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INDIANA & MICHIGAN ELECTRIC COMPANY

P.0. BOX 16631
COLUMBUS, OHIO 43216

"

November 3, 1983
AEP:NRC:0578I
Donald C. Cook Nuclear Plant Unit Nos. 1 and 2

Docket Nos. 50=315 and 50-316
License Nos. DPR=58 and DPR-74

 EQUIPMENT ENVIRONMENTAL QUALIFICATION PROGRAM;

CALCULATION OF SPECIFIED RADIATION DOSES

* Mr, Harold R. Denton,.Directoxr

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Denton:

This letter responds to Mr. S. A. Varga's letter dated May 2, 1983,

~ which requested additional information on the environmental qualifica-

tion program for electric equipment important to safety at the Donald C.
Cook Nuclear Plant Unit Nos. 1 and 2, More specifically, Mr, S. A.
Varga requested that we provide a reference for the assumptions and
methodology used in estimating post-accident radiation environments for
equipment items of concern. Furthermore, we were requested to include a
description of the Donald C. Cook Nuclear Plant containment type and a
discussion regarding the. source terms which have been used in the
qualification program.

Attachment 1 to this letter provides a general description of the
ice condenser reactor containment system utilized by the Donald C. Cook
Nuclear Plant. Please note that the Final Safety Analysis Report for
our facility contains additional information which we have not included
in this abbreviated descxription.

Attachment 2 to this letter addresses the basic methodology used in
calculating radiation environments both inside and outside the ice
condenger containment. In general, we utilize a computer code which

. calculates gamma and beta doses due to a cylindrical source which is

modeled as a set of line sources. Versions of this code (e.g., NSLSHL3
and SHL1GG) have been used in a number of applications, such as
calculating equipment radiation doses for equipment items which are near
the recirculation flow path piping systems following a Loss-of-Coolant
Accident (LOCA). ' We have also applied this.methodology to airborne and
submerged source term dose calculations for many components inside
containment.

&

N\

8311110065 831103 0
SDR ADOCK osooogég



Mr. Harold R.. D.on T -2~ . * AEP:NRC:0578I T

The application of this methodology to equipment items inside
containment is described in additional detail in Attachment 3 to this
letter. That attachment provides information on the assumed source term
(compr;sed of fifty-four radioisotopes), the studies which led to the
selection of bounding accumulated dose values as a function of time for
components inside containment (both above and below.the containment
flood-up level), and sample calculations.

Attachment 4 to this letter presents the assumptions which led to
similar bounding accumulated dose values as a function of time for
components outside containment. It is noted that the computer code
which was used in the outside containment studies formed the basis for
the computer code utilized in our work on equipment within containment.
The methodology employed by each of these codes is, however, similar
enough to ensure that no appreciable differences exist between the basic
calculational .methods used in calculating radiation doses either inside
or outside containment. The results of sample calculations are also
included in Attachment 4 for numerous equipment items located near
recirculation flow paths in a post-LOCA environment.

It should be noted that we have not enclosed calculations for every
equipment item identified in response to either IE Bulletin No. 79-01B
or 10 CFR 50.49. Rather, this submittal is intended to provide your
staff with an understanding of the basic methodology and assumptions
which are used in determining environmental qualification radiation
specification doses for many electric equipment items. We also note
that page 2-2 of Attachment 2 discusses certain differences between the
specification doses presented in Attachments'3 and 4 of this submittal
and the specification doses listed on the System Component Evaluation
Worksheets (SCEW sheets) presented in Attachments 4 and 5 to our letter
No. AEP:NRC:0578B, dated June 11, 1982. The reasons for these :
differences are also described in Attachment 2 to this submittal. Since
the specification doses for many electric equipment items were revised ~—
during the process of preparation of this letter, we have not yet had
time to apply our quality assurance procedures to the new calculational
results. A quality assurance review of these results and an ongoing
review of the radiation specification doses for the Donald C. Cook
Nucleaxr Plant will be conducted following transmittal of this submittal.
If these reviews uncover the need for any additional changes, we will
advise you of those changes by separate letter.

-

This document has been prepared following Corporate Procedures
which incorporate a reasonable set of controls to ensure its accuracy
and completeness prior to signature by the undersigned.

Very truly yours,

.

M/ P, 2l ch
Vice President
MPA/dam
cc: (attached) ‘
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Mr. Harold R. l‘on . -3« . ‘

cc: John E. Dolan
W. G. Smith, Jr., - Bridgman
R. C, Callen
G. Charnoff ‘ -
E. R. Swanson, NRC Resident Inspector - Bridgman
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ATTACHMENT 1 TO AEP:NRC:0578I

GENERAL DESCRIPTION OF ICE CONDENSER CONTAINMENT
DONALD C. COOK NUCLEAR PLANT UNIT NOS. 1 AND 2
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General Description Of Ice Condenser Containment

The ice condenser reactor containment system is divided into three
major compartments -- the reactor coolant system or lower compartment,
the upper compartment, and the ice condenser compartment. Figures 1-1
through 1-3 present the general boundaries of these compartments. These
Figures also show the dead-ended compartments within containment whose
air volumes are not dlsplaced by steam into the upper compartment during
a Loss=-of-Coolant Accident (LOCA).

The lower compartment completely encloses the reactor coolant
system equipment and associated auxiliary systems equipment. The upper
compartment contains the refueling canal, refueling equipment, and the
polar crane which is used during refueling and maintenance operations. .
The upper and lower compartments are separated by a low leakage
barrier (e.g., the operating deck) to minimum steam bypass between the
compartments during a LOCA. The dead-ended volumes are adjacent to the
lower compartment and include the auxiliary pipe tunnel, the accumulator
compartments, and the instrument room,

The ice condenser compartment, which contains the borated ice
provided to quench the energy released during a LOCA, is in the form of
a completely enclosed and refrigerated annular compartment which is
located radially between the reactor coolant system compartment and the
outer wall of the containment and, in elevation, generally above the
operating deck. That portion of the ice condenser which extends into
the lower compartment has a series of hinged doors exposed to the
atmosphere of the lower containment compartment. For normal plant
operation, these doors are designed to remain closed. At the top of the
ice condenser is another set of doors exposed to the atmosphere of the
upper containment compartment. These doors are also designed to remain
closed during noxmal operation. The ice bed is held within the ice
condenser in baskets arranged to promote heat transfer from steam to ice
should the condenser be needed to serve its function. A refrigeration
system maintains the ice in the solid state. Suitable insulation o
surrounding the ice condenser compartment minimizes heat transfer to the
ice condenser enclosure.

In the event of a Design Basis Accident (DBA) such as a LOCA or a
Main Steam Line Break (MSLB) within containment, the door panels located
below the operating deck open due to the pressure rise in the lower
compartment. This allows air and steam to flow from the lower
compartment into the ice condenser. The resulting buildup of pressure
in the ice condenser causes the door panels at the top of the condenser
to open, allowing for air flow into the upper compartment. The steam
condenses quickly upon entering the ice condenser, thus limiting the
peak pressure in the containment building. The major factor which sets
the peak pressure reached within containment as a result of a DBA is the
compression of air displaced by steam as it flows from the lower and ice
condenser compartments to the upper compartment. Therefore, since the
peak pressure is related to the ratio of volumes for the various
containment compartments, judicious selection of compartment volumes
during the containment design process can alter the predicted peak
pressure until any desired value is achieved. :




It is also noted that condensation of steam within the ice
condenser causes a pressure differential between the upper and lower
compartments which results in a continual flow of steam from the lower
compartment to the condensing surface of the ice. This helps reduce the
time that the containment is at elevated pressure.

