
Chapter 14 - Technical Specifications Table of Contents

SHINE Medical Technologies 14-i Rev. 0

CHAPTER 14

TECHNICAL SPECIFICATIONS

Table of Contents

Section Title Page

14a1 HETEROGENEOUS REACTOR TECHNICAL SPECIFICATIONS .............14a1-1

14a2 IRRADIATION FACILITY TECHNICAL SPECIFICATIONS.........................14a2-1

14a2.1 INTRODUCTION .........................................................................................14a2-2
14a2.2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS................14a2-3
14a2.3 LIMITING CONDITIONS FOR OPERATION ...............................................14a2-4
14a2.4 SURVEILLANCE REQUIREMENTS............................................................14a2-5
14a2.5 DESIGN FEATURES ...................................................................................14a2-6
14a2.6 ADMINISTRATIVE CONTROLS..................................................................14a2-7
14a2.7 REFERENCES ............................................................................................14a2-18

14b TECHNICAL SPECIFICATIONS OF PROCESSES OUTSIDE THE 
IRRADIATION FACILITY .............................................................................14b-1

14b.1 INTRODUCTION .........................................................................................14b-1
14b.2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS................14b-2

14b.2.1 SAFETY LIMITS FOR PROCESSING IRRADIATED SPECIAL 
NUCLEAR MATERIAL OUTSIDE OF THE REACTOR ...............................14b-2

14b.2.2 SAFETY LIMITS FOR PROCESSING UNIRRADIATED SPECIAL 
NUCLEAR MATERIAL OUTSIDE OF THE IRRADIATION FACILITY ........14b-2

14b.2.3 SAFETY LIMITS FOR RADIOCHEMICAL PROCESSING..........................14b-2
14b.2.4 SAFETY LIMITS FOR CHEMICAL PROCESSING .....................................14b-2
14b.2.5 LIMITING SAFETY SYSTEM SETTINGS....................................................14b-2

14b.3 LIMITING CONDITIONS FOR OPERATION ...............................................14b-3

14b.3.1 PRIMARY PROCESS COMPONENTS AND SYSTEMS.............................14b-3
14b.3.2 CONTAINMENT AND CONFINEMENT.......................................................14b-3
14b.3.3 VENTILATION SYSTEMS ...........................................................................14b-3
14b.3.4 EMERGENCY ELECTRICAL POWER ........................................................14b-3
14b.3.5 RADIATION MONITORING SYSTEMS AND EFFLUENTS ........................14b-3

14b.4 SURVEILLANCE REQUIREMENTS............................................................14b-4
14b.5 DESIGN FEATURES ...................................................................................14b-5
14b.6 ADMINISTRATIVE CONTROLS..................................................................14b-6
14b.7 REFERENCES ............................................................................................14b-7



Chapter 14 - Technical Specifications List of Tables

SHINE Medical Technologies 14-ii Rev. 0

List of Tables

Number Title

14a2-1 SHINE Facility Proposed Parameters for Technical Specifications



Chapter 14 - Technical Specifications List of Figures

SHINE Medical Technologies 14-iii Rev. 0

List of Figures

Number Title

None



Chapter 14 - Technical Specifications Acronyms and Abbreviations

SHINE Medical Technologies 14-iv Rev. 0

Acronyms and Abbreviations

Acronym/Abbreviation Definition
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ISA Integrated Safety Analysis

IU irradiation unit

LCO limiting condition of operation
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SHINE SHINE Medical Technologies, Inc.

SL safety limit
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TOGS TSV off-gas system

TSV target solution vessel



Chapter 14 - Technical Specifications Heterogeneous Reactor Technical Specifications

SHINE Medical Technologies 14a1-1 Rev. 0

CHAPTER 14

TECHNICAL SPECIFICATION

14a1 HETEROGENEOUS REACTOR TECHNICAL SPECIFICATIONS

The SHINE Medical Technologies, Inc. (SHINE) facility is not a heterogeneous reactor facility; 
therefore, this section does not apply.
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14a2 IRRADIATION FACILITY TECHNICAL SPECIFICATIONS

This section encompasses the technical specifications for the processes involving special 
nuclear material (SNM), radioisotopes, and chemicals inside the irradiation facility (IF).

In accordance with the requirements of Title 10 of the Code of Federal Regulations (10 CFR) 
50.34 (a)(5), this section identifies the variables and conditions that will likely be the subjects of 
technical specifications for the SHINE facility.  These may change with the operating license 
application.  These variables and conditions are based on the preliminary design of the SHINE 
facility.  The technical specifications will be submitted with the operating license application.

