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INVESTIGATION OF ONE CONCEPT OF A THERMAL SHIELD
FOR THE ROOM HOUSING A MOLTEN-SALT BREEDER REACTOR

Abetract!

e s

The concrete providing the biological shield for a
250-Mw(e) molten-salt breeder reactor must be protected
from the gamma current within the reactor room. A con-
figuration of a laminated shielding wall proposed for
the reactor room was studied to determine (1) its abil-

ity to maintain the bulk temperature of the concrete

and the maximum temperature differential at levels be-
low the allowable maximums, (2) whether or not the con-
duction loss from the reactor room will be kept below a
given maximum value, (3) whether air is an acceptable
medium for cooling the wall, and (4) the length of time
that a loss of this coolant air flow can be sustained-
before the bulk temperature of the concrete exceeds the
maximum allowable temperature. Equations were developed
to study the heat transfer and shielding properties of
the proposed reactor room wall for various combinations
of lamination thicknesses. The proposed configuration
is acceptable for (1) an incident monoenergetic (1 Mev)
gamma current of 1 x 10*2 photons/cuPosee and (2) an -

~ insulation thickness of 5 in. or more. The best results
are obtained when most of the gamma-shield steel is
‘placed on the reactor side of the cooling channel.

W

£

‘1. INTRODUCTION

-

Thermal-energy molten-salt breeder reactors (MSBR) are being studied
to assess their economic and nuclear performance and to identify important
design problems. vOne design problem identified during the study made of
avconcepfualfIOOO-Mw(e)vMSBR'oower:plantl~Wae that- there will be a rather

" ‘intense gammea current in the room in which the molten-salt breeder reactor

is housed.. The concrete Wa11iproviding the biological shield around the

reactor room must be protected from,this intense gamma‘current to. limit

P - l1p. R, Kasten, E. S Bettis, and R. C. Robertson, "Design Studies of
\aj 1000-Mw(e) Molten-Salt Breeder Reactors," USAEC Report ORNL-3996, Oak
Ridge National Laboratory, August 1966.




gamma heating'in the concrete. Further, the concrete must be protected
from the high ambient temperature in ‘the reactor room. One possible
method of protecting the concrete is the application of layers of gamma
and thermal shielding and insulating materials on the reactor side of the
concrete. A proposed configuratioo of the layered-type wall for the

reactor room is illustrated in Fig. 1.

. ORNL D\lq G7-l2000
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‘Fig. 1. Proposed Configoretiod oereactor Room Wall. -

The study reported here was made to investigate this proposed con-
figuration of a reactor room wall for the modular concept® of a 1000-Mw(e)
MSBR power plant. This modular plant would have four separate and identi-
cal 250-Mw(e) reactors with their seperate salt circuits and heat-exchange
loops. This preliminary investigatdon was made to determine whether or
not the proposed configuration for the reactor room wall will.

1. maintain the bulk temperature of the concrete portion of the wall at
levels below 212°F, | ' 7 :
2. maintain the temperature differential in the concrete lamination at
_ less than 40°F (a fairly conservative value), and
3. maintain the conduction loss from & reactor room at 1 Mw or less.
This study was.also performed to determine whether or not air is a suit-
able medium for cooling the reactor room wall and to determine the length

of time over_which the loss of,this airAflow can be tolerated before the
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bulk temperature of the concrete lamination exceeds the maximum allowable

temperature of 212°F.
Analysis of the proposed configuration for the wall of the reactor

‘room was based'onfan>in§estigation of the heat transfer andlshieldihg -

properties of the composite wall shown in Fig. 1. Equations were devel-
oped that é0d1d é11owuthesé prbper;ieéfio be examined parametrically for

various'édﬁbinatiohsAof lamination matefialé and thicknesses in tﬁe wall.




2, SUMMARY -

Methods were devised to parametrically analyze~a composite plane wall
with internal heat generation produced by the attenuation of the _gamma
current from the reactor room. . Both steady state and transient conditions
were considered Thirty-one equations were derived and a computer pro-
gram was written to examine the heat transfer and shielding properties of
the proposed wall for various combinations of lamination materials and
thicknesses. Incident monoenergetic (1 Mev) gamma currents of 1 x 10*2
photons/ca? *sec through 3 x 102 photons/ci? *sec were examined. A finite
difference approach, with the differencing with respect to time, was
used in the transient-condition analysis to obtain a first approximation
of the amount of time that the proposed wall could sustain a loss of
coolant air flow. ,

The results of these studies indicate that the proposed configuration
of the laminated wall in the reactor room is acceptable for the cases
considered with an incident monoenergetic (1 Mev) gamma current of 1 x 10
photons/cof »sec and a firebrick insulation lamination of 5 in. or more.
Under these conditions, a total of approximately 4 in. of steel is suffi-
cient for gamma shielding. The best results are obtained when the thick-
nesses of the mild-steel gamma shields are arranged so that the major
portion of the steel is on the reactor side of the air channel. However,
the proposed configuration of the laminated wall for the reactor room
does not protect the concrete from excessive temperature when the incident
monoenergetic gamma current is 2 x 102 photons/en? - sec.

With an incident monoenergetic (1 Mev) gamma current of 1 x 102
photons/cof *sec, the proposed laminated wall will mesintain the temperature |
differential in the steel to within 10°F or less for all the cases studied.
The differential between the temperature of the steel-concrete interface
and the maximum temperature of the concrete is less than 15°F for all the
cases studied. The values of both of these temperature differentials are
well below a critical value.

Based on the assumption that the floor and ceiling of the reactor

room have the same laminated configuration as the walls, the proposed
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wall will allow the»Conduction'loss from the reactor room to be maintained
at a level below 1 Mw for an incident monoenergetic‘(l Mev) gamma current
of 1 x 10'2 photons/cu? -sec if the thickness of the firebrick insulation
lamination is 5 in. or more and if at least & in. of mild-steel gamma
shielding is inciuded. N '

With a coolant air channel width of 3 in. and an air velocity of
50 ft/sec, air is an acceptable medium for cooling the proposed reactor
room wall. If the ambient temperature of the reactor room remains at
approximately 1100°F and if the gamma current is maintained at 1 x 102
photons/cu? sec, the temperature of the concrete will remain below the
critical level (212°F) for approximately one hour after a loss of the
coolant air flow. If a zero incident gamma current is assumed the
"permissible" loss-of-coolant-air-flow time is greater than one hour but
less than two hours. 7 ' '

To determine whether or not a conduction loss of 1 Mw will permit
maintenance of the desired ambient temperature within the reactor room
without the addition of auxiliary cooling or heating systems, an overall
energy balance should be performed when sufficient information becomes

available. This balance should start with the fissioning process in the

 reactor and egtendaout through the wall of the reactor room to an outside

surface.




3. DEVELOPMENT OF ANALYTICAL METHODS

In the modularrconcept of aVIOdO-Mw(e)AhSBR power plant;1 the fourfﬂ
identical but separate 250-Mw(e) molten-salt breeder reactors would be
housed in four separate reactor rooms. One primary fuel-salt-to-coolant-
salt heat exchanger and one blanket-salt-to-coolant-salt heat exchanger
would also be housed in each reactor room along with the reactor. These'
items of equipment are to be located 11 ft from each other in the 52 ft-
long reactor room that is 22 ft wide and 48 ft high The reactor and the
primary fuel-salt-to-coolant-salt heat exchanger are resPonsible for the
gamma current in each of the reactor rooms. . The proposed configuration
of;the laminationsrdevised to protect the concrete from the gamma current
in the reactor room is shown in Fig. 2 with the corresponding terninology

used in the parametric studies made of thefcomposite'wall.

1P. R. Kasten, E. S. Bettis, and R. C. Robertson, "Design Studies of
1000-Mw(e) Molten-Salt Breeder Reactors," USAEC Report 0RNL-3996 Oak
Ridge National. Laboratory, August 1966.
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Fig. 2. Proposed Configuration of Reactor Room Wall With Corres-
ponding Terminology.
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In the direction from the interior of the reactor room out to the
outer surface of.;he wall (left to right in Fig, 2), the layers of mate-
rial comprisingrthe'wall'ére,a:Stainless stéel skin, firebrick insulation,
a mildfsteel,gamméjshield; an-air channel,,a,mild-steelfgamma:shield, and
the concrete biological shield.- The thicknesses of the firebrick insula-
tion and each of: the two mild-steel gamma shields are considered to be
the variable parameters in this study. The thickness of the stainless
steel skin is fixed at 1/16 in., the thickness of the concrete is either

8 ft for an exterior wallior 3 ft for an interior wall, and the width of

the air channel is fixed at 3 in.

- The temperature of the interior surface of the reactor room wall is

‘considered to be uniform over fhe’su:féce'and'constaht at 1100°F. The

temperature of the exterior surface of the wall is considered to be uni-
form over the surface and constant at 50°F for the 8-ft thickness of
concrete (the temperature of the earth for an exterior wall) or at 70OF

for the 3-ft thickness of concrete (the ambient temperature of an adjoin-

ing room within thé_faciiit& for an interior wall). The temperature of

the coolant air is assumed to be 100°F at the bottom (entrance) of the
air channel, and the velocity of the air is assumed to be 50 ft/sec.

Thé situation examinedrisibaéicaliy one involving a composite plane
wall with internal heat géﬁeration caused by the attenuation of the gamma
current from the reactor room. Two conditions were considered: the
steady-state condition aqd‘the‘transient condition. The steady-state
condition was‘consiééyéq:fifst,éﬁ&ithe transient'conditibh;was considered

later whgn'thevprébiem bfiarlbséaof wall coolant was éxamined.

Steady-State Condition

Equatipnéfweré”dévéldﬁedEﬁdiéllowjtﬁé heat transfer and shielding

- ptbﬁefties"éf_thé5cbmp6é1télwali; éhdﬁh—in Fig. 2, to béréxamined'para-

metrically for variQdé cémbinations of_Lamination materials and thick-

nesses. A one-dimensional analysis was used, assuming that the tempera-
tures of the intefibr and exterior surfaces of the wall were constant and

uniform.




Derivation of Equations

- A steady-state energy balance on a differentisl element of the reactor
room wall can be expressed semanticelly as follows. The heat conducted
into the element through the left face during the time A8 plus the heat .
generated by sources in the element during the time A8 equals the heat
conducted out of the element through the right face during the time A8
This is expressed algebraically in Eq. 1.

ity & Ae+Q(A1Ax)A9—-kA1§—: e,
R Ax R o
where v . o
k = thermal conductivity; Btg/hr-ft-oF,‘
A, = unit area on wall, ft2,
T = temperature, °F, L N
x = distance perpendicular to surface of the wall, ft,
6 = time, hours, and
Q = volumetric gamma heating rate, Btu/hr -£62,

Application of the mean-value theorem to dT/dx gives the expression of
Eq. 2.

dT ,d'r| [ dfar ] ,
—_— o e—l 4 Dx ' (2)
rdx x + Ax dx dx|dx ’ i |

where M is a point between x and x + Ax. Equation 2 is substituted into
Eq. 1 and A9 1is canceled.

kg |+ o = kg “TI [dggg =@
RS < :

The common term =ké; T| is canceled, and it is noted that ——(d )
= T/d®. The reSulting expression is given in Eq. 4.

Q& Ax = ;kAiqug ﬁAx e a NG}

Dividing Eq. 4 by A Ax and allowing Ax,to‘apﬁroach zero as a limit so

that a value at M becomes a value at x, the volumetric gamma heating rate,

o=k $F . SN )

. Cu

Xy
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Equation 5 is integrated twice, and if Q # Q(x),
T(x) =,—i§x2+clx+(‘g . (6)

The applicable boundary conditions for any‘particular laminationvin the
wall are T=T, at x =0 and T = TL at x = L, where T, = the temperatﬁre
of the lamination interface at zero location designated in Fig. 2 and
L = the thickness of the.marerial in a lamination in feet. Tkese con-

ditions are applied'to Eq. 6.
T =T + (1, - B) + %k(Lx -2 . | )

The internal heat generation encountered in this study is caused by
a deposition of energy in the form of heat when the gamma rays are atten-
uated by the materials in the wall of the room. Because of this atten-

uation of the gamma rays, the volumetric gamma heating rate, Q, is a

'fdnction_of the distance perpendicular to the surface of the wall, x.

The equations derived in this study are based on the assumption that the
incident gamma current is monoenergetic, but appropriate equations for

a multi-energetic gamma current are given in Appendix A. For a mono-
energetic gamma current where buildup and exponential attenuation are

considered, the equetipn for Q(x) becomes

Q) = @ (A + (1 - pyeBx]emi (8)
where o S : :
A, O, and B = dimensionless constants used in the Taylor buildup
equation ‘
and p = the total gamma attenuation coefficient, ft™t.
When R '
G ‘?EQOHE ’
0@ = @ 2@V - e ® D] )
where v , : , -
Q = the volumetric:gammarheatiﬁg rate at the surface on the reactor
' gide of the‘étaieleSS'steel‘skin, Btd/hr-fﬁa,
E = energy of the incident gamma current,. Mev,
& = incident gamma current,‘phbtons/cn?;sec, and
Hg = gamma energy attenuation coefficient, ft-!.
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Substituting Eq. 9 into Eq. 5,

% + 9{: [Ae“"(.a "D L. nexB 1)] =0. | (10)

Equation 10 is integrated twice to yield'

QA gx@-D) (-8 -ux(e+ D)
T"‘)“'Q"L'F(oz-l)5 CER ]

+ Gx+G =0. ’ (11)
The previously stated boundary conditions are still applicable, and the
result of applyingJthese’conditions to Eq. 11 is that

T = To + T(T - To) - |
LRI TN S RECAS]

st - ) i 0
Htel - ) el - e ) e

The temperature distribution in any particular lamination of the wall
is given by Eq. 12 when the appropriate constants for that lamination are
used. Equation 12 is ‘used primarily to determine the maximum temperature
in the concrete and to determine the location of this maximum temperature,
To locate the position of the maximum temperature in the concrete, Eq. 12
1s differentiated with respect to x, the resulting derivative (dT/dx) is
set equal to zero, and the equation is solved for x. The value of x
obtaiﬁed gives the distance from the concrete-steel interface to the
position of the maximum temperature in the concrete.