Performance Criteria For The Ice Condenser Containment

The performance of the ice condenser containment is demonstrated by
results and analysis of ice condenser tests performed on a full-scale
section test at the Westinghouse Waltz Mill Site. These tests confirmed
the ability of the ice condenser to perform satisfactorily over a wide
range of conditions, exceeding the range of conditions that might be
experienced in an accident inside the containment building.

The ice condenser containment performance has been evaluated by
testing the effect of certain important parameters. A partial list of
parameters tested include blowdown rate, blowdown energy, deck leakage,
compression ratio, drain performance, ice condenser hydraulic diameter,
dead~ended volumes, and long term performance. Analytic models have
been developed to correlate and supplement these test results in the
evaluation of the containment design. The results indicate that the
analytic models are conservative and that the performance of the ice
condensexr containment is predictable relative to these variables.

The enexgy absorption capacity of the ice condenser is at least
twice that required to absoxb all of the energy that can be released
during the ‘initial blowdown phase of the reactor coolant system for all
reactor coolant pipe break sizes up to and including the hypothetical
double-ended severance of the xreactor coolant piping, or for any steam
system pipe break size up to and including the hypothetical severance of
the main steam line inside containment, without exceeding the
containment design pressure.

Steam bypass of the ice condenser during a postulated reactor
coolant system blowdown is to be avoided. The operating deck and any
other leakage paths between the lower and upper compartments are
reasonably sealed to limit bypass steam flow to a low value previously
approved during the design phase of the Donald C. Cook Nuclear Plant
containment design process. For the containment, the analysis
considered bypass area as composed of two parts -- a consexvatively
assumed leakage area around the various hatches in the operating deck,
and a known leakage area through the deck drainage holes for containment
spray, located at the bottom of the refueling canal.

Flow distribution to the ice condenser for any reactor coolant
system pipe rupture that opens the ice condenser lower inlet doors, up
to and including the hypothetical double-ended severance case, is
limited such that the maximum energy input into any section of the ice
condenser does not exceed its design capability. The door port flow
resistance and size provides for flow distribution for breaks that fully
open the inlet doors. For breaks that only partially open the inlet
doors to the ice condenser, the lower inlet doors act to proportion flow
into the ice bed to limit maldistribution effects.




Analysis of the ice condenser reactor containment performance has
shown that the ice condenser alone is capable of preventing containment
overpressure during the initial blowdown of the reactor coolant system
oxr secondary side system within containment, such that containment spray
is not a requirement for overpressure protection. However, extremely
small blowdown rates would not generate a differential pressure
sufficient to open the ice condenser lower inlet doors. 1In this case,
the energy release (even at an assumed small rate) would eventually
require containment spray operation to prevent overpressure.

Anothex case has been examined where it is postulated that a Small
Break LOCA: (SBLOCA) precedes a larger break accident. The larger break
accident is assumed to occur before all of the coolant energy is
reléased by the SBLOCA (i.e., a double accident). During the SBLOCA
blowdown, some quantity of steam and air will bypass the ice condenser
and entexr the upper compartment via leakage through the operating deck.

The important design requirement for the case of the double accident is
that the amount of steam leakage into the upper compartment be limite§
during the SBLOCA phase of the double accident so that only a small
increase in final peak pressure results for the second part of the

double accident. 1In general, the resultant peak pressure will be a
function of both break sizes, the time between breaks, and the steam .
bypass during both phases of the double accident. The containment spray
system is used to limit the partial pressure of steam in the upper
compartment due to deck bypass. The key elements which detexmine the
double accident performance of the ice condenser are the lower inlet
doors, which open at low differential pressure to admit steam to the ice’
condenser and limit bypass flow of steam to the upper compartment, and
the containment sprays which condense the bypass flow of steam and limit
the partial pressure of steam in the upper compartment to a low value.
The containment spray set point actuation pressure has been set at 3
psig to limit steam partial pressure to less than 2 psia in the upper

" compartment for the double accident case.

After a LOCA, the ice condenser has sufficient remaining heat
absorption capacity such that, together with the containment spray
system, subsequent assumed heat loads are absorbed without exceeding the
containment ‘design pressure. The subsequent heat loads considered
include reactor core and .coolant system stored heat, residual heat,
substantial margin for an undefined additional energy release, and
consideration of steam generators as active heat sources.

The primary purpose of the containment spray system is to spray
cool water into the containment atmosphere in the event of a LOCA,
thereby ensuring that containment pressure cannot exceed the containment
design pressure. Protection is afforded for all pipe break sizes up to
and including the hypothetical instantaneous circumferential rupture of
a reactor coolant pipe. Adequate containment heat removal capability
for the ice condenser containment is provided by two separate full
capacity containment spray systems. The containment spray system is
designed based on the conservative assumption that the core residual
heat is continuously released to the containment as steam, eventually
melting all ice in the ice condenser. The heat removal capability of
each spray system is sized to keep the containment pressure below design
pressure after all the ice has melted and residual heat generated steam
continues to enter the containment.,




Additional information on the design and function of the Donald C.
Cook Nuclear Plant ice condenser containment can be found in the Final
Safety Analysis Report (FSAR). In particular, the FSAR provides a
copious amount of information on structural adequacy during seismic
events, containment integrity during postulated blowdowns of the primary

and secondary coolant systems, details regarding how containment
isolation is achieved during DBAs, etc.
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This attachment contains a copy of a user's manual for a computer
program entitled “SHL1GG". SHL1GG was programmed, debugged,
benchmarked, and utilized in the electric equipment environmental
qualification program foxr the Donald C. Cook Nuclear Plant Unit Nos. 1
and 2 by personnel of the American Electric Power Service Corporation.

The user's manual describes in detail the basic models which SHL1GG
uses in computing gamma and/or beta doses at an observer/detector
located inside a cylindrical source, outside a cylindrical source, or in
intervening shields (including an assumed pipe wall if a pipe containing
recirculating sump £luid in the recirculation phase of a LOCA is the
assumed cylindrical source). In general, SHL1GG may be used for
applications in which the dose rate at an observer is desired and the
geometry of the source is other than a cylinder. More specifically, for
the case of equipment radiation qualification calculations, the
subcompartments of the ice condenser containment were modeled as
cylindrical sources within which equipment (i.e., observer/detector) was
located. Selections for subcompartment cyclindrical model dimensions
(e.g., length or height and radius of an equivalent cylinder for each
subcompartment) are described in more detail in Attachment 3 to this
letter.