These proposed variables have been identified on the premise that this material presents a 
sound framework upon which a final, complete set of technical specifications can be provided 
with the operating license application.
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14a2.1 INTRODUCTION

The format and content of the technical specifications will be written with the guidance provided 
in American National Standards Institute (ANSI)/American Nuclear Society (ANS) 15.1, “The 
Development of Technical Specifications for Research Reactors” (ANSI/ANS, 2007).  The 
technical specifications for non-power reactors include the categories in 10 CFR 50.36 for 
production and utilization facilities.

Normal operation of the SHINE facility within the limits of technical specifications will not result in 
off-site radiation exposure in excess of 10 CFR 20 guidelines.
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14a2.2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

Safety limits (SLs) will be placed on important process variables as necessary to reasonably 
preserve the integrity of the primary system boundary (PSB) and prevent the uncontrolled 
release of radioactivity.  For the SHINE IF, the PSB is the target solution vessel (TSV), TSV 
dump tank, TSV off-gas system (TOGS), and associated piping and components.  SLs may also 
be established for the character and quality of the target solution.

Limiting safety system settings (LSSSs) are settings for automatic protective devices related to 
those variables having significant safety functions. These settings ensure that automatic 
protective action will correct the abnormal situation before an SL is exceeded.

Refer to Table 14a2-1 for the SLs and LSSSs associated with the PSB. The justifications for the 
variables chosen are given in the section/subsection listed in the Table 14a2-1.
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14a2.3 LIMITING CONDITIONS FOR OPERATION

Limiting conditions of operations (LCOs) are derived from the safety analyses and are 
implemented administratively or by control and monitoring circuitry to ensure safe operation of 
the irradiation facility.  The LCOs are the lowest functional capability or performance level 
required for safe operation of the irradiation facility.

Table 14a2-1 shows LCOs associated with the irradiation facility. The justifications for the 
variables chosen are given in the sections listed in the table.
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14a2.4 SURVEILLANCE REQUIREMENTS

Surveillance requirements will be provided in the technical specifications.
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14a2.5 DESIGN FEATURES

Design features that will be provided in the technical specifications are the features of the SHINE 
facility, such as materials of construction and geometric arrangements that would have a 
significant effect on safety if these features were altered or modified.  The requirements of 
10 CFR 50.36(c)(4) are specified here as they pertain to the above referenced processes (see 
Table 14a2-1).
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14a2.6 ADMINISTRATIVE CONTROLS

Administrative controls will be provided in the technical specifications.

Examples of the proposed subjects of administrative controls are provided below:

Procedures 

Written procedures shall be established, implemented, and maintained covering activities 
described in the following Programs.

Programs

• Criticality-safety

• ALARA (includes use of accelerator and hot cell audible and visual warnings)

• Procurement and use of transport and waste containers

• Fire protection (includes installed and transient combustible loading, performance of hot 
work, deuterium source vessel integrity, fire watch requirements, use and storage of 
flammable and combustible liquids and gasses)

• Solvent control (includes control of process residence times, solvent quality control, and 
solvent solution sampling and analysis)

• Tritium control (includes inventory control and sampling)

• Light water coolant activity monitoring

• Chemical control



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-8

R
ev

. 1

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 1
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
SL

s 
an

d 
LS

SS
B

as
is

2
  S

Ls
 a

nd
 L

S
S

S

2.
1

S
Ls

•
TS

V
 p

ow
er

 

•
U

ra
ni

um
 c

on
ce

nt
ra

tio
n

•
U

ra
ni

um
 e

nr
ic

hm
en

t

•
Q

ua
nt

iti
es

 o
f r

ad
io

ac
tiv

e 
m

at
er

ia
ls

 13
a2

.1
.8

/1
3a

2.
2.

8 
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns

13
a2

.1
.2

/1
3a

2.
2.

2 
In

se
rti

on
 o

f e
xc

es
s 

re
ac

tiv
ity

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
S

B
 S

ys
te

m
 in

te
ra

ct
io

n 
ev

en
ts

13
b.

2.
4 

C
rit

ic
al

 e
qu

ip
m

en
t m

al
fu

nc
tio

n

13
b.

2.
5 

In
ad

ve
rte

nt
 n

uc
le

ar
 c

rit
ic

al
ity

 in
 th

e 
ra

di
oi

so
to

pe
 

pr
od

uc
tio

n 
fa

ci
lit

y

13
b.

2.
6 

R
ad

io
is

ot
op

e 
pr

od
uc

tio
n 

fa
ci

lit
y 

fir
e

2.
2

Li
m

iti
ng

 S
af

et
y 

S
ys

te
m

 
S

et
tin

gs

•
TS

V
 L

S
S

S
 

a.
 

TS
V

 c
ov

er
 g

as
 h

yd
ro

ge
n 

co
nc

en
tra

tio
n 

hi
gh

b.
 

TS
V

 n
eu

tro
n 

flu
x 

hi
gh

, s
ou

rc
e 

ra
ng

e

c.
 

