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1.0 INTL.ODUCTION

Sentry Equipment Corp. (SEC) has evaluated the shielding design for the Post
Accident Sample System (PASS) equipiment being provided by SEC for use in
nuclear power stations. The PASS equipment consists of the following:

Grab Sample Pansl (GSP)
Containment Air Sample Panel (CASP)

This equipment is designec to enable an operator to obtain samples of primary
reactor coolant or containment atmosphere, which may be highly radioactive in
the event of a reactor accicent involving substantial {uel failure.

The results ¢f the shielding analyses cc: es 1 . .ic maximum integrated dose

10 &N Opei’tel piliciming why SAME.LE Opeluwwi «iing the GSP or CASP .8

ap~roximeatcly 400 mrem.”
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2.0 SHIELDING EVALUATION METHODS

2.1 Introduction

2‘2

The dose rates due to direct radiation emitted from the process piping
behind the GSP and CASP were determined by the SEC radiation shielding
design system computer codes. The methods used are discussed in section
2.2 and are based on the equations given in volume 1, section 6.2 of the
Engineering Compendium on Radiation Shielding (Springer-Verlag New York
Ine., 1868).

The dose rate contributions to the front of the GSP and CASP due to
backscatter from the walls and floor behind the panels is not considered.
There are no "thin" sections or ducts in the shielding that would make
scattered radiation of more concern than direct radiation.

The dose rate contributions due to various shield pznetrations are discussed
in section 2.3

Discussion of Methods
The cose rates were caleulated using the equations for shielded line sources.

Modeling was simplified by not considering shielding contributions of the
piping walls or self absorption in the process fluid. Obviously, this will
resull in a more conservative dose rate than if they had been considered.

The equations used for the geometries shown in Figure 2-1 are:

B S, Ay

At Py D.R. (mrad/hr) = (F(el,X)*F(Gg,Xﬂ
4w z C
B S, Ax

At Py & Pyt D.R. (mrad/hr) = [F(e,,x)-F(ey,x)]
4w 2z C

where:

B = scattered buildup factor as discussed in section 2.2.1.
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Sy = volumetric source strength (photons/sec/cm”) as discussed in section
3.2.1
Ay = cross-sectional area of source material

)
F(O,x) = J exp [-x see ej de'

0

Hity

S
&

photons/em?2/sec
C = flux to dose conversion
mrad/hr
t; = shield laminate thickness (em)

M = linear attenuation coefficient of shield laminate (em~1) (Table 2-1)

" %1 Scattered Dose Buildup Factors

The scattered buildup factor for multiple shields was determined by
Broder's miethod discussed in chapter 3 of Weapons Radiation Shielding
Hancbook (DNA-1893-3, Rev. 1; Mareh 1872), This method is based
on a buildup factor beiig calculated at each shield interface; once

for each laminate material as if the entire .h'~d consists of that
material. These buildup factors are then combined by Broder's
recurrence equation:

N-1 N-1
B (Fp, 1) =B (Z}Jlt) + BN ()_' ﬂ[tl) " BN (?“‘l])
=1 =1

where B ( ) indicates a function not a product.

Thus, the formula for total buildup is:
N N n N n-1

B (Zuity) =) By (5 pti) -2 By (ainti)
i=1 n=1 =1 n=2 1=1
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2.2.2

Cach individual buildup factor was calculated using Capo's point

source polynomial approximation:

3 ‘
B ’Z@i (ut)  (after Engineering Comgendium on
i=0 Radiation shielding, Vol, 1)

where ﬁi are the coefficients listed in Table 2-2

Gamma Scurce Definition
The source terms were divided into nine groups as follows:

Representative Energy Range

Energy (MeV) (MeV)
0.4 0.1 - 0.8
0.8 G = 0.9
1.3 0.9 - 1.35
1.7 1.35 - 1.8
2.2 1.8 - 2.2
2.5 2.2 - 2.6
2.8 2.6 - 3.0
4.0 3.0 - 5.0
6.1 6.1

Flux to Dose Conversion

Tne gamma flux calculated at the dose point is quantified in units
of phiotons/see/cm?2. These are converted to dose rates in mrad/hr

for each energy group as follows:

Energy Group Convcersion Factor
(MeV) (photons-hr/sec/em?/mrad)

0.4 1387

0.8 696.9
1.3 467.2
1.7 380.6
2.2 320.4
2.5 287.7
2.8 275.8
4.0 210.4
6.1 157.0

(after Nuclear Cnzineering Handbook, Section 7; MeGraw-Hill)
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2.3 Shicld Penetration
All penetrations passing through the shield are offset to minimize the dose
due to radiation streaining and nave negligible contribution to the dose

rate. However, the shiclding evaluation for Sentry Equipment Corp. High
Radiation Sample System considered the valve stem penetrations (which are
identical to those used on the PASS) to have no offset. Therefore, the
evaluation of the valve stem penetrations will be included, realizing this
will provide a conservative analysis.