Lol - )

- & {[ A fix(@ - D), 2ot [+ emxte + 1]

(@ - Di-¢

- %[(af 1)2(1 - ep.L(a B 1)) (Bl+-1;\3 (1 'U-L(B + 1))]} = 0, (13)

~ Equation 13 is a transcendental equation in x, and as such, it must

be solved by using a trial-and-error technique. There are only two terms
in Eq. 13 that contain x, and these terms are rearranged to put Eq. 13

in 2 form more easily solved by trial and error.

o
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Q(L-A) -ux(@+1) | QA x@-1)

NIGE) . Hk(@- 1)
= '(To - T ) + (—%—)[?&——)5- (1 e llL(a 1))
gt

All of the coefficients on the left side of Eq. 14 are known, and all of
the terms on the right srde are known.‘ Therefore, Eq. 14 may be written

in the form

, 'Kle %"ixae‘f’a"ﬂa,; P ¢
where the K's and a's are calculable numbers. When Eq. 14 is solved for
" this value of x is called xT max The value x = Xy max is substituted

into Eq. 12 to obtain the maximum temperature of the concrete.

To determine the magnitude of the‘conduction loss, q*, from the
reactor room, equations were written to give the temperature drops across
each separate lamination in the wall These equations are simple con-
duction and convection equations in which all of the heat generated in a
particular lamaination is assumed to be conducted through a length equal
to two-thirds of the thickness of the particular lamination. The total
amount of gamma heat, s deposited per unit area in a direction normal to
the face of the wall is found for any particular lamination by integrating
Eq. 9 over the length, L, of the particular lamination.

a =fL @ [aehx @ Dy (1 A) ix(B 4 1)] : L ae
Jo, j T S |
e RS T L Lt DR

where @ is the incident volumetric gamma heating rate,

There are two possible ways to evaluate the incident volumetric

,gamma heating rate at some ‘particular material interface, which shall be

referred to as the "j- th" interface.: The first way- is—to calculate the

(j
is substituted into the equation

gamma current,

o(J)

)’ at each’ interface. To obtain Q’(j)’ this calculated

value of &

Dy =Byt
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The second method ofgevaluatingdthe incident'volumetricﬁgamma‘heating
rate involves subtracting the total amount of gamma heat deposited per
unit area in the j-th lamination, qj, from the gamma energy current per
unit area incident upon the j -th lamination, q NOX to approximate the
gamma energy current per unit area incident upon the face of the follow-

“ing lamination 9 (4 + 1

: R Y %W Yy (18)

The volumetric gamma heating rate incident upon a particular lamination,
Q (j)’ and the gamma energy current per unit area incident upon the j=- -th

'lamination, q 0(4)’ are related by the following equation.

%) * o(j>/“E(j) +(182)
Therefore, : . R
%1+ 1) " % + DYEG + D

These two methods are in fairly good agreement, ‘and since ‘the values for
‘the various material constants were not well fixed at this point in the
design for the reactor room wall,:the'second method of evaluating the
incident volumetric gamma heating‘rateiwas used in this study. The
second method is simpler to use and easier to calculate. o

The equations for the steady-state temperature drops across each of
‘the material laminations on the reactor gside of the air channel are given

below and the temperature points are as {1lustrated in Fig. 2.’

k -—
(q* + 3qs)Ls

L =N = K ’ 7 . (19)
vhere ! , é . - .
‘ q* = heat conduction rate out of the reactor room, Btu/nr-fta
q, = gamma heat deposition rate in the stainless steel outer skin,
Btu/hr* - ft°, ; '
L, = ‘thickness of the stainless steel skin, ft; and -
'k, = thermal conductivity of the stainless steel skin, Btu/hr-ft-°F,

(18b)
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2
(g + q_ +3q,)L
B - -—=23L 1 (20)

k1

where the subscript I refers to the insulation lamination shown in Fig. 2.

2
| (q% + q_ + q; + J9p) L
 Bep-———L =5 1)
FS

where the subscript FS refers to the first mild-steel gamma shield (on

the reactor side of the air channel)

qQF +q +q Qe :
F
T -T, = s L1 B8, (22)

where v
T, = temperature of the air in the channel, °F, and

h = convective heat transfer coefficient, Btu/hr-ft®.°F.

‘The average convective heat transfer coefficient across the walls of the

air channel is evaluated in Appendix B, and the value of 5 was determined
for a mean temperature of from 130 to 150°F. It was assumed that the
gamma heating in the air channel is negligible. Equations 19, 20, 21,
and 22 were added and the resulting equation was solved for q*. The heat

conduction rate out of the reactor room to the air channel,

s ¥ kgg B
. gﬁz+h§+;’; 3)%s+i
T3 T K h| = s (3 k h , |
* = : ' FS . FS (23
Q- = L Lo B R ; - . : ( )
s , I, “FS 1} U e e :
DAl
8 I FS

is. the maximum temperature of the concrete, Tmax' This temperature may be

jdetermined by using Eqs. 12 and 14 but the temperature of the. steelv,..

concrete interface, Ts, must ‘be known before these equations can be used.
The simple conduction and convection equations for the laminated wall on

the concrete side of the air’ channel are given: below. -

s Emachatiers BN U NN
R e et @
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where )
qgg = gamma heat deposition rate 1n the second mild-steel gamma shield,
" Btu/hr-£t3, ' '
qé = rate at which the gamma heat generated in the concrete is
conducted back toward the air channel, Btu/hr-ft®, and
qg = radiantvheat:trenefervrate between,the,walls:of thejair chenpel,
Btu/hr-£t2,
4 =3 (B* - L*)
<! o
-where
o = Stefan-Boltzmann constant . .
= 0.1714 x 10-° _
€ = surface emissivity of.air'channel'walls, assumed to the:

same for both surfaces.-

Lt 2 o
(qQ' +359.a) Ll
c 3788’ 'ss
- T = m —
sS

(26)

In this sfudy, there is a point in the concrete at which the tempera-

ture of the concrete {is a maximuﬁ. All of the gamma heat generated on

the air channel side of that point will be conducteértOWarditherair channel;

that is, in the direction of decreaéing temperature. 'This amount of heat,

q , may be calculated by evaluating dT/dx in the concrete at x = 0, using

Eq.,13 : .
ary S S o(c)J[_ __Au u(l - A
axl _ o c1® %)+E§;ﬂ @-D ' 5+1]r
X = c » C } _ R
La A *@TTFF‘?, B
- recognizing that.
. Ve k dT

cr e dx =0 )

where the subscript c denotes concrete. The right side of Eq. 28 is
positive rather than negative because Eq. 27 makes positive conduction

in the direction from the air channel toward the cbncrete, but qé is

14

ean

(28)

o
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to be made positive in the direction from the eoncfete'toward'the air
channel. Equations 24, 25, 26, 27, and 28 were combined to yield one
equation in which the only unknown is T :The;value for Tg'can'be:Caleu-’

lated from the equations for the reactor side of the air channel.

| . 1"

f—\n* + T h +
(-2--1’ | s, e
€ kg K
Qe | 2LSSqS‘S
: . B .
- [32—)m* + bT, + qgq + < s, (29)
-1 e 88, ¢ ‘ ’
: K K,
S8
where o o
L(Ot-l)
) pA 1 A H
;B"(B+1 ’(a-l)) [(a-l)ﬁ(l'e )
1-a -uL (B + 1) _
+(fs+1)=(1',". Y | R

The constants in Eq, 29a that have no identifying subscripts are understood
to be for concrete, Equation 29 is also a transcendental equation.  There-
fore, a trial and-error method ‘must be used to solve for T,. Once T, and

qc are known, Ty can be calculated by using Eq. 25.

Calculational Procedure

Since the calculation of certain of the desired quantities Tequires
that the value of other desired quantitieS'be known, there is a certain
order io which the problem mnstyﬁe worked. For a particular case, the:
thickness of .each of the laminations in- the wall is selected; and the.
inside (reactor room) and outside (earth: -or internal) wall temperatures:
are specified. The incident gamma current and the temperature of the
coolant'air are also specifiedQ The constants for the various equations

are selected, and those used are given in Appendix C.-
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With the proper constants for each different lamination, Eq. 17 is
first used to calculate the gamma heat depositions in each of the sepa-
raterlaminetions (qs, 9> Gpgs 9gg? and_qc). Equation 23 is then used
to calculate the conduction loss from the reactor room q*. = The tempera-
ture drops and the interface temperatures on the reactor side of the air
channel are talculated by using Eqs. 19, 20, 21, and 22. Equation 29 is
used to calculate the value of T, and then the value of 9% is calculated’
by using Eq. 25. Then q; is calculated by using Eq. 24, and the value
of Ty is calculated by using Eq. 26. Once the value of Tg is known,
is obtained by using Eq. 14, and the maximum temperature of the

T max

concrete is calculated by evaluating Eq. 12 at x = xT max®
At this point, it is possible to- calculate the vertical temperature

gradient ( F/ft) in the coolant air. This temperature gradieat,

o e
9 * 97 Y Qg t Ggg * 9T Y g T 9,

s (30)

AT = 3600Up L p Pa'
where U
rUa = bulk uelocity of coolant air, ft/sec,
p, = density of air, 1b/ft’, '
L = width of air channel (distance between steel laminations), ft,
Cpa = specific heat of air at constant pressure, Btu/lb— F.

The temperature of the air at the top of the channel,
r .
T, = T, + AT(H) , o , 31

where H = the vertical length of the air channel in feet.
~ The entire calculational procedure can now be repeated using’the'

new air temperature at the top of the air channel, T'. This .calculation
of the temperature of the air at the top of the channel is necessary’
because a higher T causes the maximum temperature of -the concrete’ to be
higher,  and the magnitude of this meximum temperature is one of the
constraints in this study.

- A program was developed for the CDC 1604-A computer to solve Eqs. 8
through 31 for the steady-state condition. The TSS (Thermal Shield Study)-

&y
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computer program is described in Appendix D. The program performs the

wh

calculations in the order described above, and it will handle up to five
material laminations (excluding the air channel) in the proposed reactor

room wall and up to eightvenergy groups for the incident gamma current.

Transient Case

The problem of the loss pf coolant for the reactor room wall is
basically a transient heat conduction problem ﬁith internal heat genera-
tion. If the flow of coolant air through the channel in the wall is lost
for an appreciable length'of time, the temperature in the concrete and/or
the steel laminations may become excessive. To investigate this situation
with the goal of obtaining a first epproximation of the amount of time
that such a loss of air flow could be sustained safeiy, a finite differ-
ence approach was taken.. The differencihg‘is with respect to time and

: the superscript n in the following equations denotes values after the
n-th time iﬁterval. | _'

The propose& configuration’of the reactor room wall was broken into
segments of given lengths with nodal peints locatedfat the center of each
segment, as shown in Fig. 3. Each segment in the concrete region of the
wall was assumed to be 1 ft thick, each segment in the mild-steel gamma
shields and in the firebrick insulation was assumed to be 1 in. thick,

the entire stainless steel skin ‘was treated as a single segment 1/16 in.
thick, and the,air channel was treated as a single segment 3 in. thick.
- The ehefgy balance for a particular segment can be expressed seman-.

tically as follows. The heatchndueted into a segment: during the time AS

plus the heat generated in the;eegment during the time A9 equals the heat
‘stored in the segment during the time A8 plus the heat conducted out of the
segment‘during the time A9. Thercorrespending algeﬁraic equation for a
'typical segment of the composite wall is given below with Segment 4

selected for illustrative purposes.
. kcA' ' V Pe AL pc .1 , kA -
- L)t e A ——S(m" T L) s 2 - Y.

u I c | I,

13}

(32)
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Fig. 3. Designations Given Segﬁents of Reactor Room Wall for Study
of Transient Conditions.