TS
V

 n
eu

tro
n 

flu
x 

hi
gh

, h
ig

h 
ra

ng
e 

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.8

/1
3a

2.
2.

8 
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns

13
a2

.1
.9

/1
3a

2.
2.

9 
D

et
on

at
io

n 
an

d 
de

fla
gr

at
io

n 
in

 p
rim

ar
y 

sy
st

em
 

bo
un

da
ry



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-9

R
ev

. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 2
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 
pe

r
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
LC

O
 o

r C
on

di
tio

n
B

as
is

3
LC

O
s

3.
1

TS
V

 a
nd

 
Ta

rg
et

 
S

ol
ut

io
n

P
ar

am
et

er
s

•
Ta

rg
et

 s
ol

ut
io

n 
pa

ra
m

et
er

s:

a.
P

re
ci

pi
ta

tio
n 

ca
ta

ly
st

 
co

nc
en

tra
tio

n

b.
U

ra
ni

um
 c

on
ce

nt
ra

tio
n

c.
U

ra
ni

um
 e

nr
ic

hm
en

t

d.
Fi

ss
io

n 
pr

od
uc

t a
ct

iv
ity

 b
as

ed
 o

n 
th

e 
m

ax
im

um
 n

um
be

r o
f c

yc
le

s 
pr

io
r t

o 
ta

rg
et

 s
ol

ut
io

n 
cl

ea
nu

p

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.8

/1
3a

2.
2.

8 
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts

•
TS

V
 p

ar
am

et
er

s 
an

d 
op

er
at

io
na

lc
on

st
ra

in
ts

: 

a.
H

ig
h 

fil
l f

lo
w

 ra
te

b.
M

ax
im

um
 b

ul
k 

te
m

pe
ra

tu
re

c.
M

in
im

um
 b

ul
k 

te
m

pe
ra

tu
re

d.
V

oi
d 

co
ef

fic
ie

nt
 d

es
ig

n 
va

lu
e

e.
Te

m
pe

ra
tu

re
 c

oe
ffi

ci
en

t d
es

ig
n 

va
lu

e

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.3

/1
3a

2.
2.

3 
R

ed
uc

tio
n 

of
 c

oo
lin

g 

13
a2

.1
.8

/1
3a

2.
2.

8 
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

0
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
 

(S
he

et
 3

 o
f 1

0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

pe
r 

A
N

SI
/A

N
S-

1
5.

1-
20

07
Se

ct
io

n 
N

am
e

LC
O

 o
r C

on
di

tio
n

B
as

is
3.

2
TS

V
 C

on
tro

l 
an

d 
S

af
et

y 
S

ys
te

m
s

•
TR

P
S

: R
eq

ui
re

d 
ch

an
ne

ls
 

op
er

ab
le

 p
er

 T
ab

le
 3

.2
.1

Ta
bl

e 
3.

2.
1 

(C
ha

nn
el

 m
on

ito
re

d,
 

nu
m

be
r o

f c
ha

nn
el

s 
re

qu
ire

d,
 

al
lo

w
ab

le
 v

al
ue

, n
om

in
al

 s
et

po
in

t, 
pe

rm
is

si
bl

e 
by

pa
ss

 o
r o

th
er

 
co

nd
iti

on
s)

a.
TS

V
 c

ov
er

 g
as

 h
yd

ro
ge

n 
co

nc
en

tra
tio

n 
hi

gh
b.

 
TS

V
 n

eu
tro

n 
flu

x 
hi

gh
, s

ou
rc

e 
ra

ng
e

c.
 

TS
V

 n
eu

tro
n 

flu
x 

hi
gh

, h
ig

h 
ra

ng
e

d.
 

Lo
ss

 o
f P

C
LS

 fl
ow

e.
 

H
ig

h 
P

C
LS

 te
m

pe
ra

tu
re

f. 
P

rim
ar

y 
cl

os
ed

 lo
op

 c
oo

lin
g 

sy
st

em
 (P

C
LS

) l
ow

 te
m

pe
ra

tu
re

g.
E

S
FA

S
h.

M
an

ua
l

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.3

/1
3a

2.
2.

3 
R

ed
uc

tio
n 

of
 c

oo
lin

g 

13
a2

.1
.8

/1
3a

2.
2.

8 
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns

13
a2

.1
.9

/1
3a

2.
2.

9 
D

et
on

at
io

n 
an

d 
de

fla
gr

at
io

n 
in

 p
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

1
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 4
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

pe
r 

A
N

SI
/A

N
S-

1
5.

1-
20

07
Se

ct
io

n 
N

am
e

LC
O

 o
r C

on
di

tio
n

B
as

is
3.