Page 5§ of 26

- —— - — - SN ————— e e e



Table 2-1: Linear Attcnuation Coefficients

Energy Lead
(MeV) (:m-1)
0.4 7.4948
0.8 +.8707
1.3 0.6430
1.7 0.5477
2.2 0.5012
2.5 0.4888
2.8 0.4785
4.0 0.4695
6.1 0.4933

(after Niciear Enzineering Handh~-%, Section 7; MeGraw-Hill)
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Iron
(em=1)

0.7165
0.5174
0.4139
0.3571
0.3182
0.3026
0.2894
0.2575
0.2373
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Table 2-2:

Coefficients Used in Capo's Form of the Buildup Factor

Encr=y (MeV)

il P N
O 00 O el =1 & 00 o

m._bNNNl-'o-PO

Cnergy (MeV)

0O 00 U ed T O e

B2

B3

LEAD

50 Bl
0.99993E+00  0.24413E+00
0.10118E+00  0.30992%+00
0.10179E+01  0.36963E+00
0.10152E+01  0.38419E+00
0.10076E+01  0.37505E+00
0.10026E-01  0.36026E+00
0.99805E+00  0.34141E+00
0.99061E+30 0.25&70E+00
0.10044E+01  0.19172E+00

IRON
B0 By .
0.10025E+01 C.86091E+00
0.96274E+00 C.S0173E+00
0.10160E+01 C.T3677E+00
0.10141E+01 C....60E+00
0.10074E+01  0.32415E+00
0.10043E+01 .28796E+00
0.10018E+01  0.55378E+00
0.9978GE+00  0.44092E+09
0.99809E+00  0.31486E+00
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-0.17836E-01
-0.14248E-01
-0.78522E-02
-0.28531E-02
0.26969E-02
0.54705E-02

0.59319E-03
0.48683E-03
0.26797L-03
0.11143E-03
-0.30058E-05
-0.11432E-04

0.77384E-02  0.31761E-04

0.11135E-01 0.71972E-03
-0.14075E-02 0.29838E-02

B2 B3

0.97034E-01  -0.15664E-03
0.10918E-00  -0.15172E-02
0.57451E-01  -0.48387E-03
0.42602E-01  -0.45168E-03
0.33554E-01  -0.45419E-03
0.30177E-01  -0.43507E-03
0.27590E-01  -0.4C323E-03
0.21098E-01  -0.22404E-03
0.15465E-01 0.69837E-04




O

o
!
—

//5

—

/|

</5§

3

v//1/1,

N
V%

X/

7
/
l \%
1"

g




3.0 SHICELDING EVALUATION RESULTS

3.1 Design Criteria

The shiciding provided on the Grab Sample Panel (GSP) and the Containment

Air Sampl: Panel (CASP) is designed to limit the integrated dose to an

operator standing one (1) meter in front of the panel to 3 rem whole pody

and 18.75 rem extremities {rom a single exercise. l R2

GSP Shielding Evaluation

Source Terms
The radiation source terms used in the GSP shielding evaiuation

oased on:

- 221 .
«v01 0l ﬁt

equilibriu: sperating &t a pow
telease ] UL oL tne noble gas, 50% of the nalogen, and

1% the solid racior. :lides to the reector coolant

- AtSs ARA sAm o ’
PEI2WCY COC.0.0 Vel it i 99V0 cuuig icadt

A
These source terms are listea in Taole 3-1. -

The shielding evaluation is based on the " -. =* .:.e aeident defined
Oy the source terms aoove. The types of samples waich can be
obtained during accicen

* 30 ml in=li

? gases

* 38 ml sample of undiluted, gas-stripped reactor coolant

*1000:1 diluted, =stripped reactor coolant sample

*®:15,000:1 diluted, stripped gases '
A purge of all lines connecting the GSP to the reactor coolant system
precedes the acquisition of each sample. After the purge is complete,
the 30 ml in-line pressurized reactor coolant sainple is isolated. At
this time, any lines in the panel econtaining reactor coolant would
be flushed with d¢ cralized water to reduce the total active
volume. Then the in-line sample is stripped, separating the
from the liquid. Now, eny or all of the remaining samples may be

taken. Upon completion of the sammple acyuisition, the entire panal




( )

W2 & 5 |

"2

3

is lushed with demineralized water to remove the remaining active
liquids and gases.