Although the user's manual correctly describes the SHL1GG program
in use today, we have made minor modifications to the actual coding
since the time the user's manual was issued. In particular, a
calculational- error was discovered in late 1982 with regarxrd to the
utilization of a Simpson's Rule ‘approximation for the evaluation of the
Sievert Integral (a factor in the dose rate equation). This has been
corrected and taken into account in computing the beta attenuation
factors presented in Attachment 3 to this submittal. The specified
doses for equipment inside -containment, as given in Attachment 3 to this
submittal, are therefore slightly different than those presented in
Attachments 4 and 5 to our letter No. AEP:NRC:0578B, dated June 11,
1982,

Furthexrmore, as noted in Attachment 4 to this letter, SHL1GG was
not used in computing radiation doses for equipmént,items outside
containment. Rather, a computer code entitled "NSLSHL3" was used in
those calculations. NSLSHL3 is, in effect, an earlier version of
SHL1GG, and thus utilized much of the same methodology. We note,
however, that review of the earlier work on equipment outside
containment has indicated that some of the NSLSHL3 output was
misinterpreted in computing radiation doses (i.e., doses from a 14"
outside diameter pipe were used for some equipment items, rather than
the limiting doses from an 8.625" outside diameter pipe). The specified
doses for some equipment items outside containment, as given in
Attachment 4 to this submittal, are therefore higher than those
presented in Attachments 4 and 5 to our letter No. AEP:NRC:0578B, dated
June 11, 1982,

The radiation qualification doses for electric equipment important
to safety (both inside and outside containment) are undergoxng continual
review for the Donald C. Cook Nuclear Plant. .
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7 SHLIGG: A Shielding Code for Cylindrical Sources

0 I. Abstract
SHL1GG calculates dose rate and time integrated dose due to a cylin-
drical pipe containing a gamma and/or beta source. The source is distributed
in water, steam, a steam-water:mixture, or air. Gamma dose is calculated
inside the pipe, outside the pipe, or in the pipe wall. Beta dose is only

calculated inside the pipe; beta dose beyond the pipe wall inner surface is

expected to be small compared to the corresponding gamma dose.

, For beta dose inside the pipe, SHL1GG decides whe;her the source may
be treated as an infinite cloud for each beta particle. If'so, infinite cloud
results ére applied. If not, SHLIGG divides the source into a ﬁumbér of
prismatic elements. Each element is treated as a line source, and a dose
rate is calculated. The individual dose rates are summed to produce a total

0 dose rate for the entire source.. Beta and gamma doses are tabulated separately.

For gammas, buildup in the source, pipe wall, shield, and surrounding

i

air is accounted for.

[}
II. Introduction

SHL1GG 1s a FORTRAN IV computer program for calculating dose rate due
to a cylindrical pipe containing a gamma and/or beta source. The source is
distributed in water, steam, a steam-water mixtufe, or air. Gamma dose is
calculated inside the pipe, outside the pipe, or in the pipe wall. Beta dose
is only calculated inside the pipe; beta dose beyond the pipe wall inner

surface is expected to be small compared to corresponding gamma dose.




- -

‘ For gamma dose“oﬁtside;the pipe, a number of shields may be present
betwee; the source and observer. The shields must-be parallel to the cylinder
axis and perpendicular to the perpendicular line joining the observer and
this axis.: The shields must’be large enough that the observer is fully

shielded (ie., a line drawn from an arbitrary source poiﬁt to the observer
must pass through the shields):

In all cases, self-shielding of the source is considered. Shielding
due to the pipe wall is considered where appropriate. Buildup of gamma flux
in the source, and, if appropriate, in the pipe wall, shields, and surrounding

air is accounted for using a Taylor buildup factor (Reference 3, p. 415).

For beta dose inside the pipe, SHL1GG decides whether the source may
be treated as an infinite cloud. This decision is made for each individual
beta source. If so, a dose for that particular beta is immediately calculated
using infinite cloud formulation. If not, the source is divided into
prismatic elements. Each element has sectors of two concentric cylinders and
two radial planes fprming its boundaries. The division is done uniformly;
the user specifies the number of radial divisions and the number of angular
divisions. Each prismatic element is treated as a line source. Gamma dose
rates are calculated for individual elements for each energy and summed to
obtain total gamma dose rate. Beta-.dose rate is calculated, where appropriate
(ie., when dose inside the pipe is desired and the source may not be’treated
as an infinite cloud), in a similar manner for individual beta particles and
summed (each beta particle has a given energy probability density, maximum
energy, and average energy). Formulation for beta attenuation analogous to
that for gamma attenuation is used as described in Reference 1. For both
beta and gamma doses relaxation length is based on that portion of the per-
pendicular distance from the particular prismatic element to the observer

passing through each material.
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Dose rate is initially obtained at time zero. ‘Dose:.rate at any later
time step is obtained by decaying the‘dose rate due to each isotope at the
previous time step b& the amount the respective isotope decays in the time
interval. In ‘addition, time integratedndose is calculated at each time step.
A simple exponential decay is assumed; dose due to product isotopes is
neglected. According to Reference 2; this effect may be accounted for by
multiplying the above doses by 1.3. Additional work has shown that this factor

is valid for gamma dose, But not necessarily for beta dose (Reference 13).

II1. Model
A. Geometry

The éeometry for the observer/detector point inside the pipe,
inside the pipe wall, and outside the pipe is shown in Figures 1 to 3’

respectively. For-the case of the observer/detector outside the pipe, shields
may be present and are perpendicular to 1ine CO. A1l remaining space outside
;he pipe is assumed to be filled with air.

The jth prismatic element is shown, at location (Rj,ej). For a

single beta or gamma energy Ek assume this prismatic element has a line

intensity sL,jk (in Ci/cm). From Reference 3, p. 348, the dose rate Djk

due to this element and energy is:

Dy = By (DF), - Zoik. . K
47 a;

fF(azj, bjk>~ F( e[j>bjg>] | (1)

where K is a conversion factor equal to 3.7 x 1010 dis/ci-sec and:

b
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bjk = dimensionless distance from element j to observer, for energy
EE, expressed as a multiple of re]axat{on length in the various
regions. !
Bjk = bu%ldup factor for'energy-Ek and dimensionless distance bjk'
(DF)k = dose conversion factor at energy Ek in Rem-cmé-sec/hr for gammas,
. and Rad—cmzsec/ﬁr for betas. "
- & _ ec o'
Flow) = [ amb® de’ .

The dimensionless distance Bjk is given by

b = Msk O (22)
observer inside pipe
bk = Ms,k C5 + M,y d; (20)
: observer inside pipe wall

b. = .