2
(c

on
t’d

)
TS

V
 C

on
tro

l a
nd

 
S

af
et

y 
S

ys
te

m
s

•
TO

G
S

a.
 T

O
G

S
 o

pe
ra

bl
e 

an
d 

in
 o

pe
ra

tio
n 

(o
pe

ra
bl

e 
in

cl
ud

es
 b

lo
w

er
s,

 
re

co
m

bi
ne

r b
ed

s,
 a

nd
 in

te
rlo

ck
 w

ith
 

no
bl

e 
ga

s 
re

m
ov

al
 s

ys
te

m
 [N

G
R

S
])

b.
 H

yd
ro

ge
n 

m
on

ito
rin

g 
in

di
ca

tio
n

c.
 H

yd
ro

ge
n 

co
nc

en
tra

tio
n 

w
ith

in
 li

m
its

13
a2

.1
.5

/1
3a

2.
2.

5 
Lo

ss
 o

f o
ff-

si
te

 p
ow

er

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts
 

13
b.

2.
1 

M
ax

im
um

 h
yp

ot
he

tic
al

 a
cc

id
en

t i
n 

th
e 

ra
di

oi
so

to
pe

 
pr

od
uc

tio
n 

fa
ci

lit
y 

(R
P

F)

•
S

af
et

y 
sy

st
em

 e
qu

ip
m

en
t

a.
 T

S
V

 d
um

p 
va

lv
es

b.
 N

eu
tro

n 
dr

iv
er

 c
irc

ui
t b

re
ak

er
s 

c.
 N

eu
tro

n 
dr

iv
er

 in
te

rlo
ck

 w
ith

 T
S

V
 fi

ll 
op

er
at

io
n

d.
 D

um
p 

ta
nk

 e
m

pt
y 

du
rin

g 
st

ar
tu

p 
an

d 
irr

ad
ia

tio
n

e.
  F

ill
 v

al
ve

s

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.3

/1
3a

2.
2.

3 
R

ed
uc

tio
n 

of
 c

oo
lin

g 

13
a2

.1
.8

/1
3a

2.
2.

8
La

rg
e 

un
da

m
pe

d 
po

w
er

 o
sc

ill
at

io
ns

13
a2

.1
.9

/1
3a

2.
2.

9 
D

et
on

at
io

n 
an

d 
de

fla
gr

at
io

n 
in

 p
rim

ar
y 

sy
st

em
 

bo
un

da
ry

3.
3

C
oo

la
nt

 
S

ys
te

m
s

•
Li

gh
t w

at
er

 p
oo

l s
ys

te
m

 (L
W

P
S

)
a.

 T
em

pe
ra

tu
re

 u
pp

er
 li

m
it 

an
d 

te
m

pe
ra

tu
re

 lo
w

er
 li

m
it

b.
 L

ev
el

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.1
.3

/1
3a

2.
2.

3 
R

ed
uc

tio
n 

of
 c

oo
lin

g

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

2
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 5
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
Su

bs
ec

tio
n 

R
ef

er
en

ce
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
LC

O
 o

r C
on

di
tio

n
B

as
is

3.
4

C
on

ta
in

m
en

t 
or

 
C

on
fin

em
en

t

•
Tr

iti
um

 p
ur

ifi
ca

tio
n 

sy
st

em
 (T

P
S

) 
gl

ov
e 

bo
x 

sy
st

em
 o

r c
on

fin
em

en
t

•
IU

 a
nd

 T
O

G
S

 s
hi

el
de

d 
ce

ll 
co

nf
in

em
en

t i
so

la
tio

n 
va

lv
es

•
R

P
F 

co
nf

in
em

en
t i

so
la

tio
n 

va
lv

es

13
a2

.1
.7

/1
3a

2.
2.

7 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B
 

13
a2

.1
.1

2.
2/

13
a2

.2
.1

2.
2 

Irr
ad

ia
tio

n 
fa

ci
lit

y 
fir

es

3.
5

V
en

til
at

io
n 

S
ys

te
m

s
•

Ve
nt

ila
tio

n 
sy

st
em

s 
(R

C
A

 v
en

til
at

io
n 

sy
st

em
 Z

on
e 

1 
[R

V
Z1

]/R
C

A
 

ve
nt

ila
tio

n 
sy

st
em

 Z
on

e 
2 

[R
V

Z2
])

a.
 Is

ol
at

io
n 

da
m

pe
rs

b.
 F

ilt
er

s

13
a2

.1
.4

/1
3a

2.
2.

4 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 ta

rg
et

 s
ol

ut
io

n

13
a2

.1
.7

/1
3a

2.
2.

7 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B
 

13
a2

.1
.1

2.
3/

13
a2

.2
.1

2.
3 

TP
S

 d
es

ig
n 

ba
si

s 
ac

ci
de

nt

13
b.