The process piping and component data used for this evaluation is:
* all lines in the panel are either 1/4 inch diameter by 1.166
inch bore tuoe or 1/8 inch diameter oy 0.U67 inch bore tuoe.
* the volume of all 1/4 inch tuoe rising stem valves is 1 mi
* the volume of the thermocouple is the same as an equal
length of 1/8 inch tube
* the volume of the VREL is the same as an equal length of
1/4 inch tube
* the flow element is 3/8 inch diameter by 0.315 inch bore tube
* ell bou vaiszes have the same bore as . “ir connecting tubing
* the velume of all 1/8 inch tuoe rising stem valves is 0.1 ml
* the volume of SF1 is 30 ml
* the volume of EV1 and EV2 is 300 ml (150 ml each)
The total source voluines ar > listed in Table 3-2.
Specific details on GSP operation are given in the Operation and
Maintenance Manual.

GSP Shielding

The CSP sliclding design consists of a main panel shield and a shield
surrounding the opening for the undiluted sample cask. The main
pane. snielc is comprised of T inches of lead shot held between two
1/2 inch steel plates and runs from the floor to the top of the panel.
The shield surrounding the opening for the (undiluted sample cask is?
comprised of 4 inciies of solid lead between two 1/2 inch steel plates.
This shield is connected to the opening in the main panel shield and
covers the interior side wall, rear wall, and ceiling of the opening.
Refer to Figure 3-1 for an illustration of the shielding.

The lead shot density used In the analysis was 7.14'g/cm'3; This
value cgrresponds to odve of the theoretical lead dcr.sit}"‘oi 11.&4‘
g/ciud and ic based on mechanical and rauiometric measurcinents
made vy Sentry Equipment Corp.

Page '0 of 26
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3.2.4

3.2.5

3.3 CASP

The maximum whole body and extremity dose rates are considerec
to be one and the same since use of the rcach rod requires that the
hands be close to the body. These dose ratcs arc listed in [aole

3-3. The line source geometries are shown in Figures 3-2 through
3-4. The dose point considered was directly in front of SF1 at a
distance of one (1) meter from the front of the panel. No other
points were considered as SF1 will always contain the greatest
concentrated active volume during sampling.

Valve Stem Penetrations

The valve stem penetrations used on the PASS are identical to those
used on the HRSS. Therefore, the results from the HHRSS stuay were
used in this study, It should be unccrztood that the radietion
streaming from cne penetration is so “.zaly collim=.izd that it .iu
not be edditive to the exposure from any other penetration.
Therefore, the dose rate of 10 mrem/hr was used for valve siem
penetrations oased on "Lvaluation of the Dose Rate and Shielding
Requirements for the HRSS Equipment", NUS 3872; Octooer 1931.

GSP Integrated Dose Results
The integrated cose results are compiled in Table 3-4. 7 w52 : 5

10 ==

are"Well below ihe reguirsmonts of 3 rem whole vogy ¢ ~ 1878 =m |

extremities sp.cified by the integrated dese cr 2ria,

Shielding Evaluation

3.3.1

Source Terms

The raciation source terms used in the CASP shielding evaluation

are based on:

* an equilibrium core operating at a power level of 2561 MW,

* release of 100% of the noble gas and 25% halogen radionuclides
to tne containment atmosphere

* containment free volume of 158,562 cubic [cet

These source terms are listed in Table 3-1.

Page 11 of 26
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3.3.2 The shielding evaluation is based on the "worst case" accident defined

3.303

by the source terms ahove. The type of sample obtained during
accident conditions is:

* §24:1-sample of the containment atmosphere (the volume of the

sample before dilution is 24 )

A purge of the sample lines in the CASP and its interconnecting
lines to the containment precedes the acquisition of the sample.
After the purge is complete, the sample is trapped in the diluter
valve and swept into the sample vial. Upon completion of 1ae sample
acquisition, the entire panel is flushed with nitrogen to remove the
remaining active ges,

The process piping and compz~unt data used for this eveluztion is:

¢ all lines in the panel are <i:lie: 1/4 inch diameter by 0.166 inch
bore tube or 1/8 inch diameter by 0.067 inch bore tube.

* the eductor exhaust line has & 0.166 inch bore containing
radioactive gas the remainder of the bore is nonradioactive
nitrogen.

* the flow element ia 1/4 inch diameter by 0.166 inch bore tube.