Rearranging Eq. 32,

k AB q AB.

n“”—n s n CHEE U R - (33)
Pcte P, : Pelel P, IR

A characteristic equation at an interface ‘between two different

materials is given in Eq. 34

K AB X A8 @ M

n+1 n g=-C
T'7 = T’l + p LEC (TB - T7 )+p LLC (TG - T7 ) + p L C ’
, s's P, s'scp, 8 p

8
(34)

where the subscript s denotes the stainless steel skin, the subscript'c

denotes the concrete, and'l-zs_c is an equivalent conductivity given by

Eq. 35. ;
k k (L +L) : _ ,
- akb a b | (35)

k
a-b = Tk L+ kL’

where the subscripts a and b refer to any two adjacent materials,
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Eighteen equations similar to those just given were derived to carry
the analysis across the entire reactor room wall, and a simple computer -

program was written to perform the calculations required for one specific
transient condition. ' '
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4. PARAMETRIC STUDIES

The parametric studiesvof the proposed configuration,of_g laﬁinated
wallbfbr the reactor room, shown in Fig. 2, to protect thé concrete bio-
logical shield from the gamma current witﬁin the room were made for two
conditions: the steady-state condition and the transient condition.
Parametric studies of the material laminatiohs for the steady-state cén-
dition were made to determine whethef or not
1. the bulk temperature of the concrete ﬁortion of the wall could be

' maintained at levels below 2129F, |

2, the temperature differential in the concrete could be maintained at
less than 40°F, and

3. the conduction loss for a reactor rodm'could be maintained at 1 Mw
or less.

A transient condition was investigated to determine the length of time

over which the loss of coolant air flow could be tolerated before the

temperature of the concrete would exceed the maximum alléwable tempera-

ture of 212°F. .

Cases Studied for Steady-State Condition

For the parametric analysis of the composite plane wall with internal
heat generation for steady-state conditions, the air channel was not con-
sidered as a material lamination but rather as having a fixed width of
3 in. between the first and second mild-steel gamma shields. The tempera-
ture of the incoming cooling air at the bottom of the air channel wés
assumed to be 100°F, and the velocity of the air was set at 50 ft/sec.

The thickness of the stainless steel skin on the reactor side or interior
surface of the wall was fixed at 1/16 in., and the temperature of the
interior surface of the reactor room wall was considered to be uniform
over the surface and constant at 1100°F. Equations 8 through 31 derived
in Chapter 3 were used with the TSS computer program described in
Appendix D to examine the steady-state effects of changing the

i
i
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1. thickness of the firebrick insulation,
total amount of mild steel used for the gamma shields,
3. ratio of the amount of-steel on the reactor side of the air channel
) to_the émocnt of steel on tﬁe-concrete side of the air channel,
4. thickness androutside temperature of the concrete—wall, end the
5. magnitude of the incident monoenergetic (1 Mev) gamma current.
Sixty-four separate cases were analyzed for the steady-state con-
dition tO'determine the effects ofrchenging those parameters of interest.
Data illuetrative of the typical effects of varying the parameters were
selectedvfrom the results of theseranalyses and are compiled>in Tables 1
through 7. The effects of changing the parameters are given for -incident
gamma currents of 1 x 102 and 2 x 102 ﬁhotons/cm?-sec in all of these
tables, and the conditions at the bottom (entrance) and top (exit) of
the air channel are given for both magnitudes of incident gamma current.
For cases with an incident gamma current of 1 x 102 photons/ecnf - sec,
the maximum temperature of the concrete increases approximately 50°F from
the bottom of the air channel to the top. For cases with an incident
gamma current of 2 x 1012 photons/cu?-sec and no cohduction back to the
reactor room, the maximum temperature of the concrete increases approxi-
mately 80°F from the bottom to the top of the air channel. For a given
gamma current and insulation thickness, the conduction loss changes very
little (about 0.04 Mw) between the bottom and the top of the air channel.
The largest value for the maximum temperature of the concrete at
the top of the air channel in those cases with an incident gamma current
of 1 x 10*2 photons/ce? -sec and sn insulation thickness of 5 in. or more
is apbroximately 200°F On the 6ther hand, the'emallest value for the

- maximum temperature of _the concrete at the top of the air channel in

those cases with an incident gamma current of 2 x 102 photons/cn?osec

and an insulation thickness of 5 in. or more is greater than 250°F
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- Table 1. Results of Investigation of First Steady-State Case
. Case Conditions Studied ,
T = 1100°F L =8ft Te = 50°F

[ -]

L, = 1/16 in. Ly =5 in.  Lgg = 4 in, Lgg = 2 in.

¢ = 1 x 102 photons/cu? - sec ¢, = 2 X 10*2 photons/cuf .sec
o

Bottom of Top of ‘ Bottom of Top of
. Channel Channel Channel Channel -

q s Btufhr-fe® 16.57 1657 334 33.14
qy, Btufbr-£62 75.47 75.47 | 151.0 151.0
Gpgs Btufhre£e2 370.6 '370.6 7412 741.2
qgqs Btufhr £t 11.69 ©11.69 123,38 23.38
q,, Btufhr-£t3 33,65 -33.65 : 67.30 67.30
q.'s Btufhr-£e? 25.84 22.04 - 55.31 . - 48.99
Qg Btufhrefe3 110.6 131.2 , 198.9 . 253.9
MIL, Mv 0.5812 0.5382 0.3520 0.2838
T, °F 1099.9 1099.9 1099.9 1099.9
%, °F 247.9 297.1 324.6 402.7
%, °F 240.5 289.9 314.1 ©392,5
T, % 100.0 153.0 100.0  184.0
%%, °F 129.6 186.0 - 155.5 . 249.3°
%, °F 129.8 186.2 156.0 . 249,7
T-T,, °F 0.1018 © 0.0946 0.0679 - 0.0565
T-T, °F 852.0 802.8 775.3 . 697.3
T, °F 7.412 7.185 10.55 10.19
T-T,, °F 140.5 136.9 214.1 208.5
T-T, °F 29.63 32.98 55.52 65.25
Te-%, °F 0.216 0.1916 0.4554 O 0.4148
T F 140.5 193.6 181.3 268.5
Xp gay £t 0.5422 0.4083 0.6343 0.4887

aT/H, °F/fe 1.104 1.103 1.751 1.777 -
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Table 2. Results of investigation of Second Steady-State Case -

Case Conditions Studied

‘ T = 1100°F L =3 ft Te = 70°F

= 5,'3[“' Lrs = &4 in, L., = 2 in.

L"= 1/16 ’.nc L ss

I

% = 1 X 102 photons/cu®.sec ¢, = 2 X 10*3 photons/cnf - sec

- - Bottom of Top of . Bottom of Top of
- Channel - Channel Channel Channel
q,, Btu/hr-£2 16,57 116.57 33.14 33.14
ays Btufhre£62 . 75.47 1547 151.0 151.0
apgs Btufhre£e? 370.6 370.6 741.2 741.2
qggs Brufhrefe? 11.69 11.69 | 23,38 - 23.38
q_» Btu/hre £e3 33.65 33.65  61.30 . 67.30
q.'» Btufhr.£e8 18,33 8.446 42.64 26,19
qgs Btufhr:£3 111.6 133.3 © 200.8 258.2
ML, Mw 10.5812 0.5385 0.3520 0.2845
%, °F . 1099.9 1099.9 1099.9 1099.9
T, °F 247.9 296.7 . 324.6 402.1
T, °F 260.5 289.5 3141 391.9
Tys °F 100.0 152.6 100.0 183.4
T, °F 128.3 183.3 153.4 244.9
T, °F 128.5 183.4 $153.7 245.2
LT, °F 0.1018 0.0947 0.0679 0.0566
T-T%, °F - 852.0 803.2 775.3 697.9
L-T, °F S 7.412 . 7.187 10.55 10.19
T-T,, °F O 140.5 136.9 21401 208.5
T-T,, °F 2832 30.68 53.36 60.55
Te-%, °F .0.1678  0.1043 0.3740 © 0.2683
Toax? F 1834 1844 1674 250.0
Xy mayr f€ 0.3124 10,1276 0.3878 0.2061

- at/a, °F/fe 01,096 . 1.088 1.737 1,754
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Table 3. ' Results of Investigatioﬂjof‘Third Steady-State Case

‘Case Conditions Studied

T, = 1100°F L =8 ft , Te = 50°F

i

L, = 1/16 in. L =5 in.  Lgg= 2 4n. Lgg = 4 dn.

¢ =1 Xx10'3 photbns cn « sec ¢, = 2 X 10*2 photons/ca? . sec
)

Bottom of “Top of : - -Bottom of Top of

Channel .~ :Channel ) Channel Channel
qgs Btu/hre£e? 16.57 16.57 . 33.14 T 33,14
qys Btu/hre £2 o 15.47 75.47 - 151.0 151.0
Gpgs Btufhr-fe8 . 299.6 299.6 1599.2 ©599.2
qggs Btufhr-£e° 82.69 82.69 165.4 165.4
q,s Btufbhrefe® - 33.65 133.65 .67.30 - 67.30
q.'s Btufhr-fe? 25.15 21.50 54.08 - 48.21
qgs Btufbr: £e3 ‘ 87.31 102.6 141.5 S 177.6
MWL, Mw '0.5960 0.5538 ©70.3799 0.3139
%, °F 1099.9 1099.9 1099.9 . 1099.9
., °F 1230.9 279.2 292.7 368.2
T, °F 227.5 275.9 288.0 363.6
T, °F 100.0 151.9 . 100.0 181.1
%, °F 139.0 193.3 172.2 259.3
T, °rF 140.1 194.2 174.3 261.4
%-Ty, °F 0.1043 0.0972 0.0276 0.0616
T-T:, °F 869.0 820.7 807.2 731.7
L%, °F | 3.452 13,341 4,754 4.580
Ta-T,s F 1275 124.0 188.0 182.5.
L -T,, °F 39.03 41.35 72.19 78.24
Te-%, °F 1.028 '~ 0.9814 © 2.105 2.030
Toax? F 150.1 201.2 198.2 279.5
Xr pax? £t 0.5139 -0.3927 10,6004 0.4745

- o1/, °F/te 1.081 1.07 1.689 1694
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Table 4. Results of Investigation of Fourth Steady-State Case
Case Conditions Studied
T, = 1100°F L =3ft Te = 70°F
L, = 1/16 in. Ly =5 in. Lgg = 2 in. Lgg = 4 in.

8% = 1 X.10*2 photons/cn? .sec

$, = 2 X 102 photons/ct? - sec

Bottom of Top of Bottom of Top of

‘Channel Channel Channel Channel
9 Btu/hr* £¢® 16.57 16.57 33.14 33.14
qys Btu/hre£62 75.47 75.47 151.0 151.0
9pgs Btufnr. £t 299.6 299.6 599.2 599.2
qggs Btu/hr- £t 82.69 82.69 165.4 165.4
q,, Btufhrefe? 33.65 33.65 67.30 67.30
q.'s Btufhr-£e? 16.53 7.048 39.42 24.17
qps Btu/hre£e? 88.49 104.9 143.8 182.4
MWL, Mw 0.5960 0.5543 0.3799 0.3146
T, °F 1099.9 1099.9 1099.9 1099.9
T, °F 230.9 278.8 292.7 367.5
T, °F 227.5 275.5 288.0 362.9
T, °F 100.0 151.4 100.0 180.3
%, °F 137.5 190.4 169.7 254.7
T, °F 138.5 191.2 171.6 256.4
T, °F 0.1043 0.0973 0.0726 0.0617
T -Tz, °F 869.0 821.1 807.2 732.4
T-Ta, °F 3.452 3.342 4.754 4,581
T-T,, °F 127.5 124.0 188.0 182.6
%-T,, °F 37.54 38.93 69.71 174,60
T-%, °F 0.9178 0.7963 1.917 1.722
Toaer °F - 142.4 192.8 183.1 © 260.5
Xp paye £t ©0.2724 0.1052 0.3454 0.1881
aTfu, °F/fe 1.072 1,058 1.673 1.669
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Table 5. Results of Investigation of Fifth Steady-State Case
Case Conditions Studied

T = 1100°F L =8 ft Te = SO°F

L, = 1/16 in. L =5 in. Lg = 2 in. Lgg = 2’1n.

&% =1 x 1032 photons /cuf « sec ¢, = 2 X 102 photons/cuf -sec

Bottom of Top of - .. Bottom of Top of

Channel Channel Channel Channel
q,, Btufhr £ 16.57 16.57 - 33.14 ‘33,14
Qy, Btu/bre£63 75.47 75.47 _ 1151.0 151.0 -
Qg Btufhrefe? 299.6 299.6 599.2 © 599.2
9gg» Btufbr-£e? 71.15 71.15 142.3 142,30
q,» Btufhr-fe3 : 45.19 45.19 90,38 90.38
q.'s Btufhreft ~35.90 32.24 75.58 69,71
qR, Btu/hr'ft3 87.42 v 102.7 - 141.7 177.9 -
MIL, Mw 0.5960 0.5538 0.3799 0.3141
5, % 1099.9 1099.9 1099.9 1099.9
T, °F ‘ 230.9 279.2 '292,7 368.1
%, °F 227.5 275.9 288.0 1363.6
T, °F 100.0 151.9 100.0 181.0
%, °F 138.9 193.1 171.9 259.0
1, °F 139.4 193.6 173.0 260.1
=T, °F 0.1043 0.0972 0.0726 0.0616
Tz, °F 869.0 820.7 1 807.2 731.8
T,-Ts, °F 3.452 3.341 4,754 . 4,580
T-T,, °F 127.5 124.0 188.0 182.6
L-T,, °F 38.89 41.22 71.92 77.99
Ts-%, °F 0.5353 0.5118 1.095 1.057
Toax? F 155.0 205.6 1208.6 289.1
Xr pax? £ 0.5851 0.4716 0.6638 0.5484

arfu, °F/fe 1.080 1.073 1.688 1.692
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Table 6. Results of Investigation of Sixth Steady-State Case
Case Conditions Studied
T, = 1100°F L =8 ft Tz = SOOF

L, = 1/16 in. Ly = 7.5 fn. Lpg = 4 in. Lgg = 2 in.