2.
4 

C
rit

ic
al

 e
qu

ip
m

en
t m

al
fu

nc
tio

n
•

P
ro

ce
ss

 v
es

se
l v

en
t s

ys
te

m
 (P

V
V

S
): 

B
lo

w
er

s 
op

er
ab

le
13

a2
.1

.5
/1

3a
2.

2.
5 

Lo
ss

 o
f o

ff-
si

te
 p

ow
er

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts

3.
6

E
m

er
ge

nc
y 

P
ow

er
•

E
m

er
ge

nc
y 

po
w

er
 s

ys
te

m
 o

pe
ra

bl
e

13
a2

.1
.5

/1
3a

2.
2.

5 
Lo

ss
 o

f o
ff-

si
te

 p
ow

er

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

3
R

ev
. 1

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 6
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
Su

bs
ec

tio
n 

R
ef

er
en

ce
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
LC

O
 o

r C
on

di
tio

n
B

as
is

3.
7

R
ad

ia
tio

n 
M

on
ito

rin
g 

S
ys

te
m

s 
an

d 
E

ffl
ue

nt
s

•
N

ob
le

 g
as

 s
to

ra
ge

 ta
nk

 a
ct

iv
ity

•
Ta

rg
et

 s
ol

ut
io

n 
tra

ns
fe

r d
ec

ay
 ti

m
e

13
b.

2.
4 

C
rit

ic
al

 e
qu

ip
m

en
t m

al
fu

nc
tio

n

•
R

ad
ia

tio
n 

m
on

ito
rin

g 
sy

st
em

s
a.

 C
ha

nn
el

s 
an

d 
in

te
rlo

ck
s 

w
ith

 
ve

nt
ila

tio
n 

sy
st

em
s

b.
 M

on
ito

rin
g 

eq
ui

pm
en

t o
pe

ra
bl

e

13
a2

.1
.4

/1
3a

2.
2.

4 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 ta

rg
et

 s
ol

ut
io

n

13
a2

.1
.7

/1
3a

2.
2.

7 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B

13
a2

.1
.1

2.
3/

13
a2

.2
.1

2.
3 

TP
S

 d
es

ig
n 

ba
si

s 
ac

ci
de

nt
3.

8
E

xp
er

im
en

ts
N

/A
N

/A

3.
9

Fa
ci

lit
y 

S
pe

ci
fic

 L
C

O
s

•
C

rit
ic

al
ity

-s
af

e 
su

m
ps

a.
 S

um
p 

pu
m

p 
op

er
ab

le
b.

 S
um

p 
le

ve
l d

et
ec

to
rs

 o
pe

ra
bl

e

13
b.

2.
5 

In
ad

ve
rte

nt
 n

uc
le

ar
 c

rit
ic

al
ity

 in
 th

e 
ra

di
oi

so
to

pe
 

pr
od

uc
tio

n 
fa

ci
lit

y

•
R

ad
io

lo
gi

ca
l I

nt
eg

ra
te

d 
C

on
tro

l S
ys

-
te

m
 (R

IC
S

)
13

b.
2.

4 
C

rit
ic

al
 E

qu
ip

m
en

t M
al

fu
nc

tio
n



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

4
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 7
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
D

es
ig

n 
Fe

at
ur

es
B

as
is

5
D

es
ig

n 
Fe

at
ur

es

5.
1

S
ite

 a
nd

 F
ac

ili
ty

 
D

es
cr

ip
tio

n
•

B
ui

ld
in

g 
de

si
gn

 to
 re

si
st

 e
xt

er
na

l e
ve

nt
 

su
ch

 a
s 

ai
rp

la
ne

 c
ra

sh
, t

or
na

do
s 

an
d 

to
rn

ad
o 

m
is

si
le

s,
 h

ig
h 

w
in

ds
, f

lo
od

s,
 

se
is

m
ic

 e
ve

nt
s

•
R

ob
us

t d
es

ig
n 

of
 IU

 a
nd

 T
O

G
S

 
sh

ie
ld

ed
 c

el
ls

·

13
a2

.1
.4

/1
3a

2.
2.

4 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 ta

rg
et

 s
ol

ut
io

n

13
a2

.1
.6

/1
3a

2.
2.

6 
E

xt
er

na
l e

ve
nt

s

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts

13
a2

.1
.1

2.
1/

13
a2

.2
.1

2.
2 

In
ad

ve
rte

nt
 e

xp
os

ur
e 

to
 n

eu
tro

ns
 fr

om
 

th
e 

ne
ut

ro
n 

dr
iv

er

13
b.

2.
3 

E
xt

er
na

l e
ve

nt
s

•
P

ip
e 

tre
nc

h 
se

al
s 

to
 m

iti
ga

te
 th

e 
co

ns
e-

qu
en

ce
s 

of
 s

pi
lls

 o
r l

ea
ks

13
b.