* all ball and plug valves have the same bore as their interconnecting
tubing.

The total source volume is lis‘el in Table 3-2. Specific details ¢cn

CASP operation are given in the Operation and Maintenance Manual.

CASP Shielding

The CASP shielding design consists of a front panel shield and two
side panel shields, The front panel shield is comprised of seven
inches of lead shot held between two 1/2 inch steel plates and runs
from the floor to the top of the panel. The side shields are five
inches of lead shot held between 2 1/2 inch steel plates and run
from the floor to the top of the panel.

Refer to Figure 3-5 for an illustration of the shielding.
The lead shot used in the analysis was 7.14 g/em3. This value

Puge 12 of 26
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3.3.4

3.3.5

corresponds to 63'% of the theoretical lead density of 11/34 g/em?,
The maximum whole pody and extremity dJdose rates are considered
to be one and the same sincc use of the reach rod requires that the
hands be close to the body. These dose rates are listed in Table

3-3. The line source geometry is shown in figure 3-6. The dose :
point considered is one meter from the panel face, U.8128 meter |
goove the floor, and 0.2032 meter from tne panel's right side. |

T —

Valve Stem Penetrations
See Section 3.2.4.

CASP Integrated Dose Results
The integrated dose results are comp !ed in Table 3-5§. These results

ure well below the rcecuircements of ¢« rem whole 23y c... L8753 rem

extremitics specificc oy .ne integraled dose critcrias

Page 13 of 26
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Table 3-1:

Source Terms

Liquid Sources for a Non-Linebreak Accident

Representative
Energy (MeV)
6.1

= © 00 o ~3 o o

Q&N?noﬂwo

Production Rate @ 1 Hour
(photons/sec/cm3)

0.3379E+11
0.4225E+11
0.1403E+11
0.6152E+10
0.3334E+10
0.2544E+10
0.1511E+10
0.3101E+10
0.9508E+08

Degascd Liquid Scurces (30em3 total volume)

Representative
Energy (MeV)

0.

DBV O
- O 00 Ut =3 W

Production Rite @ 1 Hour
(photons/.<e/em¥)

0.3171E+11

0.4108E+11
0.1363E+11
0.5915E+10
0.3117E+10
0.2290E+10
0.1511E+10
0.3008E+10

Gas Sources (270 em3 total volume)

Representative
Energy (MEV)

U.‘
0.8

Page 14 of 26

Production Rate @
(photons/sec/em

&) Hour

0.2084L+10
0.1174E+10
0.3970E+09
0.2371E+09
0.2175E+09
0.2538E+09
0.2488E+06
0.3374L+06
0.2492C+01
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Table 3-1: Source Terms (Con't)

( 'J)

Containment Atmosphere Sources for a Linebreak Accident

Representative Production Rate @ 1 Hour R
Energy (MeV) (photons/see/em3) I
U 0.270%z+10 i
0.8 0.1253E+10
1.3 0.4237E+09
1.7 0.2028E+09
2.2 0.1450E+09
2.8 0.2528E+08
4.0 0.2606E+07
6.1 0.1357E+02
2
N
2
\'
s,
’ (Source terms were prepared by Sargent & Lundy Engineers)
9
e

: ! Page 15 of 20
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Table 3-2:

Source Volumes

GSP
Operation Volume (em3)
Purge 86.4
Capture in-line flask 116.4
Diluted or unciluicd liquid 36.0
sample
Diluted gas 303.4 (gas)
30.0 (liquid)
CASP
Operation Volume (em3)

Purge & Sampling

12.4

Page 16 of 26
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Table 3-3: Dose Rates

GSP
Operation Dose Rate (mrem/hr)
Purge 1907
Capture in-line flask 2532
Diluted or undiluted liquid 554.7
sample
Diluted gas 331.6
CASP
Operation Dose Rate (mrem/hr)
Purge & Sampling 15.6

Page 17 of 26
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oo Table 3~i: C-P Interrated Doses

Operation Time in field (min) Dose (mrem)
Purge 5 ' 158.9
Capture in-line flask 3 126.6
Strip gas 6 | 62.5
Subtotal for initial operations 348
-
0 To obtain undiluted or 5 46.2
4 ‘diluted liquid sample
™
D Total 394.2
To obtain diluted gas 5 27.6
o
- Total 375.6
9

:) Page 18 of 26
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Table 3-5: C/SP Integrated Dose

Operation Time in field (min)
Purge 3
Sampling 1

TOTAL

‘ Page 19 of 20

Dose (mrem)

0.8

0.3

1.1
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