. 9 =1 X 102 photons/c? -sec ¢, = 2 X 10*3 photons/cu? . sec
%

" Bottom of Top of ' Bottom of Top of

o e - --Channel Channel Channel " Channel
q,, Btufnr:£e 16.57 16.57 33.14 1
qy, Btu fore £62 1.9 111.9 223.8
Gpgs Btu/hrefe® - 338.1 338.1 676.2
4ggs Btu/hr-£e2 110.69 10.69 21.38
9., Btu/hr- £t " 30.70 30.70 61.40 ,§,
%'s Bu/or-£e® 23,47 20.35 50.39 ”
9p» Btu/hreft? 86.60 101.1 164.5 §
MWL, M 0.2891 - 0.2649 0.0245 e
T, °F 1099.9 1099.95 " 1099.99 g
T, F 223.2 265.1 297.9 :
T, °F 217.2 259.2 288.7 H
T, °F 100.0 144.0 100.0 g
T, °F 124.1 170.5 147.2 o
T, °F 193.6 170.6 147.7 g
BT, °F 0.0529 0.0488 ' 0.0131 °
T,-%, °F 876.7 834.8 802.1
LT, °F 6.060 - 5.931 9.195
T-T,, °F. 117.2 us.2. 188.7
%-T,, °F 24010 . 2642 47.24
Te-Te, °F 0.1965 10,1764 10,4150
T OF Co1%0 176 170.7
Xp gax? £ 0.5375. - 0.4162 . 0.6322 ,
aT/d, °Ffge o7 0.1 . 1532
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Teble 7. Results of Investigation of Seventh Steady-State Case
Case Conditions Studied C e o

T, = 1100°F L = 8ft Te = 50°F

L, = 1/16 in. L, =10 iin. Lpg = 4 in. Lgg = 2 in.

¢ = 1 X 10'2 photons/cuf.sec . ¢, = 2 X 1012 photons/cuf - sec

Bottom of - Top of - -~ Bottom of Top of
- Channel Channel Channel - Channel ]
q,, Btufbr: €€ 16,57 7 16.57 3314 3306 S
4y, Btufhre£e® 146.7 146.7 293.4 293.4 |
9pgs Btu/hre £t? 307.1 307.1 - 614.2 6142
9gg> Btu/hr-£t3 9.689 9.689 19,38 . 19.38
g, Btufhre £t 27.89 27.89 55.78 55.78
9", Btufhrefe® 21.08 18.35 y Y
qg» Btu/hrefe 73.58 84.92
MWL, Mw. 0.1118 0.0955 g g
T, °F 1095.98 1099.98 2 8 -
T, °F ' 1208.6 245.9 B &
° . o o
T, F 203.3 240.7 8 8
-] ’ 8 3 ~
Ty F 100.0 138.7 e o
%, °F 120.9 161.3 g E
%, °F 121.0 161.5 x %
2 8
BTy, °F 0.0232 0.0205 - .
T-T, °F 891.4 854,1 K 3
o : o o
T,-Ts, °F '5.304 5.218 g 8
P < b
Ts-T,, °F 103.3 102.0 § s
u-T,, °F 20.87 22,59 - f
Ts-T, °F 0.1769 0.159%
Tpax? F 129.6 167.6
Xy max? € © 0.5256 0.4117 .
arfu, °r/fe 0.8064 0.8088 | a8
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Tables 1, 6, and 7 may be compared for the effects of changing the
thickness of ‘the firebrick insulation from 5 in. to 7.5 in. and 10 in.
The addition 0of 2,5 in. of insulation decreases the conduction loss by
about a factor of 2, and this addition also decreases the maximum -temper-
ature of the concrete by approximately 15°F in those cases with an inci-
dent gamma current of 1 x 10'® photons/caf -sec.

Tables 1 and 5 may be compared for the effects of changing the
total thickness of the steel in the two gamma shields. Decreasing the
total thickness from 4 to 2 in. causes only a siight increase in the
conduction less. The maximum temperature of the concrete is increased
approximately 10°F for the cases with an incident gamma current of 1 x 102
photonS/cmF'sec and by approximately 20°F for the cases with an incident
gamma current of 2 x 1012 photons/crf - sec.:

Tables 1 and 3 and Tables 2 and 4 may be compared for the effects of
changing the ratio of the thickness of the steel on the reactor side of
the air channel to the thickness of the steel on the concrete side of the
air channel. Changing from 4 in. on the reactor side and 2 in. on the
concrete side to 2 in. on the reactor side and 4 in. on the concrete side
increases the conduction loss only slightly and increases the maximum
temperature of the concrete approximately 10°F.

Tebles 1 and 2 and Tables 3 and 4 may be compared for the effects of
changing the thickness of the concrete and the temperature over the out-
side surface of the concrete wall:. Changing the thickness of the concrete -
from 8 to 3 ft and the temperature on the outside surface from 50 to 7OOF
decreases the maximum temperature of the concrete about 10°F but the

conduction loss is not affected appreciably.

LCase Studied for Transient Condition = - -

Eighteen finite,differeneé equations, with the differencing with
respect to time, similar.to Eqs: 32 through 35 discussed in Chapter 3
were written -to aﬁalyze the proposed configuration of the reactor room

wall for one transient-condition case., The analysis was performed to
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determine the length of time 6vér which a loss of coolant air flow could
be télerated before the temperature of the concfete would exceed the
maximum allowable temperature of 212°F. Such a loss of coolant air flow
could_arise.as a result of a malfunction in the blower system supplying the
coolant air. Although natural convection currents would cause some cir-
culation of the coolant air during g blower failure, it was assumed that
the coolant air was stagnant during the failure so that the worst case
could be analyzed. Under this assumption, the air channel serves only

as an insulating material.and removes no heat from the wall.

The conditions established for the analysis of this particular case
were a 5-in.-thick layer of firebrick insulation, a 4-in.-thick layer of
mild steel for the first gamma shield, the 3-in.~wide air channel, a 2-
in.-thick layer of mild steel for the second gamma shield, and a 6-ft-
thick concréte wall for the biological shield. A simple computer program
was written to perform the calculations, but the zero-time temperatures
and heat depositions for each segment in the composite wall were calcu-
lated by hand and used as fixed numbers in the program. This computer
program was used only to obtain a first approximafion to the transient
situation for one particular case, and the details of the program are
not presented here.

The program was run for elapsed times of t = 1.0 hr, t = 2.0 hr,

t =3.0hr, t =4.0 hr, and t = 5.0 hr for the condition of internal: heat
generation (reactor at power during blower failure) during the transient
period. The program was then run again for the same elapsed times but
for the condition of no 1n£ernal heat generation (reactor shutdown
simultaneous with blower failure) during the transient period. The
éomputer program used to analyze the condition for internal heat genera-
tion is given in Table 8. To analyze the condition of no internal hesat
generation, Q2C through Q19SS in Table 8 are set equal to zero. The
resulting temperature distribution in the proposed reactor room wall
analyzed for the condition of internal heat generation during-the
transient period is shown in Fig. 4, and the temperature distribution in
the wall with no internal heat generation during the transient period is
illustrated in Fig. 5. | .
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Table 8. Computer Program Used to Analyze the Proposed Reactor Room Wall for
the Condition of Internal Heat Generation :
PHEGRAN T
R = 500 -
T = 03001 oo
T) & 06,35
T2h & 09,65 e

T3A |32.95
TRE T TH6.2%

TS52 & 179,42
T OTOA 8 197,80 0 T TTTTTTTTTTITTITT ST e s e e T
T7A = 1B6,14
S TBA B 8604 T T oo em e e e - e
TYA = 153.00
T =290793
TIIA & 293,03
CUTIEA S 204 G4 T T m e e e e e
TIIA = 296.5) :
“T14A = JIB5,98 0 TeTTThTIITTTT - I
TISA B 558,99 ,
TICR ® 724,67
' TI7A = 880,72
TTTTIEA BT Q30.43
TISA & 099,90
TTLTTT207 e 100,00 T
G2C = (.255 g

+
04C = 0,255
T 05C £ 1,32
" Q6C x 29,99
T Q7S B 24467 T
08S x B,59
QT0S & 2T+ 17
QIIS = 49,62 :
T U OFES ® 09,68 T i vmummmmemm oo
0)3S = 190,84
‘f“"ulhs '5,09 TooTTe e TS T T T e e
Q)SSS = 16,457 . E
STCHA =0, 00000000171
EPSIL & Uo7
R K3 f L TR . R
10U QRAD B8 (SIGMA/(2/EPSIL=14))*((T)gA+460)*%4=(TBA460,)%%4)
T2 TRE m T2A+04(0 18405 T LTSAZ2, *T2AeT )T ,034063%02C ~ o
O TIE & T3A+0.0168405°T*(T4A=2, T3A«T2A)*T%0,034083°Q3C
8 Py . ) i . QUCe US|
D TSE = T5A¢0,018405°T(TaA®2,*T5AeT4A)*T*0,034p83%°A5C
"0 T6E & THA+( 036747 T (T7ASTEAY¢0,018405°T*(T5A=T6A)*T 0, 034y83%Q6C
7. T7E = T7A469,6325°T(TBA=TTA)+0,24062°T*(T6A"T7A)*T*0,223|8)°07S
¥ TBE & TBA#0.03197°T(T9ATBA)69,6325°T*(T7ATBA)+ORADT*p,52318)
1 +T%0,223r8)°08S T I O :

R TR N L T e L e ; LT
1V TEIE 3 TIA¢69,6325%T (T )12A=2,9T ) |A+TI0A)+T%0,223161%Q)4S
12 TI28 B T12A469,6325°TOCTI3ARR, 9T 124401 1A)+T0,223)81%Q128 -
18 TI36 € TISA+0a798)0 T 0T I4AT 3A)069,6325°T (T 2AT13A)+T90,22318)
1 UiV ‘ )

-

14 TI4B.2 TI4Av3, 4744 11T 5AT14A)06,90248#T*(T|3AT | 4A)4T 4], y3022°




Table 8 (continued)
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YL
=

ID TISH B Y15A4304744%T (T {6A®2, *T|SAeT[4A)oT %) 493022°0INS

16 TIEE & TI6A®3+4744°To T 7A2,*TI6A+T|HAI*T*|493022°QINS

17 T170 € T17A¢304744°T0TiBA2,°T17AeT)0A)¢T*}»93022¢0INS

16 Ti€En ® TlBA06-93245'T'(T|9A-T|8A)¢3o4744'1'(7|7A-T|8A)*T' 1.93g22°

| CINS

YT T SR T I 79A S Tt Iz TS TZe 8 T ST T U T T8 A T Ok o T4 3558483
1 C9ss ‘ , _ . ,
UV & K - -

2U1 TIFEW & VeT
21 TIreEM = TIM
1F(v=R) 29,

EH.ﬁnl
22+ 35

=30 IFtVv=<¢ 'Ry
$1 IF(V=d,*R)
82 IF(Vad,*R)
S8 [Fty=d,*R)

_— 1 lF(V-b *R)
3o IF(V-/ *R)

424 {x 1l

26022032
29022, 33°

29022:384
29022:3%
290122036

TSUTIFIVEETYRY)
37 IF(VeY,*R)

TTSBTIF (Ve 10y *R) 29,2229 T T TTT T oo

29i22+ 37
29022,30

22 MRITELS|,1000)¢K,»TIMEH, TINEM)
23 WRITEL51.20000¢T!, Tae.r:ﬁ.rna.rsa.rbaot78.Taa 193.T1nﬂ.111ﬂ‘1128
i 1|1B.T|43.1159.1uoa.tu7&.1uae.t.9a.rzu)

T2A = T28

"TSA & T3R ~

T4A = T48B

[ Y'KY
. lF(V-lo.'R) ?9.25025
29 K g K¢) —omoom = meoe e —

L) ot i <

PSR

—Tyrw—T%8
T62 = T6B
T72 & T78
T&s = T88
TY2 = T9B
TIOA = TigB

TR = T1718
Tiza = TI28
TI3A
CT14A
TIEA
TIEA TiéB

T148

TI38 -

TiS8 -

——F T8
TIEA = Y188
“TISA = Ti98

ay 10 100

25 CONTINUE

(Y FOGHAT(24H|NUM8ER oF lTERATlUNS e .16/?4H ELAPS&D TlHt (HOURS) = ,

TFTT. 67777

__—_1_—rTU_K726ﬂ_EtT?ﬁEn'TTHE_TﬂTﬁUTEST_’

200U FORMAT(IGHKCELL TEMPERATURES (DEGREES-F)/6HOT| ® +F8:3:3Xs5nT2 &
IFB,3,3XoSHTI = ,FBe3s3XoSHTE & »FB,3,3Xs)5HTS = 2FB8,3/6H T6 & ,F8,3
203Xs5HT7 = LFUB,3823Xe5HTE = »F8, 303XOSHT9 & sFBy3,3Xs5HT 0% »FE.3/
SOH THIT sFB,3s3Xs5HT 128 ,FB43,3X,5HT|SE 0780353xo5ﬂ7|4' oFB.3,3Xs"
ADHT 5% DFB 6/°H T168 sFB.3+3Xs5HT |72 2FB,323X»5HT B0 'FBoSOaXo

=Pl

Svuy POFMAT(EHDGRAD ! oFl0o4o|5H (BTU/HR'SQ £y
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Fig. 4. Temperature Distribution .in. Proposed Reactor Room Wall

With Internal Heat. Generation,Rate Maintained During Loss-of-Wall-Cool-.

ant Transient Period.
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: - 5. CONCLUSIONS

- Two basic conclusions may be drawn from the results of the parametric
studies made in this investigation of the proposed configuration of a
laminated wall to protect the concrete biological shield from the gamma

.current within the room housing a 250-Mw(e) molten-salt breeder reactor, a

fuel-salt-to~coolant-salt heat exchanger, and a blanket-salt-to-coolant-
salt heat exchanger. The first basic conclusion is that with air used
as the wall coolant, the proposed configuration is acceptable for an
incident monoenergetic (1 Mev) gamma current of 1 x 10'2 photons/cnf * sec
for all cases considered in which the thickness of the firebrick insula-
tion was 5 in. or more. A second basic conclusion is that the proposed

configuration is not acceptable for those cases considered with an

incident monoenergetic (1 Mev) gamma current of 2 x 10'® photons/cnf :sec
because the maximum allowable temperature of the eoncrete (212°F) is
exceeded by 50 to 100°F. The values of several of the parameters of
interest in this study that were obtained from the cases analyied for

a gamma current of 1 x 102 photons/cu-sec are given in Table 9.