3k M,k Cj + /ar,kdj + /Mai?‘)Kdah’ ()

N | observer outside pipe (with
+ Z—:- Hikt, secd N shields)

where: A%%k= linear attenuation coefficient of shield i at energy Ek in

cm']

/(/{S)K) ,MBK)//{“-,,)k= linear attenuation coefficients of source, pipe,
and surrounding air respectively, at energy Ek‘

d = distance traveled through surrounding air for observer outside

air,j
pipe v N
=Q5"Cj—clj*‘2t‘zse_cej

<=t
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0 The solution (xy Yy) is

- l ] -

* 3
Remaining quantities are defined in Figures 1-3.
If Ro’ Ri» Lo’ ROBS’ L0i3$’ RJ., and QJ- are given, then aj, cj, dJ.,

QU, sz‘and ¢j may be ca?cu]ated. In all cases, aj, 9”, and sz

are given by:

Y. ‘
a; = ( RJZ + R;BS -2 RjROBS Cos Q,—) )
st Lo—L
Gz_,' = tan" =2 ajgss (4)
6, =tan-l[—f‘_°_3_£’.] - (5)
Y aj :

Note that Lygc >0 measured along the cylinder, and LOBS< 0
measured antiparallel to the cylinder (see Figures 1-3). Then Q]j, sz >0
measured clockwise, and G]j, sz £ 0 measured counter clockwise, as required

(see Figures 1-3).

c5 is obtained by reference to Figure 4. The coordinates of E are

(Rj cos 9j; kj Sin ej)' The. coordinates of H are given by the solution to
: L2
X +ym=R; (6a)
Ry sin &;
Rjces 6~ Rops

IV

= v (x—Rops )
where Rj Sin 8 (6¢c)
m —_ . e .
£} cos 6 — Rogs

(‘X—- fQoBS) (6b)

__m*RoBs TR {14 nt)— m Ros (7a)
Xy = [+ m? '

'

Y = Ed RiE = X"

(7b)
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In (7a), the positive sign is chosen, as the larger yalue of Xy s
required (ie., the value corresponding to-H, and not H', in Figure 4). In
(7b), the positive sign is chiosen for 0 _4_93.5 YT, and the negative sign is

chosen for JI" £ st 27 . Then C is given by

!
¢;= L (xy—Rj cos &) + (yy— Rjsin ejﬂ/" (8).

To calculate d;, the quantity c. + dJ- is obtained by replacing Ri

J’ J
by R0 in Figure 4 and equations (6) - (8). Knowing c; and C; + dj, dj
is obtained.
To obtain ¢j, it 1s seen from Figure 4
R; sin 8 = o sin @, - (o)
. . R . (9b)
Sin ¢J = —q:‘ Sin 8_)
|}
g . . 2.] Yz
Cos ?/ = [/ — (’a'; Sin 9J> (9c)
‘ Ry . Ve (9d).
Sec ¢ = [l - (‘aj" Sin Q,')z]

B. Gamma Dose
Gamma dose is calculated for each gamma energy in accordance with
equation (1). Linear attenuation coefficients for various materials as a

function of energy are given in Reference 4, p. 82.

—







where:

Bs,jlf- — buildup factor in source

I

A, e

Av

A

nz‘lf,gc.’) + (l ——Ak>e

@K "(s,K CJ

eO(KA‘)KQJ o+ (‘_Ak) e g/as’}( 0&:)

BP jK =——  buildup factor in pipe wall
>

Gm—
awamas

Ax

63?(

d.
k Upyk 9) "“(/"AK)e

B rpy i d;

"(10a)

outside pipe

(10b)

inside pipe wall
(10c)

inside pipe .

(11a)

" observer outside

pipe or inside

pipe wall

(11b)

observer inside pipe

(11¢)

- observer inside pipe

wall or outside pipe




» - lb’

’ @

EB" — buildup factor in shield i
AJK

A Mixt s s ee ¢, B Mot sec & (11d) -
=f, e T S+ (-a0) e " “

observer outside
pipe, and shields

are present.

Ak’°<k’ and Qk’ for various materials as functions of energy, are
given in Reference 3, pp. 416-423.

Bair is approximated as 1.05 (this may be verified to be conservative
for most proB]ems of interest using Reference 4, p. 527). For steam, B

is also taken to be 1.05. ‘For steam-water mixtures, B is calculated for
steam and for water and is weighted by quality.

Dose conversion factor as a function of energy is given in Reference 3,
p.19 (final dose is in R/hr). Curve fits to this figure for various energy
ranges are used in SHL1GG.
C. Beta Dose

Beta dose is calculated inside the pipe only; beta dose beyond the pipe
wall inner surface is expected to be small compared to corresponding gamma
dose.

Beta dose calculation may be formulated analogously to gamma dose cal-
culation (Reference 1, pp. 625-629). This is due to the particular analytical
forms of beta spectra apd electron scattering and absorption cross sections.

Beta dose is calculated as in equation (1). Linear attenuation co-

efficient is (Reference 1, p. 628)
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M 7 T )
¢ Erm

where E_ . is the maximum possible energy for the given beta particle, and

eis the material density. Average Beta energy (for a given beta particle)

is approximated as one-third maximum beta energy (Reference 1, p. 540). Then

4,859
'—“/é(' = E l|4 (13)
av

In this formualtion, there is no buildup of beta flux. Buildup factor in

equation (1) is ignored. . X

Dose conversion factor is given by

(DF)K =<‘%) E, | (14)

where A for beta attenuation is evaluated using (13) with average energy Ek'
4

This is conservative, as this -’%- is for total attenuation (absorption plus

scattering); actually only ’—g for absorption should be used. ﬁe for absorption

is not available. To obtain beta dose in Rads/hr

- 2 /e -b
(DF), = % E, [Hosen] [ Leonxiot ers ]

! Rad ] 3600 'sec]
loo @&rg/a | hr

2
_ _5 M Rad-cm*~ sec
= 5.767 RSO e Ek }'n" (15)
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‘For a given beta average energy, if infinite cloud assumptions apply,

dose is given by (Reference 5)

s (16)
DK)Q“Y“—— 0'457 EK SV)e
instead of equation (1).
In equation (16),
Dk,air = air dose rate in Rads/sec
Ek = beta particle average energy in MeV
Sv 1 = activity concentration in CT/m3
?
For an arbitrary infinite cloud source medium
- Paiv
DK - Dk>air (17)

(s

where{ ,
Qaip = density of air = 1.293 x 10-3 g/cm

at standard conditions (Reference 3, p. 19)
3

density of source in g/cm

Os

[ZC = dose in source in Rads/sec.

Inserting ésir and altering the units so that Dk is in Rads/hr and Sv 1 is

in Ci/cm3 produces

ExS
De=2.127 % /o" _f_@_v,_?_,_ RaJs/Ar (18)

The source may be treated as an infinite cloud for a particular beta energy
if all beta particles of that energy produced at the observer point are effectively

absorbed in the source. Relative to the observer, the source looks like an
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infinite medium. The infinite cloud model as used here has meaning only for

the observer point inside the source.

The criterion for treating the source as an infinite cloud is that a
beam of beta particles of the respective average energy emitted at the
observer point must be rediced to 1% of 1its initial intensity over the
shortest distance between the observer and the pipe wall. In this case con-

tributions to the beta dose at the observer point due to source points

beyond this distance are negligible.

The shortest distance between the observer and the pipe wall is

RTS= R," — ROBS (19)

Then the above criterion may be stated

exp [—us (rTS) 1 < 0.0 (20

where‘AQg = linear attenuation coefficient for betas as given in

equation (13). This gives

4. 605 (21)
RTS =z —;

When (21) is satisfied, the source may be treated as an infinite cloud for

betas of the particular energy, and (18) may be used.

D. Source Strength

The line intensity in equation (1) is obtained from

Sujk = Syefe AA !