2.
4 

C
rit

ic
al

 e
qu

ip
m

en
t m

al
fu

nc
tio

n

•
N

G
R

S
 n

ob
le

 g
as

 d
ec

ay
 ta

nk
 s

to
ra

ge
 

ce
ll 

de
si

gn
ed

 to
 m

iti
ga

te
 th

e 
co

ns
eq

ue
nc

es
 o

f l
ea

ks
; N

G
R

S
 

ba
ck

flo
w

 p
re

ve
nt

er
 d

es
ig

n;
 N

G
R

S
 a

nd
 

ga
s 

de
ca

y 
ta

nk
s 

in
te

gr
ity

13
a2

.1
.1

1/
13

a2
.2

.1
1 

P
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y 

in
te

ra
ct

io
n 

ev
en

ts

13
b.

2.
4 

C
rit

ic
al

 e
qu

ip
m

en
t m

al
fu

nc
tio

n



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

5
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 8
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
D

es
ig

n 
Fe

at
ur

es
B

as
is

5.
1 

(c
on

t’d
)

S
ite

 a
nd

 
Fa

ci
lit

y
D

es
cr

ip
tio

n

•
Fa

ci
lit

y 
be

rm
s,

 c
el

l, 
an

d 
va

ul
t c

on
fig

u-
ra

tio
n 

fo
r c

he
m

ic
al

 s
to

ra
ge

 a
nd

 p
ro

-
ce

ss
es

13
b.

3 
A

na
ly

si
s 

of
 a

cc
id

en
ts

 w
ith

 h
az

ar
do

us
 c

he
m

ic
al

s

•
TP

S
 c

el
l v

ol
um

e 
co

m
bi

ne
d 

w
ith

 T
P

S
 

tri
tiu

m
 in

ve
nt

or
y 

su
ffi

ci
en

t t
o 

m
ai

nt
ai

n 
le

ss
 th

an
 L

FL
 a

ss
um

in
g 

a 
tri

tiu
m

 le
ak

•
R

ob
us

t T
P

S
 c

on
fin

em
en

t s
ys

te
m

 
de

si
gn

; t
rit

iu
m

 tr
an

sp
or

t c
on

ta
in

er
s

13
a2

.1
.7

/1
3a

2.
2.

7 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B

13
a2

.1
.1

2.
2/

13
a2

.2
.1

2.
2 

Irr
ad

ia
tio

n 
fa

ci
lit

y 
fir

es
 

•
Fi

re
 re

si
st

an
t c

on
st

ru
ct

io
n 

of
 

su
pe

rc
el

ls
, h

ot
 c

el
ls

, t
an

k 
en

cl
os

ur
es

, 
an

d 
pr

oc
es

s 
en

cl
os

ur
es

; t
hr

ee
 h

ou
r 

fir
e-

ra
te

d 
ba

rr
ie

rs
 th

at
 s

ep
ar

at
e 

fir
e 

ar
ea

s

13
b.

2.
6 

R
ad

io
is

ot
op

e 
pr

od
uc

tio
n 

fa
ci

lit
y 

fir
e

•
P

ro
du

ct
io

n 
fa

ci
lit

y 
bi

ol
og

ic
al

 s
hi

el
d;

 
irr

ad
ia

tio
n 

fa
ci

lit
y 

bi
ol

og
ic

al
 s

hi
el

d
13

b.
2.

4 
C

rit
ic

al
 e

qu
ip

m
en

t m
al

fu
nc

tio
n



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

6
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 9
 o

f 1
0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 
pe

r 
A

N
SI

/A
N

S-
1

5.
1-

20
07

Se
ct

io
n 

N
am

e
D

es
ig

n 
Fe

at
ur

es
B

as
is

5.
1 

(c
on

t’d
)

S
ite

 a
nd

 
Fa

ci
lit

y
D

es
cr

ip
tio

n

•
R

V
Z1

 d
uc

tw
or

k 
ro

bu
st

 d
es

ig
n

13
a2

.1
.4

/1
3a

2.
2.

4 
M

is
ha

nd
lin

g 
of

 ta
rg

et
 s

ol
ut

io
n

13
a2

.1
.7

/1
3a

2.
2.

7 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B

5.
2

TS
V

 C
oo

la
nt

 
S

ys
te

m
 

D
es

ig
n

•
R

ob
us

t d
es

ig
n 

of
 th

e 
TS

V,
 T

O
G

S
, 

du
m

p 
ta

nk
, p

ip
in

g 
an

d 
va

lv
es

; a
nd

 
lig

ht
 w

at
er

 p
oo

l; 
du

m
p 

ta
nk

 e
le

va
tio

n 
re

la
tiv

e 
to

 th
e 

TS
V

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
a2

.2
.1

 T
ar

ge
t s

ol
ut

io
n 

sp
ill

 in
 th

e 
irr

ad
ia

tio
n 

op
er

at
io

ns
 a

re
a

13
a2

.1
.4

/1
3a

2.
2.