Based on the assumption that the floor and ceiling of the reactor room
have the same laminated configuration as the walls, giving a total '"wall"
surface area of 8276 ft3, the pronosed wall configuration will allow the
conduction loss from the reactor room to be maintained at a level below
1 Mw if the thicknessvof the insulation is 5 in. or more. Further,

‘based on an air veiocity ofVSO_ft/sec and an air coolant channel width

- of 3 in., air is an acceptable mediumAfof cooling the wall.

A generel conclusion tnat may besdrawn from the limited analysis
made of one transient-condition case is that if the ambient temperature

of the reactor room remains at approximately 1100° F, the proposed con-

figuration of the reactor room wall studied in this case can sustain a
loss of coolant air flow under the conditions described in Chapter 4 for
approximately 1 hour before the temperature of the concrete begins to

) exceed 212°F. If a zero incident gamma :current is assumed the

gﬁ; "permissible" loss-of-coolant-air time is greater than one hour but less

than two hours.




~

Table 9. Range of Parameters of Interest in Studies Made of Proposed Wall With An
Incident Gamma Current of 1 x 1012 photons/cnf * sec

Parametric Conditions

Variable of Minimum  Maximm  Yr  Lps Lgs — Le Ts
Interest : Value Value (i1n.) _ (in.) (in.)  (ft) - (°Pm
Skin AT,°F | 0.021 10 4 2 a a
v . ' 0.22 2.5 2 4 - a a
Insulagioh o 726 - 2.5 4 2 8 50
AT, “F ‘ A : 906 - 10 2 a a ‘a
First steel o 2.38 10 2 a a a
shield AT, “F 10.9 2.5 4 2 a a
Second st‘eelro |  0.08 : 2.5 4 -2 3 70
shield AT, C 1.1 2.5 2 4 -8 50
Air vertical tempera- | 0.77 10 2 2 -3 70
ture gradient, F/ft - _ 1.57 2.5 . &4 2 .8 50 w
T ,°% C126 10 4 2 3 70
c max - ‘ e N v
(<212°F) - : 205.6 5 2 2 8 50
Xp max» Et . _ 0.11 5 2 4 3 70
(T ., < 212°F) i 0.58 7.5 2 2 8 50
MWL, Mv : ‘ 0.096 10 4 2 8 50
: T 1.32 2.5 2 a a a

8This . parameter has little effect in combination with the other parameters giren, and .
the values of the variables of 1nterest are essentially the same for various values of this
parameter.
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If a wall of the type proposed is used, the temperature of the con-
crete, Tc, or the conduction loss, or both, can be controlled to some
extent by varying the physical characteristics of the wall. The thickness
of the insulation can be increased, but the desirable effect approaches
a limit rather rapidly. As the results of our parametric studies have
indicated, an insulation thickness can be reached that will cause con-
duction back into the reactor room. The total thickness of the mild-
steel gamma shields can be increased with good results up to the point
where the gamma current is reduced by several orders of magnitude.

After this point is reached, adding more steel for gamma shielding does
not produce sizable changes in the maximum femperature of the concrete.

A total of approximately 6 in. of steel is sufficient for an incident
monoenergetic (1 Mev) gamma current of 1 x 10*% photons/cof -sec. The
thickness of the mild-steel gamma shields should be arranged so that

the major portion of the steel is on the reactor side of the air channel.
Placing the major portion of the steel on the concrete side of the air
channel results in the undesirable effect of raising the maximum tempera-
ture of the concrete. Shadow shielding of the particular components
within the reactor room that may be causing a large gamma current appears
to be a better solution than increasing the thickness of the wall
laminations for gamma currents greater than 1 x 10'2 photons/cnf - sec.

When sufficient information becomes available, an overall energy
balance should be written, starting with the fissioning process in the
reactor and extending out through the wall of the reactor room to an
outside surface. This balance is necessary to determine whether or not
a conduction loss of 1 Mw will permit maintenance of the desired ambient
temperaturevwithin the reactor room without the addition of aukiliary

cooling or heating systems.
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Appendix A

EQUATIONS NECESSARY TO CONSIDER A MULTIENERGETIC GAMMA CURRENT

The equations detived in Chapter 3 of this report were based on the
assﬁﬂption thaf'the incident gamma current is monoenergetic. If the
energy distributidn of the inéident'gamma current is known, this current
can be represented as a multigroup currént. The equations in which an
incident multigrbup‘gammé current appears, either directly or indirectly,
must be written to account for this segmentation in gamma’enérgy. This
multigroup modification has been made in the folldwing equations, and they
are to be uéed in place of the correspondingly numbered equations in
Chapter 3 when the energy distribution of the‘gamma current is known.

The subscript i denotes the energy group, and the terms are defined in
Appendix E. ‘ ‘ ;
Q@) = ;Q%[Aieaiuix + (1 - a)e B?uix]e E (A.8)

.
b

] p.x(@, - 1) -p.x(B; + 1)
QUx) = L;Qoi[Aie i + (1 - A)e 17 ] ) (A.9)

Q= LES u - (A.9a)

oy I[-Ai (1. M . D)
. ai "

R - 1yE (L-e
T by [ 2 |
' (L~4A) , ~u.x(B, + 1)
-~ A4 o 1
. T 1.)2“"15. ¢ )]
e oA ‘wl@, - 1) 1-A ~u, LB, + 1)
xl_ "1 g By i HimPy Y

L@ il )+(B +1)="1"e i

i "A' TLEL i
: o ‘ (A.12)
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S oy Ay uyx(@, - 1)\ py(l = A) ¢ =px(B; + 1)
" wFE D e e e |

1 | T T
i e " 1)) 1- A (1 u uiL.SBi +_‘ 1))]},  (A.13)

At e

-Q, o A w,L(o, = 1)
1)1 i 1\
= L(T TL) + li'kui {I[(ai: 1)3(1 - e )
-4y w, L@ 1
i 1% L
+ W(l - e )]} (A.14)
pex(a - 1) ~ugx(B, + 1)
q'l“= ;{I :Qoi[Aie, + (1 - Ai)e_’” - ]dx . (A.16)
QB a uL(a,. - 1) -4 o L(B, + 1)
q —Z!-—i[ i et -1 ———— i ]X (A.17)
T i|p.i(ai.-1) ) +1)

‘(Qo \

ON ’

o “E(j))i
.-'Qog'n.\‘

o T ), T apm) ! (A.182)
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Uy + D, = (qo(j + 1)1)(”50 + 1)1) ’

Uy + n - z Qo(_j,+ D, - (qo(j + 1) )(uE(j + 1)1) (A.18b)
.‘.II o 1 J 1" : l-li(l - Ai)
dx x =0 = 'I—‘;'(TG - TB) + Z L (a - 1) (Bi + 1) »

1 Ai o :I.Lc(ai -1)
"L | - D? (1 -e }

(1 - A, ) p.i C(Bi +.1) 5 .
,*""'—‘5( B, * ) ( e ) . (A.27)
5 T(" + 1:4, h +
! Lss + =€
1 "k k
Ss c
| Q
L o(c) 2L..9
= (7757 |B + BT, + g + = A.29
{3 Z 1) 3 qSS _LSS , Lc ’ ( )
o kTR
’ SS c
where | |
o w@-A) A 1 A wL (@, - 1)
B .='\ ] +1) - (ai_-“i)‘ "I '——-—-smi D (1 - e )
W=-4) ,  -uL (B, +1)
i’ et
+ (ﬁi+ 1)5(1 - e )}




44

Appendik B .

EVALUATION OF THE CONVECTIVE HEAT TRANSFER COEFFICIENT

The average convective heat transfer coefficient, h, for the walls
of the air qhanne;vwaéfevalugged"py using the expression published by
Kreith.! - - ‘

_ k o o0.mpa/s.
R

where

k = thermal conductivity of air, Btu/hr-ft-oF, )

H = vertical length of the air chamnel, ft,
ReH = Reynolds number evaluated at the top of the air channel, and
Pr = Prandtl number evaluated for air. ‘ '

The Reynolds number evaluated at the top of the air channel,

Reu = Hﬁﬂ ’
where -
U = the bulk air velocity, ft/sec, o
p = density of the air, 1b/ft®, and
B = viscosity of eir, 1lb/ft*sec.
The Prandtl number evaluated for air,
Pr=#—:zp',

where Cp = the specific heatrof air at a constant pfessure, Btu/lb'oF.

In the range of temperatures considered, Pr is approximately constant

and equal to 0.72. Kreith's' expression for h was evaluated for various
'air-wall mean temperatures in the air channel, and the results are

on the following page.

1 Frank Kreith, p. 286 in Principles of Heat Transfer, International
Textbook Company, Scranton, Pennsylvania, 4th printing, 1961,
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h
(Btu/hr- £t2 - °F)

5,15
5.04
5.04

The meéhvtemperéture of the walls.of theiair channel is expected to

be approximatély 130 to 150°F, and a value of 5 was used for the convective

heat transfer coefficient at the walls of the air channel.
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Appendix C

VALUES OF PHYSICAL CONSTANTS USED IN THIS STUDY

V¢lues for the gama energy attenuation coefficient, "'E’ the total gamma attenuatien
coefficient, K, and the dimensionless constants @, B, and A used in the ‘l‘lylor bulldup
formula for a gsmma energy of -1 Mev are tabulated below.

: SR ‘
Materisl (££2) (£e72) [+ B A
Type 347 stainless . 6.28" 14,08 0.0895¢ 0.04¢ 8¢
steel d d d : d
Kaolin inlullting - 0.367 0.838 0.088 0.029'! 10~
brick : .
Mild steel 6.308 14.022 0.0895¢  0.04¢ &<
Concrete 1.99¢ 4,554  0.0884 0.029¢ 10

Values for the density, p, specific heat, C_, thermal conductivity, k, and equivalent
thermal conductivity at interfaces of adjacent materuls, k, for materials in the proposed
laminated wall in their order of occurrence from the reactor outward are tabulated below.

c 4
’ 2 P o k x
Material gglcm‘l (lbm/ £e) (Btu/ u’n. n ‘Btu[hr-ft-oﬂ {Bm@r'ft-"gz
Type 347 stain-  7.8° 486.9° 0.11¢ 12.8¢
less steel i 0.159
Kaolin insulet- 0.433% 27.03¢ 0.23¢ 0.15¢
ing brick : 0.298
Mild steel 7.83b 488.8b 0.11¢ 26.0¢
’ : ) 0.0232
Aty 0.060% 0.241¢ 0.0174¢
0.0232
Mild steel 7.83b 488.8% 0.11* 26.0¢
: 0.584
Concrete 2.35¢ 146.7¢ 0.20® 0.54¢ '

“E. P. Blizard and L. S. Abbott, editors, p. 107 in Resctor Handbook, Vol. 3,
Part B, John Wiley and Sons, Kew York, 1962,
bu. M. El-Wakil, p. 223 in Nuclear Power Engineering, McGraw-Hill Book Company, Inc.,
First Edition, New York, New York, 1962,

“E. P. Blizard and L. S. Abbott, editors, p. 116 in Reactor Handbook, Vol. 3,
Part B, John Wiley and Sons, New York, 1962.

. d"Reac;tor Physics Constants," USAEC Report ANL-SSOO, Argonne Nationel Lsboratory,
. pp. 653-657; July 1963. . :

®Frank Kreith, pp. 533-535 in Principles of Heat Transfer, International Textbook
Company, 4th printing, Scranton, Pennsylvania, 1961, -
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Appendix D

TSS COMPUTER PROGRAM

A program -was developed for the CDC 1604-A computer to solve the
equations. (Eqs. 8 through 31) neceseary-to evaluate the proposed con-
figuration of the reactor room wall for the steady-state conditions. As
written,kthe TSS (Thermai Shield Study) program will handle up to five
material laminations, excluding the air channel, and up to eight energy
groups for the incident gamma current. The calculations are performed
in the order described in Chapter 3. For a problem with five energy
groups and sixteen different combinations of laminations (cases), the
machine time is one minute and 45 seconds and the compilation time is
56 seconds. , .