-
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where:
Sv 1 ° activity density of ‘isotope 1 (in Ci/cm3)
f]k = fraction of activity of isotope 1 comprising gamma
energy or average beta energy Ek
AJ- = cross-sectional area of element j = RJ-ARAQ

Activity density is obtained from

€5”r,| 4?|
fg)\{>e'-_- V

(23)

Qhere:
S¢.q = total activity of isotope 1 (in Ci)
f1 = fraction of this total activity released
v = volume into which this activity is released.

Equation (1) is summed over elements (j) and energies (k) to get total
dose rate. MNote that in the output, those values labeled activities :(both
activities for each isotope and total activity for all isotopes) do not
incorporate the fractions f]. Those values labeled activity concentrations

do incorporate the fractions fl'

E. Decay of Isotopes and Integrated Dose

Simple exponential decay is assumed; dose due to product isotope is
neglected. According to Reference 2, this effect may be accounfed for by
multiplying the obtained doses by 1.3. It is shown in Reference 13 that

this is valid for gamma dose, but not necessarily for beta dose.




srav o=

For each isotope, a decay constant must be input. Activity, activity
concentration, gamma dose for a given energy, and beta' dose for given energy

at time t +At are obtained from corresponding quantities at time t via

X(t+at)=X)e " at, (24)

where ¢ is the decay constant, and X is any of the above four quantities.

Integrated beta or gamma dose for a given energy at time t +At is obtained

from

Yierat)= Y+ £ xte) e g
=Y + X () LD/ - &)

(25)

where Y is integrated dose and X is dose rate for the respective gamma or

beta energy.

IV. Code Description and Options

SHL1GG consists of a main program and the ]1’subroutfnes PD1, PD2, PD3,
DSR, F, GXP, 'BLDPF, ABSRP, SNTP, BLDUP, and DRV (in addition, there is a
block data subroutine that initializes common block B?; this block is common
to MAIN, PD1, PD2 and PD3). The main program reads and prints input, calcu-
lates decay of isotopes and dose rates over time, calculates integrated dose,
and summarizes individual and total doses at each time by energy or isotope
as desired by the user.

PD1 calculates gamma dose rate ouéside the pipe or inside the pipe
wall at time zero for each gamma energy. PD2 calculates gamma dose rate in-

side the pipe at time zero for each gamma energy. PD3 calculates beta dose

" rate inside the pipe at time zero for each beta average energy. ODSR{EN)
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evaluates gamma dose conversion factor for energy EN, For this calcula-

tion, curve fits to various portions of Figure 2,1, of Reference 3 are
used. F(THETA,B) evaluates the Sievert integral function F(6,b).

BLDPF (MATN,EO,Y, YL,YT) and BLDUP(MATN,B,Y,YL,YT,X) calculate buildup
factor for material"MATN, dimensionless length B, energy EO and quality X
(in the case of steam-water mixtures). Y, YL, and YT are the quantities
Ak,c(k, and Bk respectfve1& in equation (11); these depend only on energy
(and not on B). The calculation of buildup factor is divided into a por-
tion which depends only on ene}gy (BLDPF) and a portion which

depends pn distance traveled and energy (BﬂDUP). Execution

time 'is reduced by callina BLDPF only once for each gammé

energy. This portion of_the calculation need not be done for each source
element. BLDUP must be called once for each gamma energy and source element.

ABSRP(MATN,EQ) evaluates gamma (Léf) i for material MATN and energy EOQ.
. to

0 DRV(AIS,DTT,NI‘SOT,FCTD) evaluates fractions by which istotpes decay over

the given time step (ie., evaluates e{"7~5 ot ,i=1,2, ..., NISOT),
where

DTT = time step size

AIS = array containing isotope information

A1S(8,J) = ?\J = decay constant for isotope J

NISOT = number of isotopes

A %DTT
FCTD(J) = e'>‘3 b (J = 1,NISOT)

SNTP(X,ARG,VAL,Y,NDIM) does linear interpolation. ARG(NDIM) and VAL(NDIM)
are arrays of the independent and dependent variable respectively. X is the
argument for which the output Y is desired. Y is obtained by linear inter-
polation. GXP evaluates the function éa—(b/cos d? If 75?;‘7: is large

Oenough to cause an underflow, GXP is set to zero.
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' The source; pipe, and shield materials are limited to water, air,
iron (represents all steels); concrete, and lead. Water includes steém and
steam-water mixtures; QUalfty must be input (steam, x = 1; water, x = 03
steam-water mixture, Q< x< 11; When dose outside fhe pipe is calculated,
Fhe pipe is assumed to be surroﬁnded by afr (except at shield locations).

This air need not have the same density as a possible air source material.

At each time step, the code will print out dose rate and cumulative
dose for each individual beta average energy and gamma energy, totals for
each isotope, or totals for all isotopes. A different option may be in
effect-in each print interval. A print interval is defined as a period of
time with constant time step size and print option. There may be many print
intervals, each with its own‘time step size and print option. At each time
step, total activity and activity concentration, total dose rate andwintegrated
dose, and ratio of activity concentration to dose rate are aiways printed.
Beta and gamma doses dre always printed spearately, as gamma doses are given
in R/HR and beté doses are given in RADS/HR. When dose is calculated inside

the pipe, the user may specify beta dose is to be evaluated. Beta dose is

calculated inside the pipe only.

The code may be run under two options. With one option a single.case
is run, while with the other option a number of cases are run. A case is
defined as a single problem with a specified set of physical and, geometrical
parameters. For the former option, any number of sHie]ds may be present.
For the latter option, a single shield is present, and the shield thickness
is incremented by a given amount for each case. The initial thickness may
be zero (if no shield is present in the first case). In all cases, the user
must insure that the shield is thin enough to fit between the pipe and the
observer (if not, an error message is printed out and execution stops).

A1l calculations are done in double precision.
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V.

-

,Input Description

A.

Input Requirements:-'

1)

2)

3)

4)

5)

Card 1 (2 cards)’ (10A8)

These cards contain information identifying the source
reference of Beta and gamma energies.and decay fractions.

This information is printed.

Card 2 (F10.5)

SYSVOM

SYSVOM = system volume in cm3

Card 3 (2A8)

SCMAT, PIPMAT

SCMAT = source material name

PIPMAT = pipe material name

Names are limited to:

WATER (includes steam-water mixture), IRON, CONCRETE, AIR, and
must be left justified. Any other input will produce an error
message, and execution will stop.

