, License !lurber 15-1725(=(4
is ammenced as follows:

Cendition 14, is arenced te read:

14, Except as stecifically proviced otherwise by this license, the licersee shall
possese and use 1 material cescribed in Items 6, 7, anc § of this license
in accordance with ¢ ments, representations, anc ~rocedures contz2ired in
arplication receivedvianuary 18, 1978; ervlicaticn cated Pvqust 11, 1578; anc
letter cated May 5, 1980. The Muclear Reculatery Coarrission's regulaticrs srall
covern the licensee's stateents in arnlications cr letters, unless the stoterents
are rere restrictive than the regulaticns,

syl £BUL Ry GULIN -
) “aterial Licencing Eranch

Date by
Division of Fuel Cycle and

Materiai Safety 2
C Washington, D.C. 20555

v 9 \“ For the U. S. Nucle;r _chtﬁatory Commission
Fatinge ' i