A Newton-Raphson iteration scheme is used to evaluate T, and Xp max’
The convergence criterion for T, is that the right and left sides of
Eq; 29 must agree -to within 0.05, and the criterion for Xy nax is that the
right and left sides of Eq. 14 must agree to within 0.10. These conver-
gence criteria could be made smaller with a corresponding increase in
machine time, But very 1itt1ermore; real accuracy would be obtained be-
cause the program uses the approximate method to calculate the incident
gamma current at each material interface. If more real accuracy is
required, the program could be'modified to calculate the attenuated gamma
current at each iﬁterface and to calculate from this information the
incident gamma current at the material interfaces.

"If a vertical temperature profile were known for the interface of

rtheAreactor room and the skin,ethe»program could be modified to do calcu-
-lations at'severai-pointsrup the'air channel rather than just at the top
. and bottom as it does at preseht. ~Both the setup‘of the program and the
,manner in which the necessary input data are prepared are explained in

~ the following discussion.,

The TSS computer program'ié'set'up for a given physical situation
with a given photon current incident upon the reactor room wall. The

temperature of the inside surface of the wall is fixed at a given value.
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The composite wall is composed of,five,matefial regions, and progressing
from the inside surface outward, these regions are (1) a thin steel skin,
(2) en insulating material, (3) the first steeligamma shield, (4) the
second steel gamma shield, and (5) the concrete biological shield with a
fixed temperature on the outside surface. The 3-in.-wide air channel
placed between the first and second gamma shields is not considered a
material region. By calculating a vertical temperature gradient in the
air channel, the program will calculate at both the bottom and top of
the reactor room wall the e
1, gamma heat generation rate in each material,
2, temperaﬁﬁre at each material interface and temperature changes across'
each material,
3. conduction heat loss from the reactor room to -the air channel,
4. radiation heat transfer rate between the walls of the air channel, °
5. heat in the concrete conducted both toward and away ffom the air
channel, and the :
6. maximum temperature in the concrete and its corresponding location.
The program input deck allows the use of any material in any region
of the composite wall. For a fixed incident photon current, a fixed
inside wall temperature, a fixed inlet air velocity and temperature, and
fixed wall materials, the calculation of a particular case is done by -
selecting all material thicknesses and the temperature of the outside
surface of the concrete wall. At present, the program will allow a maxi-

mum of 32 cases to be run, but it can easily be expanded to handle more.

Preparation of Input Data

- The first set of input data consists of energy-dependent information
pertaining to the incident photon current and to the nuclear properties
of the materials chosen for each region in the wall. The order in which

the information is supplied is given on the following page.
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Card 1. QS1(1), QS1(2), ..., QS1(8). The incident photon current
(Btu/hr-fﬁa) for each of eight possible energy groups.: ’

Card 2. EMU1(1), EMU1(2), «eey EMUL(8). The energy absorption
coefficient (l/ft) in the first region of the wall (the inner skin) for
each of eight possible energy groups.

Card 3, AMUL(1), AMU1(2), ..., AMUL(8). The mass attenuation
coefficient (1/ft) in the first region of the wall (the inner skin) for
each of eight possible energy groups.

Card 4. ALPHA(1), ALPHAL(2), ..., ALPHAL(8). The dimensionless
constant O used in the Taylor buildup formula in the first region of the
wall (the inner skin) for each of eight pbséible energy groups.

Card 5.  BETA1(1), BETAL(2), ..., BETA1(8). The dimensionless con-
stant B used in the Taylor buildup formula in the first region of the
wall (the inner skin) for each of eight possible energy groups.

Card 6. Al(1l), AL(2), ..., AL(8). The diménsionless constant A used
in the Taylor buildup formula in the first region of the wall (the inner
skin) for each of eight possible energy groups.

Card 7. EMU2(1), EMU2(2), ..., EMU2(8). The same as Card 2 except
for the second region of theiwall (insuiatibn); '

Card 8. AMU2(1), AMU2(2), ..., AMU2(8). The same as Card 3 except
for the second region of the wall (insulation).

Card 9. ALPHA2(1), ALPHA2(2), ..., ALPHA2(8). The same as Card 4
except for the second region of the wall (insulation).

Card 10. BETA2(l), BETA2(2), ooy BETA2(8) ., The same as Card 5
except for the second region of the wall (1nsu1ation) :

Card 11. A2(1), A2(2), ..., A2(8). The same as Card 67ekcept for

the second region of the wall (insulation).

Card 12, 'EMU3(1),_EMUB(Z},'...,‘EMUB(SS. The same as Card 2 except
for the third region of the;wa11~(the7first gamma shield).
Card 13, AMU3(1), AMU3(2), ;.., AMU3(8). The same as Card 3 except

for the third region of the wall (the first gamma shield).

Card 14, ALPHAB(I),'ALPHAB(Z), ..., ALPHA3(8). The same as Card 4
except for the third region of the wall (the first gamma shield).
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Card 15. BETA3(1l), BETA3(2), ..., BETA3(8). The same as Card 5 except
for the third region of the wall (the first gamma shield). '

Card 16. A3(1), A3(2), ..., A3(8). The same as Card 6 for the third
region of the wall (the first gamma shield). | | .

Card 17. EMU4(1l), EMU4(2), ...;,EMU4(8). The same as Card 2 except
for the fourth region of the wall (the second gamma shield). Cos

Card 18. AMUA4(L), AMU4(2), ..., AMU4(8). The same as Card 3 except
for the fourth region of the wall (the second gamma shield).

Card 19. ALPHA4(1), ALPHA4(2), ..., ALPHA4(8). The same as Card 4
except for the‘fourth_region of the wall (the second gamma shiei&j.ﬁr

Card 20, zBETAA(I), BETA4(2), ..., BETA4(8). The same as Card 5
except for the fourth region of the wall (the second gamma shield). -

Card 21. A4(1), A4(2), ..., A4(8). The same as Card 6 exéé;frfor
the fourth region of the wall (the second gamma shield). TR

Card 22. EMUS(1), EMU5(2), ..., EMU5(8). The same as Card 2 except
for the fifth region of the wall (the biological shield). o

Card 23. AMU5(1), AMU5(2), ...,,AMUS(B). The same as Card 3 except
for therfifth region of the wall (the biological shield). A

Card 24. ' ALPHAS(L); ALPHAS(2), ..., ALPHAS(8). The same as Card 4
except for the fifth region of the wall (the biological shield).

Card 25. BETAS(1), BETAS(2), ..., BETAS(8). The same as Card 5
except for the fifth region of the wall (the biological shield).

Card 26. AS5(1), A5(2), ..., A5(8). The same as Card 6 exéépt for
the fifth region of the wall (the biological shield).

The format statement for all of the above cards is 8F9.0. Since
only the first 72 spaces on each data card are used, the last eight may
be used for identification purposes. If fewer than eight energy groups
are used, the unused data fields may either be punched with a zero or
left blank. In either case, the energy-summing DO loops subscripted
J, K, L, and N must be changed to correspond to the number of energy
groups used; that is, if there are six energy groups, DO 100 I = 1,6;
and K, L, and N are also 1,6. If the DO loﬁpS’are not changed to.corres-

pond to the number of energy groups used, division by zero will occur. -
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The next set of data entered is energy independent and is assumed
to be constant over the range of temperatures covered in the program.

This information should be given on the two following cards.

Card 27. CON1, CON2, CON3, CON4, CON5, TO, HT, and HF. The thermal
conductivities (Btu/hr~ft-°F§ of the materialé in éaéh of the five regions
should be entered in the first five data fields. The temperature on the
inside surface of the reactor room wall, TO in °R, the height of the
reactor room, HT in ft, andrtﬁé film coefficient on the sides of the air
channel, HF in Btu/hr f2 . F, should be entered in data fields six through
eight. The format for this card is the same as that for the previous
26 cards (8¥9.0). '

Card 28. TA, EPSIL, VEL, ACHAN, CP, RHO, and SIGMA are respectively
the inlet air temperature, oR,'the emissivity of the surféée of the air
channel (dimensionless and assumed to be equal for both sides of the air
channel), the velocity of the air, ft/sec, the width of the air channel,
£22, the specific heat of air, Btu/lb+°F, the density of air, 1b/ft®, and
the Stefan-Boltzmsann constant (Btu/hr-fta-oR?). These values must be
entered according to format 6F9.0, F18.0. Again, the last eight spaces

can be used for identification.

Preparation of Case Data

Once the input data haye'been supplied, one card must be prepared
for each case to be run. This card contains EL1, EL2, EL3, EL4, ELS,
and T6. EL1 through EL5 correspond to the material thicknesses (ft) to

~ be used for each of the five regions in the wall, and T6 is the tempera-

ture of'the external surface of the concrete biological shield in °Rr.
The format 8F9.0 allows nine spaces for each data field and the last eight

spaces for identification. For 16 cases, the cards could be numbered:

'29 through 44. Numbering'is for the user's convenience and isfnot re-

‘quired. The first-DO loop in'the'p:ogram must always be changed to DO

5000 I = 1,N where N is the number of cases to be run. All cases must

have the same air temperature, TA, and the statement immediately
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following DO 5000 I = 1,N must be written to correspond to the air
temperature used. The DIMENSION statement containing ELl(I)]through'
EL5(I), T6(I), BOP(I), and BAM(I) must be checked to see that a sufficient
dimension size is given to allow all of the cases to be run, BOP(I) and

BAM(I) are dummy variables and may be left blank.

Typical Computer Sheets

The assembly of the éontrol cards; deck,rihput data,‘énd.case data
cards for the TSS computer program is illustrated in'Fig. D.1.. Typical
data for 32 cases to be run with one energy group are given in Tablé D.1.
Therouffut data at the bottom of the air channel for one case are given
in Table D.2, and the output data af the toﬁ of the air phannel for the

case are given in Table D.3.

6
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y : . ORNL Dwg 67-12005
% EL1{16), EL2(I6), EL3(I6), EL 4(16), ELS(i€), T6(16) 44\
ELT(15); EL2(I5), EL3(15), EL4(I5], ELS(I5), T6(IS) 43\
EL (1), EL2(14), EL304), EL4(14), EL5(14), TE(14) 42 \
ELINI3), EL2(13), EL3013), EL4(I3), ELS(I3), T6(13) 41 \
ELI(i2), EL2(12), EL3(12), EL&(12), EL5(i2), T6(12) 40\

¥ ELI(H), EL2010), EL3{11), EL4{11), ELS(I1), T6(II) 39\
¢ ,:, {ELI(10), EL.2(10), EL.3{10), EL4(10), EL5(10), T6(10) 38
Vg ELI(9), EL2(S), EL3(S), EL4(9), EL5(9), T6(9) 37
,g: g EL{(8), EL2(8), EL3(8), EL4(8), EL5(8), T6(8) ss\
& \{o © JELI(7), EL2(7), EL3(7), ELA(T), ELS(7), T6(T) 35

EL1{6), EL2(6), EL3(6], EL4(6), EL5(6), T6(6) 34 \
ELI(8), EL2(5), EL3(5), EL4(5), ELS(5), T6(5) 33 \\
4), EL2(4), EL3(4), EL4(4), EL5(4), T6(4) 32\ -
3), EL2(3), EL3(3), EL4(3), EL5(3), T6(3) 31
EL1(2), EL2(2), EL3(2), EL4(2),EL5(2], T6(2) 30 i
ELI(1), EL2(1), EL3(1), EL4(1), EL5(1), T6() zs\
TA, EPSIL, VEL , ACHAN, CP, RHO, SIGMA 28 \ -
CON 1, CON 2, CON 3, CON 4, CON 8, 10, HT, HF 27 -
AS(N), AS[2), = — = = — — — = ~ - as(6) zs\ -
[6ETA 801}, BETAS(2), — = — — - BETA 5(8) 25 -
2), = — — ALPHAS(8)
------ AMUS(8)

- [EMUB(N), EMUB(2), = = = — = = EMUS(8 B
Jasi, 24(2), — = — == —— ==~ A4 (6) -
IBETA 4(1), BETA 4(2), = — — — - BETA 4(8) 20 -
JALPHA 4(1), ALPHA 4(2), = — — ALPHA 4(8) 19 -
JAMU 4(1), AMU 4(2), = = — = = = AMU 4(8) |a\ 1
¥ JEMU 4(1), EMU 4(2), = - — = = - EMU 4(8) n\ 5
i S A3(1), A3(2), = =~ = = = = === A3(8) 15\ 5
& [BETA 3(i), BETA 3(2), — = — = - BETA 3(8 ) -
'? JALPHA 3(1), ALPHA 3{2), — — — ALPHA 3(8) |4\ J-
§ e ——— i
- A2(1), A2(3), = = = = =~ -~ \ 3
p BETA 2(1), BETA 2(2), — — — — —~ BETA 2(8) 10 I
_JALPHA 2(1), ALPHA 2(2), — — —ALPHA 2(8) 9 3
JaMu 2(1), AMU 2(2), — — - = = = AMU 2(8) - e\ I
. JEMU 2(1), EMU 2(2), = — = = == EMU 2(8) N B
. JAI0),AH2), = — — = = = = = = = A 1(8) 6\ y
: |BETAI(1), BETAN(2) — — ~ — — = BETAI(8) 5\ B
JALPHA (1), ALPHA I1(2), — — — —ALPHA I(8) 4\ B
[aMuiI()), AMUI(2), = = — — — — - AMU 1(8) 3 5
: [EMUIN, EMUI(2), — = — = = — . EMU I(8) z\\ B
. [QaSHD, QS1{2), = — — = = = —« — Qs 1(8) u\ E
[% EXEcuTE \ -
) J AAAAAA END \ 5
e 1
\ 3 2
< :

"JFAAAAAA PROGRAMAAAA -
[Ty FIN,L,A,€,6.  |o—el——PROGRAM NAME . -

T | COOP AAAAA, ARAL, AN, AR S \\ r ) o )
| enarce . l : ﬁoum: REQUESTED i )
P :

NUMBER ROGRAM NAME - e
S USER'S INITIALS i .