Card 4 (3F10.5)

RO, RI, LO | ,

RO
RI
Lo
Card 5 (2I5)
NISOT, BTOPT

pipe outer radius (cm)

pipe inner radius (cm)

pipe length (cm)

number of isotopes comprising source (maximum of 100)

NISOT
BTOPT

beta option parameter

1 calculate beta dose
O don't calculate beta dose

S
L=
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' .6) Card 5 (NISOT Cards)
0 Each. Card:
1) Isotope name, activity (Ci) (total activity for
this. isotopé), number of different gamma energies
emitted, fraction of total activity of this isotope
released into volume SYSVOM, decay constant (sec™1),
number of different average beta energies emitted - A8,
F12.3, I5, 2F12.3, I5.
Isotope name is a character string identifying the isotope;
it should be left justified.
1i] Gamma energy (MeV), fraction of gammas emitted with this
energy, gamma energy, fraction of gammas émitted with this
energy, ... 8F10.3. There are as many entries as different
gamma energies for tﬁfs isotope; .information should be
0 continued onto as many cards as required. The total number
of gamma energies for all isotopes must be less than or
equal to 1000.
i1i) Beta average energy (MeV), fraction of betas emitted with
this average energy, beta average energy, fraction ... 8F10.3.
There are as many entries as different beta energies for
this isotope; information should be continued onto as many
cards as required. The total number of beta energieé for
all isotopes must be less, than 6r equal to 500.
7) Card 7 (215)
NSHLD, SHLDOP

NSHLD = number of shields {20 maximum; may be zero)




8)

9)

10)

1)

- 25 -

SHLDOP = shield option

SHLDOP = O 1 case, possibly many shields

SHLDOP = 1 possibly many cases,'].shield.
For this option, NSHLD must be 1.

Card 8 - NSHLD cards (A8,2F10.3)

Included only if NSHLD> 0

Shield material name, shield thickness (cm), shield density
(g/cm3)

Shield material name must be chosen from the names given in
Card Set 1 description, and must:-be left justified. If

SHLDO? = 1, shield thickness is the initial thickness (case 1).
Card 9 - (15, F10.3]

Included only if SHLDOP = 1

NOPT, SINC

NOPT = number of cases

SINC = shield thickness increment (cm)

Card 10 (4F10.3)

SCDEN, X, PIPDEN, AIRDEN

SCDEN = source material density (g/cm3)

X = source quality (ignored unless source is water; 0<% < o)
PIPDEN = pipe material density (g/cm3)

AIRDEN = density of air surrounding pipe (g/cm3)

Note that quality is specified only for the source.

If water is used as a shield, it must be liquid.
Card 11 -~ (215) ° .
NRAD, NANGL |

NRAD = number of radial divisions




12)

13)

- o -

NANGL = number’.of angular divisions
Card 12 - (2F10.3)
ROBS, LOBS

ROBS = perpendicular distance from source centerline to
obseryer” (cm)
LOBS = distance along source from one end of source to

observer (cm). LOBS may benmeasured from either end of
ythe source, as the entire system is symmetric with respect
to the source midplane. LOBS>0 indicates LOBS is
measured parallel to the source, while LOBS< 0 indicates
LOBS i's measured antiparrallel to the source (see

Figures 1-3).

Card 13 - NPRNT+1 cards
i) NPRNT IS
NPRNT = number of print intervals (20 maximum)
i7), NPRNT cards, one for each print interval - giving endtime
for each print interval (sec), number of
steps in each print interval, print option ‘

F10.3, 2I5

0 print doses for each energy

Print Option =<. 1 print only totals
2 print totals for each isotope
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B. Criteria for Choosing NRAD and NANGL

NRAD and NANGL must be chosen such that, for the lowest energy
gamma and beta, there is not appreciable attenuation over the extent of
any element. This is because each element is treated as a line source
concentrated at the element center and shielded by the element source
material. If there is appreciable attenuat%on, lumping will cause'radi-*

ation from portions of the element closest to the observer to be attenuated

more than it should be. Resulting doses calculated will be non-conservative.

The largest elements will be at the periphery. They will be of

extent
AR = %AD (262)
' 27 B2 '
AS=L; A8 = 5 NaL (26b)

where: As = arc length subtended by element mid-section and other

quantities are defined in Figures 1-3. For attenuation to be small over

the extent of an element

Aynayx D K <« | (27a)

Aoy DS << ] (27b)

where: /ymax is the largest attenuation coefficient, corresponding to the

smallest gamma and/or beta energy. Substituting (26) into (27) gives

s
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NRAD >> b, | ()

NANGL >> 277 bpay  (280)
where b = R, 4

max 1/ ‘max

When beta doses are calcu]ated,,l/max for betas will generally
be the controlling factor, bécause beta attenuation is much greater than
gamma attenuation. However, i; many cases beta attenuation will be so
large that infinite cloud results will apply; then gamma attentuation will
be the coﬁtro]]ing factor. The user should choose NRAD and NANGL based

on (28) and the particular béta and gamma energies input. It is sufficient

that the inequa]ities be satisfied by a factor of 10.

It is also necessary that the element size be small compared to
the distance from the element to the observer. This requirement is significant

when an observer is close to a large source.

As an example, assume a water source and 0.1 MeV smallest energy
gamma. This is the lowest gamma energy the code will distinguish; ﬁ? is
taken as a constant equal to %% at 0.1 MeV (=0.167 cm-]) for lower engeries.
This is conservative. Assume beta dose is not calculated. Then -

Aoy, = 0.167 !
bmax = 0,167 R;
where R, is in cm. Therefore

NRAD >> 0.167 R. “ ,

NANGL > 1.05”Ri

—
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While satisfying (28) is sufficient for calculated doses to be
conservative, it is not necessary. In particular, for the observer at

the center of the pipe, NANGL can be 1 with no loss of accuracy, due to

symmetry. For the observer slightly off center, (28b) need not be satisfied.
For doses outside the pipe or in the pipe wall, (28a) and (28b) should both

be satisfied.

C. Typical Densities

Typical densities for the various source, pipe, and shield materials

are
Water (x=o0) 1.0 g/cm3
Air 1.293 x1073 g/cm®
Iron ' 7.83_g/cm3
Lead 11.3 g/cm3

VI. Required JCL

SHL1GG source is stored in member SHL1GG of library SRCENSL.
To run SHL1GG, the fo]]owiné JCL may be used:
J0B CARD
//STEP1 EXEC SRCE,LIB=NSL
//SRCE.DATA DD *
=M NSLKCHR

VARIOUS =R, =D,=A CARDS
AND NEW DATA
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/*
//STEP2 EXEC SSFLG,C=C,SRC=NSL
//GQ.SRCE DD *

=M SHL1GG
/*
//FTO5F001 DD DSN=*.STEP1.SRCE.SYSUT2,DISP=(@LD,DELETE)
/]
Note: P = letter O
0 = zero

The member NSLKCHR contains SHL1GG input. A listing of this
member is attached as Run 11. The isotopesiand activities are taken
from Reference 10, Table 5-29, and Reference 11, Appendix A, Table A.2-1.
For Reference 10 activities, a U mass of 8.86x104 Kg is used (see Section
VIII and Reference 11, Chapter 3 (Unit 1), Table 3.2.3-1). In cases where
the two references conflict, Reference 10 activities are used. Decay con-

stants, gamma and beta energies, and fractions of total isotope activity

comprising each energy are given in Reference 12 (this is indicated in

the first two input lines). It is assumed that 100% of the noble gases,

50% of the iodines, and 1% of the particulates are released into volume

SYSVOM.