4 
M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 ta

rg
et

 s
ol

ut
io

n 

13
a2

.1
.5

/1
3a

2.
2.

5 
Lo

ss
 o

f o
ff-

si
te

 p
ow

er

13
a2

.1
.7

 / 
13

a2
.2

.7
 M

is
ha

nd
lin

g 
or

 m
al

fu
nc

tio
n 

of
 e

qu
ip

m
en

t 
af

fe
ct

in
g 

th
e 

P
S

B
 

13
a2

.1
.9

 / 
13

a2
.2

.9
 D

et
on

at
io

n 
an

d 
de

fla
gr

at
io

n 
in

 p
rim

ar
y 

sy
st

em
 b

ou
nd

ar
y

5.
3

Irr
ad

ia
tio

n 
U

ni
t

•
N

eu
tro

n 
dr

iv
er

 a
cc

es
s 

do
or

 in
te

rlo
ck

 
sw

itc
h;

 th
ic

k 
w

al
ls

 in
 IU

 c
el

l a
nd

 
sh

ie
ld

 p
lu

g

13
a2

.1
.1

2.
1/

13
a2

.2
.1

2.
2 

In
ad

ve
rte

nt
 e

xp
os

ur
e 

to
 n

eu
tro

ns
 fr

om
 

th
e 

ne
ut

ro
n 

dr
iv

er



C
ha

pt
er

 1
4 

- T
ec

hn
ic

al
 S

pe
ci

fic
at

io
ns

In
tro

du
ct

io
n

S
H

IN
E

 M
ed

ic
al

 T
ec

hn
ol

og
ie

s
14

a2
-1

7
R

ev
. 0

Ta
bl

e 
14

a2
-1

 S
H

IN
E 

Fa
ci

lit
y 

Pr
op

os
ed

 P
ar

am
et

er
s 

fo
r T

ec
hn

ic
al

 S
pe

ci
fic

at
io

ns
(S

he
et

 1
0 

of
 1

0)

C
ha

pt
er

/
Se

ct
io

n/
 

Su
bs

ec
tio

n 
R

ef
er

en
ce

 p
er

 
A

N
SI

/A
N

S-
15

.
1-

20
07

Se
ct

io
n 

N
am

e
D

es
ig

n 
Fe

at
ur

e
B

as
is

5.
4

Fi
ss

io
na

bl
e 

M
at

er
ia

l S
to

ra
ge

•
C

rit
ic

al
ity

 s
af

et
y 

de
si

gn
 - 

TS
V

 d
um

p 
ta

nk
 a

nd
 R

P
F 

ta
nk

s;
 u

ra
ni

um
 

st
or

ag
e;

 n
eu

tro
n 

ab
so

rb
er

 in
 ta

nk
s;

 
cr

iti
ca

lit
y-

sa
fe

 c
on

ta
in

er
s,

 ra
ck

s,
 

su
m

ps
, v

es
se

ls
; c

on
cr

et
e 

va
ul

t w
al

ls

13
a2

.1
.2

/1
3a

2.
2.

2 
E

xc
es

s 
re

ac
tiv

ity

13
b.

2.
5 

In
ad

ve
rte

nt
 n

uc
le

ar
 c

rit
ic

al
ity

 in
 th

e 
ra

di
oi

so
to

pe
 

pr
od

uc
tio

n 
fa

ci
lit

y



Chapter 14 - Technical Specifications References

SHINE Medical Technologies 14a2-18 Rev. 0

14a2.7 REFERENCES

ANSI/ANS, 2007. The Development of Technical Specifications for Research Reactors, 
American National Standards Institute, ANSI/ANS-15.1, 2007.



Chapter 14 - Technical Specifications Introduction

SHINE Medical Technologies 14b-1 Rev. 1

14b TECHNICAL SPECIFICATIONS OF PROCESSES OUTSIDE THE IRRADIATION 
FACILITY

This section encompasses the technical specifications for the processes involving special 
nuclear material (SNM), radioisotopes, and chemicals outside the IF produced from licensed 
materials.

In accordance with the requirements of 10 CFR 50.34 (a)(5), this section identifies the variables 
and conditions that will likely be the subjects of technical specifications for the SHINE facility.  
These may change with the operating license application.  These variables and conditions are 
based on the preliminary design of the SHINE facility.  The technical specifications will be 
submitted with the operating license application.

These proposed technical specifications have been formulated on the premise that this material 
presents a sound framework upon which a final, complete set of specifications can be developed 
with the operating license application.  