. Fig. D.1. Assembly of Data Cards for TSS Computer Program.
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_,~.-Table_n.l.“-typicalmhatl Iot 32 Cases With . Oune Energy Group. for the. ISS -
Computer Program

T PREGRAMTYSS

A nlv£usxuu ogprs;a: ;
VENS] 1(8), 1(8), A ] 7 B .,
,,,,,,, JEML2(BY, AMUS(R), ALPHAz(a)a BETA2(8)s A2(8)s EMU3(B)s AMUZ(B),
2ALPHA3(8)Y, BETA3(E)e A3(8)s FMULTB)s AMUC(B)s ALPHA4UEBYs BETA4(BY,"
JA4(B)Y, E*usta). AMUS(B’o ALE“AS!&); BETAS(8), AS(8)

DIVEMSTON ELj(32)s EL2¢32Y, FL3(32), EL4(32)s ECSU32Y, T6(32Y,

a gsor(sz), aancsg;
. IVNENS]EN pDEP (g 2(63y QVita), 20eYe 2067, 0530 ),

10VILR), onspstgio 0S¢t6)s OVale), ODEP4(6), 0SS5C6), OVS(E), -
20DEPS(6)s BC6), Dit6Ys ET(E)s D2€6Ys E2¢6)s Fi(6)s FEUEYS F3UEYs
_3FTF(6)s SUMLE)s SUMPtE)s R1IC6). REI(6)s R2(6)s RE2(6)

READ ¢Sgs. jO00Y tQST ™ v EMUI T, aMUT T, TALPWAT :"BET]; )
1AL o« EMU2 . AMU2 ALFHA? » BETAZ o A2 , EMUY .,
2AMLS _ s ALFHAS s BETAJ A3 _ » ERUC  , AFG  , ALPHAG.
3851A4 s A4, EMUS AHUS “_» ALPHAS o BETAS , 4§

READ (50, 1060Y(CONT, CONZ, CON3, CON4, CONSe YO, HY» RFY

READ (50e 1001)¢Tae EPSILe VEL, ACHANe CP, RWO¢ SIGHMA)

READ(Sgs 100 (ELTCIYs "EL2TTY, EUICIYe ELQIIY
_____lBOFC(Y), BAM(1), 1=]s32)
€ - BEGIN MAIN FROGRAM

: D6 Sp0p 1%).82
YA = 540,

ELX) = ELIC])
ELX2 = ELE(])
ELX3 = EL3(])

ELX4 & EL4(])
ELXS & EL5(])

Téx = T&(])
ODEPT! ¥ Qo

ODEPTZ * 0,
CDEPY3 = g,

QDEPTS = g,
DDEPT5 L

. lOU 4 € ‘!i

tovi(d) = QS'(J"EHUTTJY‘

2 GDERT(Y) = QVl(J"(((AI‘J)'EXPF(ANUIlJ)’ELK['(ALPHA'(J"‘.)}’I
1AV L T Y CALPRA T T ") T4

21, )))/ta*ultJ)'(Betkl(J)OC 1)) (lal(J))/(AFUI(J)'(ALPHAI(J)-'.!)-

3t|.-Al(J))/iAMU|tJ)'¢serAuca)-..s:s)
3 0S2(J) = 0S)1J)=DDEPIEN)

4 8vz(J) = QS2CIYENUZ ()

5 ODEP2(J) = OVZ(J"(C(Aa(J)'EXPF(AHU?(J)'Esz'(ALPHAz(J)'|.)))I
1EAPUT Y P CALFHAZT T [ (V)= 1 soa2 (VI *EXPF (=4 J
20l.i)’{(AMU2(J)‘(B§TA2(J)*Io’))-((l?lJ))/(AHUZ(J1‘(ALPHA2(J’-|.)’
T30 e A0 I/ CANUCI IV C(BETA2(JINe ] 3D )Y T

6 0S3(J) = 0S1(JInODEPITJ)0DEPZ(Y)

7 QVItJ) & QSI(J)EMUI(JIY -
8 GDEP3I(Y) = QV3t¢ )'(((AS(J)'EXPF(AMUSQJ)'ELXS‘(ALPHAS(J)-|.)))l :
FCAMUS LI *CALPHAZEUI® ) o)) e (] o=a3¢ YY) *EXPF (= aMUSTJ) *ELXIIBETAS(J

3-(l.-AS(J))I(AMUS!J)'(BETAB‘J)OC.3”)
—— ELX8 & ELX4¢ELXY

2%1 . )))I(AHU;(J!‘(BEIAS(J)‘L.)))'((AS(J))I(AFUS(J)‘(ALPHA!(J)OI.i’

QDFIStY) = ovS(J)'(((Ad(J)'EXP?(AMUG(J"EL!G'(ALPHA4(J)~l.)))I
LCAVUSEI)CCALPHAGE I R (o) ) ol (i =Adt ) ) EXPF(eAMUL(J) *ELXE (BETAGCY)

20|.)})I(AHUQIJ!'(BEYAQ(J"I.))i'((A‘(J’)I(AHU4(J"(ALPNA4(J)’Io”
I=ll,eha{ 1))/ tAVU4L ) *C(BEYALCI)o), )))’

CDEP4(J) = QDPTS{JI*QDEPSILY)
—— - ELX4_ & ELXG0ELXY

12 0S%¢(J) = 05!(J)OODEPl(4!-GDEPztJ)-ODEPS(JI-ODEP4(J)
_____ 13_OVELJ) & QSS(JIEMUSLY)

I4 0DEP5(J) & QS5¢4)
5 PY+DREP} ()

16 QDEPYZ S QDEPT240DEP2{J)

b




-

X

53 F14p s 4,°CFi*(T42°3)9CF2
, FUABSF(FT4)=0,05) 56758,55
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Table D.1 {continued)

_17 ODEPT3 = QDEPT3+QDEP3(J)

18 ODEPT4 = QDEPT4«DDEP4(J)
__19 QDEPT5_=_QDEPT540DEPS5(.))
- 100 CONTINUE

¢ BEGIM CALCULATION FOR THE REACTOR SIDE OF THE GHaANNEL
21 OCEN = ((Tp=TA)eQDEPT | ®42,*ELX1/13.°CON|)I+ELX2/CON2*ELXI/CONI 1./
|HF Y=nDEPT2% (2, "ELX2/(3, *CON2)¢ELXI/CON3® |, /HF)=QDEPT3° (2, *EL X3/
_~3¢3.~c9u3ioQ.4@5))/(ELX|IcosloELx;/c042*ELxSIceN3oi-IHVi
22 DELT) = tocnu*y.'GDEPYnls.:'ELxllcﬂN|
c (N¢ CARD NGO, 2%)
24 TOF = TOv460,
25 TiF_s=_ TDF-DELT)
26 DELT? = (nceu+onEPT|~2.'uDEPTzls.x'EL*elceNz
_.R7_T2F = T F=DELT2 T
28 DELT3 = QOCON*ODEPTI*005972’2.'GDEP78/3-)‘ELxSICUNB

29 TIF = T2F=DELTR
30 DELT4 = (GCON*ODEPTI<UD P 2~onEF73)/ur

.31 _TAF = Taw48Q, A
€ CHECK FOR UNACCEPTABLE HEAY CONDUCTISN cunxr: oN

32_1FCONON) 3005233.33

33 CONTINUE ..

34 JF(DELT)) 3005,35,35

35 CONTINUE o

36 IF(DELT2) 3005,37,37

37 CONTINUE i
38 IF(DELT3) 3005,39,39

39 CONTINUE

4D _IF(DELT4) 3005541241

41 CONTINUE
42 81 = 0, i

T BEGIN CALCULATION FOR™ Tns "CONCREYE STDE” or THE CHANNEL

___43 D6 200 k=i,

44'B(x) = (9V5(K)I(AHU5(K)"2))'(((AHU5(K§'(lo'ASlK)))I(| +BEYA5(K))

w(AMUSEKIASEK) )/ (ALPHASEKI®1 ,)) el o ZELXS) 2LLAS(K)Z(ALPHAS(K)»i,)

2°°2) %01 »EXPF (ANUB (KY PELXS TALPHAS(KI "1 4300 ((1veAS(K Te®

3357‘5(K))b-2))-§|,-EXPF{-AMUS(K)'EL&5‘(|.OBETASCK))))))

45 BY = BT+B(K) :

200 CONTINUE

46 CFl e SI3MA/(2,/7EPS]ILwi,)

‘ 47 CFz = HF'|,/(E|X‘lCUNQOELXSICON5$
48 CFI = (TEXSELXS'BT/LONS®2,* LX4'ODEPT47130’CEN4,57‘ELX47C354‘ELR§I

1CONS )Y
49 K9 = 0
C_ - 1TERATION PRocess FOR- 14
50 T4 = TA
51 13_s_13Fed60,

SR F T CF1“1“'11:CF2‘14€€Ft'tﬂﬁ“n7-HF'TivﬂﬁEP*ivCFi-——————- —————

55'74 = TaeFT4/FTap
56 K9 & Koe|
57 66 Y6 5|

S8 COAYINUE
59 ORAD = CFl‘(YS"4074"4)

60 QCCP ® HF*(14"TA)=OVEPY4=GRAD

.61 DBELYS = (T4~TA)

62 DELTS '« (ELXA'ncCP/CUNq)oz.'Equ'anEPquls.'coNfT"'“”"”“'““‘““
63 TAF £ T4=4€0, -

64 15 a3 T4«DELTE
65 T5F & YEe460,

66 T6XF = YéXwdgl, -
c {NC CARD NUMBERS 57'70)

7' X & 0, = el e 2 _._%_-_.,,-_._1._-_;_. —— e
72 K3 = 0

78 1 = @, - T T T e e
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Table D.1 Sconcinueg)

74

SUrY ® Do

c_

87
TTTEETSUrPILY ® eu1E3°n|(L)'Expr¢Et(L)°x’~E§tLS'02Tr7'EXPF(EETIT‘XI

75

76
_7
“78
79
b0
1

SUrPT = 0,

CALCULATION FOR _LOCATION OF MAX]HUM cONCRETE TEHPERATURE

Do 300 L=ill
DICL) = =(OVSCL)*ASEL) I/ CANUSCL) *CALPHASELY =), )2

TETCLY = AMUSCLYC(ALPHAB{LY=14)
DzeLy = avst)-ts.-As(Li;/tanustL:-ta-oesrascL)))

E2tLY. & =aANMUSTL) (1, *BETASC(L))
Py = QVS(L)I((A"U5(L)"2"ELXS)

B2 F2(LY & ABCLYSCEXPFIEI(LYSELXE )=} 3/ L LALPRAS(LY® (oY% %2)

83 F3(LY = (J,PASIL’)"EXPF(EZ(L)’ELXS)*Ic)l((|.OGETAS(L”"Z)

84 FTF(L) = FI(LIS(F2lLISFI(LY)
85 FT & FT oFTP(L)
be'suntLi € DI(L"EiPrlEi1[)‘x’*D?(L)'EXPF(EE(L)’X)

-1

SUMT = SUMT o SUM(L)
SUMPT & SUMPT*SUMP (L)

300
$9

CONTINUE
FX ® (crgxors)lELXS)o(suuT‘FT)ICGNS

T
92

FXF & SUYFT/CONS -
IFCARSF(FX)=go1p) 96.96.93-

93
_ %
98
&

K3 & K3
X & Y FX/FXP

66 Te 73
CONTINUE

C

Y7
98

$¢9

XTHAY & X
SOMT & Q¢

CALanITlON “8F MAXIMUM TBNCRETE™ TEMPERATURE
DE 400 Net, )

101 RjINY € ovscu)-A5(N17I?AMU (N)"Q)'((ILPHASTN)'i it 2 R ]

162 REI(N) & (T,eEXPFCE|CN)® XTHMAX))
] (N) & QVS(NIS(],~ (N? .
104 REZ(N) € (j,»EXPF(E2(NI® XTHAX)) . '
105 SerT & SSHToRI(Ni'REll’T’RziN)'REz(N)OFYPtni‘ XTHAX
400 CONT§NUE . ... -
106 THAX ® T5eXTHAX -¢1ex-rs’/euxs.senr/cens
107 IMAXF = TMAXed6D,
T CALCULATION ®F ZTR TEMPERATURE AT TOP BF XTR CRANNEL
——108 DEITOL = (ODEPY|¢QDEPTP*IDEPTIeCPEPT4*OCCP*ORADCOCONI/EVEL *ACHAN®
ICP*3600, *RHO) o , -