These items constitute the bulk of the input. With the exception
of the fractional releases, these items generally do not change ffom run to
run. Remaining input items (lines 100-600 and 37200-37700 of NSLKCHR) must
be input by the user for the desired case(s). This may be accomplished by

modifying NSLKCHR as necessary via =R, =A, and =D cards.
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Nuhpet| PAFAMETELS
1) Dos& MO 5mgws{”5”“’=° | R ORS =0.
INSIDE SitLDoP =o NEAP =90
" PIPE BETA pPosS€ CALCYLATEP NANGL =1
BTePT =/ Pops =0,
PRINT opTioN = O Z NRAD = /oo,
NAaNég] = I
p FoBs=o,
3 NerAp =S
NANG L=
No sSHIELDS Y NSHD =0
SHLpop=0 fops b,
PETA po<E caLcutATED £7L NRAD =40
EToPT = NANGL=|
PlInT _ _pPT (oM = |
NO SHIELPS YNSHLD =0
SHLpop=o Fops =o.
BETA posE <Accuan 5 NRAD =90
ETopT =/ Naw &L =
PRINT QP10 =2
2) DosE NSHLD =2 POBS=22.960 cm
ouys| PE SHLPoP =6 A =9.039
PIPE BTOPT=0 NRAD =&
FEINT oPT(or =0 NANGL =
@ oo=e NS =) poBS= lbdto cm
OUTSIDE | SHLDop = I =06.677 IN
PIPE NUMBEPL oF crases=2| | |NEAD=S ;
PTorPT =0 NAN &L =
PEINT 0PT jop =0
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"VIII.' Benchmark Case

The beta and gamma dose rates inside a typical dry coﬁtainment
during the thirty day period following a LOCA are calculated by the code

and compared with independently obtained results summarized in Reference

8, Appendix D (additional information is given in Reference 7, Appendix B.)

A reactor power of 3391 MWT is assumed. The containment volume

is 2.52 x ]06 ft3 = 7.136 x 10]0 cm3 (Reference 7, p. B-2). The containment

is modeled as an equivalent cylinder with height equal to inner diameter

(Reference 8, p. D-7). This gives an inner radius of 2248 cm and a -height

of 4496 cm. A1l remaining dimensions are taken from Figure A-2 of Reference

9. The containment is assumed to be filled with air of density 1.293 x 10'3

9/cm3.

The analysis in References 7 and 8 assumes the only fission
products present are noble gases and iodines. Both references assume that
100% of the noble gases and 25% of the iodines are released into the con-
tainment. Total activities are given in Reference.lo, Table 5-29, and
Reference 11, Appendix A, Table A.2-1. In cases where the two references
conflict, Reference 10 activities:are used. For Reference 10 activities,
a U mass of 8.86 x 104 Kg is assumed. This roughly corresponds to a UO2
mass of 216,600 1bm (Reference 11, Chapter 3 (Unit 1), Table 3.2.3-1).
Decay constants are given in Reference 12. Gamma and beta energies, and

fractions of total isotope activity comprising each energy are given in

Reference 12.

— = Smeas
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! The source is divided into 5 radial division and 18 angular
divisions. This may be sbown to satisfy the criteria of section V.B. for
an air source, the maximum attenuation coefficient used by the code is
bu/e%nax = 0.151 cmz/g (see SUBROUTINE ABSRP listing). Then

2
_ cm -3 ‘
bpax = (0-151 =5-) (1.293 x 10 —3-)(2248 cm) = 0.4389
cm

2 77'bmax = 2. 7.,58

Therefore, (28a) and (28b) are satisfied.

Dose.is calculated at one hour intervals for. one day, and then
at one day intervals up to thirty days. Print option 2 (totals for each

isotope) is used. A1l input is summarized in run 8.

L

Reference 8 accounts for iodine removal by plate-out. In
addition, Reference 8 may not use the same initial source strengths as

are input to the code. Therefore, iodine and noble gas doses calculated

by the code are scaled by‘fllﬂgﬁ;g and ANG REF.8

R
T,CODE *uG, coe

respectively,

where,

AI,REF.B . iodine activity used in Reference 8

ANG,REF.8= noble gas activity used in Reference 8
AI,CODE = jodine activity used by code
ANG,CODE = noble gas activity used by code.

2 m——
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A1l activities are evaluated at the time step:in question, and must be

expressed in units such that the above ratios are dimensionless. A

must account for 25% of total iodine activity.

Scaled code results and Réference 8 results are compared in
Tables 3 and 4. With the exception of the beta dose rate at t=0 and
€ =720 hrs (30 days), scaled code results are-higher than Reference 8 re-
sults. Beta doses agree reasonably well; discrepancies are most likely

due to discrepancies in input beta energies and decay fractions. Gamma

doses agree:well-up to .24 hours. Discrepancies are most likely due to
discrepancies in input gamma energies and decay fractions, and conserva-

tive approximations in the code calculation of gamma dose.

I,CODE

W T p—————————————— %=

- e




Time

(4R)

24
96

720

lActivitj.es from Run 8.

Dose rates from Run 8.

Dose rates scaled using Reference 8 activities from Table D-2, Columns 2 and 6.

Sum of Columns 6 and 7.

TABL;

COMPARISON OF SCALED CODE RESULTS AND REFERENCE 8 RESULTS - GAMMA DOSE

To BE
COMPARED
-
Scaied Scaled
Jodine Noble Gas Iodine Noble Gas Iodine Noble Gas Total Scaled Reference 8
Concentration Concentration Dose Rate2 Dose Rate2 Dose Rate3 Dose Rate Dose Rat:e4 Dose Rates
(208ci) (20%¢ci) (105R/HR) {10°R/HR) (10°R/HR) (L09R/HR) (L05R/HR) (LOSR/HRY
2.06 5.31 8.95 8.40 19.9 20.72 40.62 37.9
1.61 4.41 6.05 5.95 0.63 8.65 9.28 8.1
- 0.83 2.70 1.86 1.51 0.13 2.02 2.15 1.82
0.477 - 2.023 0.77 0.54 0.048 k 0.622 0.670 0.399
0.193 1.239 0.221 0.296 0.013 0.317 0.330 0.100
0.0184 0.0456 0.01971 0.00887 0.00114 0.01169 0.01283 . 0.00395

Iodine activities multiplied by 0.25,

Dose rates from Reference 8, Table D-5, Column 2. Dose rates are reduced by a factor of 1.3 for
comparison with code rxesults (see Referxence 8, p. D-7).
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COMPARISON OF SCALED CODE RESULTS AND REFERENCE 8 RESULTS - BETA DOSE To BE -
COMPARED
Scaled Scaled
] Iodine Noble Gas Iodine Noble Gas Iodine ‘Noble Gas Total Scaled Reference 8
Time Concengration Concentration Dose Rate Dose Rate2 Dose Rate Dose Rate Dose Rate4 Dose Rate
(HR) (108ci) {108¢i) (105R/HR) (10°R/HR) (10°R/HR) (10°R/HR) (10°R/HR) (10°R/HR)
0 2.06 5.31 20.79 43.09 46.23 106.3 152.53 182.5
1 l.61 4.4) 15.08 30.54 1.57 44 .40 46.0 25.9
8 0.83 2.70 6.42 8.60 0.45 11.50 11.95 1l.8
24 0.477 2.023 3.28 4.68 0.204 - '5.39 5.59 5.44
96 0.193 1.293 “0.909 2.714 0.053 2.907 2.96 2.40
720 0.0184 0.0456 0.07678 0.08565 0.0044 0.1117 0.11610 0.146

_Lg-

lActivities from Run 8. Iodine activities multiplied by 0.25.