14b.1 INTRODUCTION

The format and content of the Technical Specifications will be written with the guidance 
provided in ANSI/ANS 15.1 (ANSI/ANS 2007), NUREG-1537, and the Final ISG Augmenting 
NUREG-1537.  The technical specifications for the facility outside the IF will comply with the 
regulations in 10 CFR 50.36 pertaining to a fuel reprocessing facility, as required by the Final ISG 
Augmenting NUREG-1537.
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14b.2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

14b.2.1 SAFETY LIMITS FOR PROCESSING IRRADIATED SPECIAL NUCLEAR 
MATERIAL OUTSIDE OF THE REACTOR

For irradiated SNM outside of the TSV, SLs are derived for criticality accident prevention based 
on the Nuclear Criticality Safety Program, and also from an Integrated Safety Analysis (ISA).  
Limits are specified, using the double-contingency principle, to avoid a criticality accident. Limits 
are set with a conservative margin.

For irradiated SNM outside of the TSV, appropriate limits are imposed pursuant to 
10 CFR 50.36(c)(1) to ensure that fission products will be controlled to prevent excessive 
releases from the containment components, systems, or structures, particularly those structures, 
systems, and components containing large inventories of byproduct material.

14b.2.2 SAFETY LIMITS FOR PROCESSING UNIRRADIATED SPECIAL NUCLEAR 
MATERIAL OUTSIDE OF THE IRRADIATION FACILITY

Limits are specified, using the double-contingency principle, to avoid a criticality accident. Limits 
are set with a conservative margin.

14b.2.3 SAFETY LIMITS FOR RADIOCHEMICAL PROCESSING

Safety limits for radiochemical processing are developed to maintain operations within limits 
pursuant to 10 CFR 50.36 to protect the staff and the public. The amount of radiation is limited so 
as not to exceed the shielding and confinement capabilities of the systems and components in 
which the materials are processed or stored.

14b.2.4 SAFETY LIMITS FOR CHEMICAL PROCESSING

Safety limits for chemical processing with hazardous chemicals that are conducted coincident to 
operations with SNM or radioactive material are developed in accordance with 10 CFR 50.36. 

14b.2.5 LIMITING SAFETY SYSTEM SETTINGS

For each process variable or parameter for which a SL is specified, and for which monitoring 
instruments are used, a protective operating limit is set to avoid exceeding the SL. This LSSS is 
calculated to provide a conservative margin below the SL and to account for overall 
measurement uncertainty, operating characteristics of control systems, and accuracy of control 
instrumentation. LSSSs will be established, as much as possible, to ensure adequate safety 
margins for each of the processes described above.

Refer to Table 14a2-1 for the SLs and LSSSs associated with the processes outside the 
irradiation facility.
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14b.3 LIMITING CONDITIONS FOR OPERATION

LCOs are derived from the ISA and are administrative or engineered controls in addition to 
LSSSs that are put in place to ensure that operations are maintained within safe limits.

The LCOs will include the features discussed in the following subsections as appropriate. Refer 
to Table 14a2-1 for the LCOs associated with the processes outside the irradiation facility.

14b.3.1 PRIMARY PROCESS COMPONENTS AND SYSTEMS

Processing SSCs and procedures that are designed and constructed to ensure that processing is 
conducted safely will have LCOs established for each of the processes defined in Section 14b.2 
above.

14b.3.2 CONTAINMENT AND CONFINEMENT

A confinement system is required as a result of the ISA and is defined as an LCO, pursuant to 
10 CFR 50.36(c)(1).

14b.3.3 VENTILATION SYSTEMS

The ISA prescribes the need for certain ventilation configurations, they are listed as an LCO 
pursuant to 10 CFR 50.36(c)(1).

14b.3.4 EMERGENCY ELECTRICAL POWER

The ISA prescribes the need for emergency electrical power, the power supply is listed as an 
LCO pursuant to 10 CFR 50.36(c)(1).

14b.3.5 RADIATION MONITORING SYSTEMS AND EFFLUENTS

Radiation monitoring systems and limits on effluents are specified as they pertain to the 
above-referenced processes, pursuant to 10 CFR 50.36(c)(1).
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14b.4 SURVEILLANCE REQUIREMENTS

Surveillance requirements will be provided in the technical specifications.



Chapter 14 - Technical Specifications Design Features

SHINE Medical Technologies 14b-5 Rev. 0

14b.5 DESIGN FEATURES

Design features that will be provided in the technical specifications are the features of the SHINE 
facility, such as materials of construction and geometric arrangements that would have a 
significant effect on safety if these features were altered or modified.  The requirements of 
10 CFR 50.36(c)(4) are specified here as they pertain to the above referenced processes. Refer
to Table 14a2-1 for the design features associated with the processes outside the irradiation 
facility
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14b.6 ADMINISTRATIVE CONTROLS

See Section 14a2.6 for examples of Administrative Controls that will be in use at the SHINE 
Facility.

The remaining administrative controls will be provided in the technical specifications.
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