108! WRITE(51,20073¢1)

134
IIO

IF (X7=1) 1121,499904959

..3000 HRITE(SJ-20DO’(ELXIoELX2.ELX3oEL*4-ELXSQTGXFnTAF)

To2F,T13F,Y¢E,15F)

3001 HR!TE(5|c2002)(QDEP;|oODEPTaaODEDTSoGDEPTd.ODEPTSoOCEPiﬁﬁ AD,OCONY
2w ) £ .

3063 WRITE(5),2004) (DELTI, ;
___300s_ HR!{E(5|.znn;)QJHAXF.X?MAX.DELIOL)

K7 = K7¢}
1F(x7=2) lll¢50001_§00

TA = TA¢DELTOL KT

!02 Go Ye 210

S 080
4999 WRITE(S5)1,2009)

1121 WRITE (51,2008)

Go_Ye= 300

Go_Ye 3000

- 3005 ?RITF‘SI.2007’(I’

F (%7=1) 4005,4006¢4006

4005 WRITE(S|,200R8) -
HR!TE‘S[:ZOQQ)(EL_lOEanaELX;.ELXq-ELXs.TeXF.TAf’-

4006 WRITE(S51,2009)

6o T S000

' deTFtslnzune)(ELXIOEsz-ELXSoELXQ.ELXSoTé FaTAF)
5000 COATINUE

1000 FernaT(EFS,C,8X)
1001 _FORMATCEFS,0,Fi18.008X)
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Table D.1 (continued)

2000 FORMAT(S3IHKTHIS CaSE HAS THE FOLIOHING PHYSICAL CHARACTERISTICS »

_ 1777 30H LAMINATION THICKNESSES (FEET) / BHOSKIN ® ,F6,3,5X.9H INSU
2L.s 0F603OSXDI5H FIRST STEEL = +Fg:3» 5XO]6H SECOND STEEL = ,Fg.3»
__ 35X%e12H CONCRETE = sF643s 77/ 26H EXTERIOR CONCRETE TEMP 3 sF5.10
T 42X, 12H (DEGREESeF), 14X, 20H EBGLANT AIR YEMP ® ,F5,(+2Xs I 2R (DEGREE
5SeF) /77)

2002 FORMAT(66HKGAMMA HEAT DEPOSITIONS IN EACH SEPARATE LAMINATION (BTU
_§/HR=SQ FT) /RHOSKIN = sF0,3,2X,94 INSUL = ,F9.3,2X, 15H FIRST STEEL
"2 & 4F9.3.2X, 16K SECOND STEEL = »F9.3,2X, 184 CONCRETE (TOT) = ,F9,3
3/24H RETURN FROM CONCRETE = ,F9,3,2X,27H RADIATION HEAT TRANSFER s
4 2F9,3,2X,37H CONDUCTION LASS FROM REACTAR RGOBM = ,F9,3 ///)

2003 FOFNAT(SSHKINTERFACE TEMPERATURES (DEGREES~F) /2)HOREACTAR RAQMaSK
1IN 2 oFGe3,515%, 1 4H SKIN=INSUL = .r9 3+15X,21H INSUL=FIRST STFEL =

. 2sFS, 3 /19N FIRST STEEL=AIR = sF9.3,13X%,20H AIR»SECOND STEEL = ,
‘3F9,3,13X»25H SECOND STEEL=CONCRETE = »F9,3 ///7):

2004 ronnATtszuxvgnth;ruae DROP ACREBSS EACK LAMINATIAN (F-D&GRF&S) /
ISHOTO=T| & sF9,402Xs 9H T|=T2 & ,F9.422Xs9R T2°T3 ® +1F5,4,2X, 97 13
2=TA 8. ,59,4,2X,6H T4=TA 5 ,F9,4,9X, 94 T5=T4 = yF9,4 //7)

200% rounAttsenanXlMUM CONCRETE YEHPFRATURF z .r9.3'2x..2H (DEGRFES=F)

. 178%H DISTANCE FROM ancReTE-GTEEL INTERFACE TG LACATION OF MAXIMUM .
2 TEMPERATURE IN CENCRETE = ,F7,.4 12%, 7H (FEGT) /748H VERTICAL TEMPER ™

. SATLRE GRADIENT OF COALANT AIR = ,FA.422X,|5H (DEGRFES/FOBT)Y ) . ;

2006 FORMAT(S53H|THIS CASE HAS ‘THE FOLLOWING PHYSICAL CHARACTERISTICS

1477 30H LAMINATION THICKNESSES (FEET) /8HQSKIN % »F6.3,5Xs0H INSUL
Q% SF6,3,5Ks {5H FIRST STEEL & ,F6.3,5Xs16H SECOND STEEL = ,F6, 3

L Bixljgﬂ_gﬂNCRETs = oF6e30 //7 26K Exrsnxun CONCRETE TEMP ® ,FS5, s
42X, [2H (DEGREES»*FY,14X,20H COBLANT AIR TEMP = ,F%8,7,2X,i2H (DEGREE™
5SwF): /47 93Hp THIS CASE GIVES HWEAT CONDUCTION BACK INTO THE REACTO

~—-=" §R" REBM—AND TS THEREF ORE-NOT ACCEPTABLE )~ -

2007 FER ﬁé;!b
2008 FORMA td?chAECUEATIHN AT BOYTGN 6F AIR CHANNEL)

2009 FURMAT¢34NKCALCULAT!GN AT TOP OF AUR CHANNEL)




e evemmie e e e meen e me e TAD1@ De2....TS8. Output .Data_at the. Bottom of-the Air_Chammel for.One.Case IR
CALCULATION AT BOTTEM OF AIR CHANNEL

YHIS CASE HAS TKE FOLLOWING PHYSICAL CHARACTERISTICS - ) T T T T T T T e e
LAMINATION THICKNESSES CFEEY)- . :
SKIN e ,005  INSUL s 208 FIRST STEEL's  ,2%0  SECOND STEFL ® ,250  CONCRETE i 8,000

EXTER1OR CONCRETE TEMP = 57,0 (DEGREES'F’°"f"_"“'"“’—EUBKINY'11R'Yéﬁ?"3'7”376"—'TUFGREE3¥FY

—— L SOU [ [ - c—

TUAnnl—nsxv“usrosr?rBNS'tN“Ewcn'SEpARxYE"cnnxu:riUN"wavurua-so~r7i~m"**-j""“- : — ‘ ‘
-sktw--—-—1ﬁ1ﬁ1g-—-1ﬁeﬂt—i-—-a?vaee-—-f+ﬂs1—ﬁ1efﬁv--—aa+1ea4———seee«a—s%eﬁe-b—+-—aév4f3—+-sa«cae#e—+¥e¥+—o-—-aov4es-
_RETURN_FROM CONCRETE ® 27,470 RADIATION WEAT TRANSFER = 172,6(8 _ CONDUCTION LOSS FROM REACTOR ROOM » . 8330620

8¢

_INTERFACE_TEMPERATURES (DEGREESeF) e . o
~REAC19§“REQﬂfSK!ﬂ“§NF(iQﬁ,UOD SK!N-lNSUL s |°99q779 : INSUL'flRSY STEEL s 30lo936
FIRST STEEL-AIR & 203,888~ " AIRsSEGOND STEEL ®  jAT.y62 T T U SECOND STEE[SCONERETETS 47,658

TEMPERATURE DROF ACROSS EACH LAMINAYIBN (F-DEGREES)

“MAXTHUN CONCRETE YEMPERATURE &  |5B1618  (DEGREES®F)
DISTANCE FROM CENCRETE-STEEL INTERFACE TO LNACATION OF MAXIMUM TEMPERATURE [N CONCRETE =  ,5153  (FEET)
VERTICAL TEMPERATHRE GRADIENT OF COOLANT AIR = = |+5649 (DEGREES/FOOT) T e

(] ( » ’ . L] T . . . - : : ) . B 3 ‘(44-‘,'“
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rablo b.3. !ss Qutput Data at the Top of the Air Chammel for One Case

CALCULATION AT YOP OF AYR CHANNEL

THIS CAsE WAS THE roLcoust'pnvslcxt“buunacfenisrics"“

LAMINAYION THICKNESSES (FEEY) }
SKIN % 4005 INSUL = 4208 FIRST STEELiw 250 SECOND STEEL = ,250  CONCRETE & 8,000
'EXTERTOR CONCRETE TENP # 50,0  (DEGREESAF) TCOOLANY AIR TeMP = (75, (DEGREES<F)

"ﬁ"ﬁﬁK”HEKT_ﬁEFB§T?IﬁNBfTN"ETCﬁ“SEPIRIYE"CIHTNW?iﬂN"TBfU7HR§5°~F1)

LI ‘ ’ : v v

BEIQRNMEROQMSQNSBEIIL:;M".B11932_”MBADLAIlUN-HEAI_TRANSFEB0!"“_ZDQQRL[‘”CONDQCTlGN;LQ§§_ERQ”“R§ACTﬂkwﬂgpﬂnfmn_iﬂélili

INTERFACE YEMPERATURES' (DEGREES=F)

_REACTOR RNOMsSKIN = [100,000 SKiNaINSUL ® 1099,798 ___INSUL®FIRST STEEL » 367,192
FIRST STEEL-AIR = 389,547 ATR=SECOND STEEL & 228,462 ‘ . SECOND SYEE_"CONCRETE = 228,902

_ - ‘ ’32 - ; 4292 SR I4S— 15w 4
MAXTMUN CONCRETE ?EW’ERI'URF 935 49y {DEGREESSF)

nls Auce FROM CENGRETE=STEEL INTERFACE TO LACATION OF MAXIMUM TEMPERATURE [N CONCRETE = ,3568  (PEET)
VERTICAL TEMPERATURE GRADIENT OF COOBLANT AIR = |.5440 (DEGREES/FOOT)
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Appendix E

NOMENCLATURE

dimensionless constant used in the Taylor buildupﬂequation"
unit ares of reactor room wall, f¢2 v

specific heat at constant pressure, Btu/lb:°F _

energy of incident gamma current, Mev

vertical length of air channel, ft

convective heat transfer coefficient, Btu/hr'fta°°F

thermal conductivity, Btu/hr-ft-oF ‘
equivalent conductivity where the subscripts a and b refer fo'
any two adjacent materials : '
thickness of a material lamination :
width of air channel (distance between adjacent surfaces of
first and second steel gamma shields), ft o
heat conduction rate out of the reactor room to the air chanhel,
Mw |

volumetric gamma heating rate, Btu/hr-ft®

heat conduction rate out of the reactor room td?the air channel,
Btu/hr- £t2 ‘ '
rate at which the gamma heat generated in the concrete is con-
ducted back toward the air channel, Btu/hr-ft®

rate of radiant heat transfer bgt&een the walls of the air channel,
Btu/hr- £12 |

temperature, °F L

bulk velocity of coolant air, ft/sec :
distance perpendicular to the surface of the reactor réom wall,
ft 7
dimensionless constants used in the Taylor builkupfequation",
surface emissivity of walls ofiair channel | N
time, hours | _

total gamma attenuation coefficient, ft-!

gamma energy attenuation coefficient, ft-!
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o

]

density, 1b/ft®

Stefan-Boltzmann constant

Q
i

% incident gamma current, photons/cu?'sec

Subscripts Used With Terms

0 through 6 = numbers denoting a lamination interface as illustrated
in Fig. 2 and usually associated with temperature, T

= air

= concrete

insulation

= energy group

= lamination

N e He o 00®m
it

= skin lamination on reactor side of wall
- : FS = first steelrgamma shield

' SS = second steel gamma field
total

-
]




.
L )

&

-
3
-




wy

B T4

a¥

11.

13.
14.
15.
16.
17.
18,
19.
20.
21.
22,
23,
24,
25,

61.

62.

63-77.
78.

Bender

E. Bettis
S. Bettis
G. Bohlmann

B. Briggs

. K. Crowley

L. Culler
J. Ditto

G. Duggan
A, Dyslin
E. Ferguson

F. Ferguson

C. Fitzpatrick

H. Gabbard
R. Gall

R. Grimes
G. Grindell

N. Haubenreich

W. Hoffman
R. Kasten
J. Kedl

H, Lleweliyn
E. MacPherson
E. McCoy - .

63

Internal Distribution

26, R. L. Moore

27. H. A, Nelms

28, E. L. Nicholson

29, L. C. Ozakes

30. A. M. Perry

'31. T. W. Pickel
32-33. J. R. Rose
34-35. M. W. Rosenthal

36. Dunlap Scott

37. W. C. Stoddart

38. D. A, Sunberg

39. R. E. Thoma

40, H. K. Walker

41. J. R. Weir

42, M. E. Whatley

43, J. C. White

44, W. R, Winsbro

45-46,

ORNL TM-2029

Central Research Library

47. Document Reference Section
48. GE Division Library

© 49-58,

Laboratory Records Department

59, Laboratory Records, ORNL R. C.
60. ORNL Patent Office

External Diétribution'

P. F. Pasqua, Nuclear Engineering Department, University of
Tennessee, Knoxville, Tennessee :

L. R. Shobe, Engineering Mechanics Department University of
Tennessee, Knoxville, Tennessee '

Division of Technical Information Extension
Laboratory and University Division, USAEC, ORO




	home: 
	HELP: 