"2pose rates from Run 8.

gDose rates scaled using Reference 8 activities from Table D-2, Columns 2 and 6.

4Sum of Columns 6 and 7.

5Dose rates from Reference 8, Table D~6, Column 2. Dose rates are reduced by a factor of 1.3 -

for comparison with code results (see Referxence 8, p. D-7).
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, . Appendix A

Evaluation of F(8,b)

The Sievert Integral Function, F(9,b), is defined by

e

—bsec g’ '
F(e,b)—’—so e d e’ (A1)

In all applications hére,bzoand — T4 B4

This function is evaluated by the function subprogram F(THETA,B).

The following approximations are used: ,

L}

D b<l, 046260

Flo,b) = o e’ (A2)

This approximation is given in Reference 3, p. 408 for 0<5°,
However, examination of curves for F(0,b) (Reference 3, pp. 385-390) shows

that for b <1, this approximation is good for e up to 60°.

2) b<l, 60°< B<90°

T b '
F(e) b) &= - e '(A3)

This approximation is conservative for all (8,b) in this range.
F(0,b) is overestimated by as much as-50% for @ = 60° (Reference 3,

pp. 385-390).

) bzl, 0£6%sS

(a8)

e st . -3 Y, S






6]~

(Reference 3, p. 408)

9 b21, 5°<68<60°

For this range of (8,b) a Simpson's Rule approximation is used

with a step size equal to 0.0le (Reference 6, p. 212)
9 bxl, 60° £ 6<90°
~ [ _-b 2.
Fle,b) = ji5 € (I—- ?b) (A5)

(Reference 4, p. 439)

For8<o, the result F(-8,b) = F(8,b) is used (Reference 4, p.

439).







gra

Wt
-62-
‘D . Appendix B
_ Version SHL3

An earlier version of the code, SHL3, has been used in several
applications. This version differs from SHL1 in thaﬁ beta dose‘is
calculated based on an infinite cloud source regardless of the
cylinder size or beta energy. For small cylinders or high enexgies
this will be conservative. In addition, beté activity, energy, and
dose input and output formats for SHL1 and SHL3 differ.

Run 9 reproduces case 1, run 1l using SHL3. Comparison of runs
1 .and 9 shows that SHLl and SHL3 results fo; gamma dose are identical.

For beta dose (dose in water, run 9), run 9 is 0.3% larger. This

due to a constant in SUBROUTINE PD3 of SHL3 being 0.3% larger than
the corresponding constant in SHLl. This error is insignificant, and
doses inside a cylindrical source calculated by SHL3 are correct.
The purpose of this appendix is to verify SHL3 for previous

applications. SHL3 is not presently used.

mee e =
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Appendix C

Final Modifications of November 20, 1980

and ‘Decémber 16, 1980

Several modifications were made to the main program. These

changes relate to branching around certain DO loops.

An additional CONTINUE statement was added immediately fo]iowing
each respective DO loop. The branch around the loop was chahged to a branch
to this statement. Previously, the branch was to the DO loop terminal state-

ment. This can have adverse effects in IBM FORTRAN.

A1l changes are labeled 11/20/80 in the updated source listing

(run 10). Previous numerical results are unaffected.

Effective December 16, 1930, the source member name is changed

from NSLSHL1 to SHLIGG. This is accomplished by the attached run 12.

3
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ATTACHMENT 3 TO AEP:NRC:05781
DESCRIPTION OF CALCULATIONAL PROCEDURE

USED IN DETERMINING RADIATION DOSES TO

ELECTRIC EQUIPMENT INSIDE CONTAINMENT




Introduction

In order to calculate the total integrated dose to selected
electric equipment inside containment, the upper volume, lower volume,
fan/accumulator rooms, pipe tunnel, instrument room, and total free
volume were modeled into equivalent cylinders, based on volume
information obtained from the Donald C. Cook Nuclear Plant Final Safety
Analysis Report (FSAR), Appendix P. The computer program SHL1GG,
described in Attachment 2 to this submittal, was then used with an
appropriate source term to obtain the integrated doses and beta
attenuation factors of interest. These values were then applied to
equipment specific calculations, based upon required operating times'and
the actual shielding installed at the plant.

Volume Nodalization

For the overall containment, the total free volume's equiivalent
cylinder was determined to have a radius of 50.5 ft and a height of 145
ft (case 1l). Calculational results for this case are assumed to bound
those for the upper volume, which was determined to be eguivalent to a
cylinder 50.5 ft in radius with a height of 84.4 ft.

Three models were developed to describe the lower volume. First,
the annulus around the reactor cavity was treated as an equivalent
cylinder with a radius of 17 ft and a height of 162 ft, into which
airborne radiation is released (case 2). A second approach which was
deemed more likely to be conservative was to assume that the reactoxr
cavity volume is a part of the lower volume. This equivalent cylinder
had a radius of 41.5 £t and a height of 40 ft, into which airborne
radiation was released (case 3). The third approach involved taking
that portion of the lower volume which is expected to be submerged, and
modeling it into an equivalent cylinder with a radius of 41.5 ft and a
height of 18 £t (case 4).

'  With regard to the fan/accumulator rooms, they were modeled into
equivalent cylinders of radius 10.5 £t and height 79 £t (case 5). The
results obtained for these cylinders were assumed to bound those for the
instrument room , which was determined to be equivalent to a cylinder of
10.5 ft in.radius and 67 ft in height.

The pipe tunnel was described as an equivalent cylinder of 7.5.ft
in radius and 141 £t in height. Calculational results were obtained for
the pipe tunnel both as if the tunnel had been flooded (case 6) and as
if it had not been flooded (case 7). For the earliest stages of a DBA,
a source term in air or an air-steam mixture,may be a more realistic
assumption than that of instantaneous flooding.
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Source Terms And Calculational Results

Activities released into the containment for the assumed DBA were'
evaluated using values specified in Table 3-1. This Table lists
fifty-four (54) radioisotopes which have been identified as being
characterisitic of the Donald C. Cook Nuclear Plant core. This list was
compiled from two sources =-- the Donald C. Cook Nuclear Plant FSAR,
Appendix 1l4A, and the Westinghouse Standard Information Package,
W"Radiation Analysis Manual: Standard Plant Model 412," Revision 3,
dated November 1978.

Using Table 3-1, it was a simple task to calculate the activities
released into containment for the assumed DBA. Using NUREG-0588 as a
basis of reference, 100% of the core inventory of noble gases, 50% of
the core inventory of radioiodines, and 1% of the core inventory of
particulates was assumed to be relgased into the containment free volume
after flood-up (e.g., 1,157,408 £t). These activities are presented in
Table 3-2. For submerged components, 50% of the core inventory of
radioiodines and 1% of the core inventory of particulates was assumed to
be distributed into approximately 715,500 gallons of water (assuming a
maximum flood-up elevation of 614'). Halogen plate-out on containment
surfaces and.halogen removal by containment sprays and borated ice were
not assumed for conservatism.

In order to examine radiation attenuation in concrete, SH<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>