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Calculations were made. to determine the radiation hazard to HRT personnel
as a result of leakage to “the atmosphere from the ‘process steam system in
the event of & hesat exchanger tube rupture.. These calculations show that
with the present four-minute delay before dnmping apprdximately 1020 1b of
fuel solution may be transferred to the steam system. The radiation hazard
from fission products in the atmosphere will be negligible if the steam
killer blower is operating. If this blower is not operating, a natural
convection loop will be set up in the steam killer which will have a con-
densing capac¢ity of 4 lb/min of steam at atmospheric pressure. In this
latter case, the inhalation hazard will be negligible when the leak xrate

through the .steam "stop" valves‘is less than 4 1b/min. : |-
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agency thereof. The views and opinions of authors expressed herein
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or contractor of the Commission, or employee of such t;ontrucvor_ prepares, disseminotes, or
provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.
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Discussion‘of Results

At the start of HRT Run Number 18, the process steam system had 1eakage of
about 0.5 liter liquid Hgo/min from each of the quick closing steam Stop
valves (No 537 on the core system and No. 538 on the blanket system).

the event of a heat exchanger tube rupture, leakage from these valves could
flow directly. to the atmosphere through the pos51bly open steam vents on the
steam killer. An estimate was réquired of the maximum permissible leakage
rate from the system based on maximum permissible radiation exposure of the

personnel

Under the present dump system at the HRT, approx1mate1y“four'minutes'are
required between the initiation of a dump by the steam activ1ty monitors
and the actual opening of the dump valves. The first two minutes delay
is for recombination of the radiolytic gases in the fuel solution The
gas’ concentration in solution, after operation at 5 Mw, to nonexplosive
limits. ~Based on single phase flow through the ruptured heat exchanger
tube approximately 652 pounds of fuel solution could be transferred durlng
the first two minutes. :

The remaining two minutes delay is used to bleed off thé overpréssure.’  With
the same flow assumptions, the total fuel transferred to the steam system at
the end of’ four minutes is about’ 1020 pounds. The amount of fuel solution
required to equalizé the pressure “between the two systems is about 2100 pounds
when an. adiabatic transfer 1s assumed.

Based on the above rate of flow for the four minutes available time for fuel
transfer to the steam system, the allowable leakage was determined for the
following comditions: = = = .. L
1. Reactor operating .times of. 40 and 400 days
2. 25 rem bone and external dose

m3.} 50 rem’thyroid dose

In addition, there are three cases which should be cons1dered before the -
steam can escape to the atmosphere .

Case I. The blower to the steam killer continues operating
at its design flow rate.

Case II. The blower ceases to operate, but a natural convection
loop is set up.

Case III. The blower ceases to operate, and no natural convection
loop is set up. ’

that either a power failure or a blower failure will occur at the same time
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that the heat exchanger tube ruptures. The third case is not expected to
occur at all, but is included simply to show the maximum accident.

If the conditions of Case I exist after the heat exchariger tube ruptures,
there. should be little or no escape of activity from the steam system to

the atmosphere. The calculations show that the temperature inside the

steam killer would become nearly equal to that of the air coolant. 'Thus -
the vapor pressure of the 'steam would be much less than atmospheric pressure.

For Case II, that of the natural convection cooling, the assumption was made

.that little or no activity could escape from the systein as long as the tempera-

ture of the steam condensate leaving the steam killer was less than the boiling
point of water. This is equivalent to asswhing that no steam could escape from -
the steam system until the vapor pressure of steam in the steam killer equaled

the atmospheric pressure. Under this assumption, for steam leak rates through

the "stop" valves of less than 1.8 liters liquid HpO/min (4.0 1b/min), essen- s
tially no activity would escape to the atmosphere. For leak rates greater '
than this, Figures (1) and (2) show the allowable leak rate versus the maximum
allowable exposure time per Mw of total reactor power.~ :

From the figures it can be seen that the hazard due to the bone seekers may

be neglected in comparison with that from the iodine. This occurs because

the heat exchanger was assumed to have a 90% entrainment separation efficiency;
thus, most of the entrainable fission products would be left behind in the heat
exchanger. These include the bone seekers. For the iodine it was assumed that
the iodine bed had removed 88.12% of the equilibrium iodine buildup in the fuel
solution, but that all of the iodine that was transferred to the steam system

~ went directly to the vapor phase.

For Case III, in which it is assumed that no natural convection cooling occurs,
the steam killer would be effective only in serving as.a further dilution
volume before the final release to the atmosphere. Figures (3) and (4) show
‘the allowable leak. rate versus maximum allowable escape time per Mw of total
reactor power when it is assumed that there is no further accumulation of
steam in the steam killer and that the steam vapor pressure in the steam

killer is atmospheric.

To 'show that the whole body dose due to extermel radiation is negligible in
comparison with the ingestion dose, three cases wereuconside:ed; The first
cdsé assumed that the vent behaved as s steadily increasing point source with
a man standing directly below the vent. The second case assumed that the

man was standing in the cloud at the point of maximum ground concentration

as given by Sutton's equation. The results of. both of these cases are shown

in Figure (5), from which it can be seen that they are negligible in comperison
with the maximum ingestion dose for the same exposure time.

The third case considered was the exposure due to radiation from contaminated
steam and condensate piping. Figure (6) shows the exposure time pér Mw of
reactor power required to give 25 rem external dose as s function of distance
from long lengths of steam or condensate piping.



Estimate of Fuel Leakage into Steam System when a Heat Exchanger Tube Ruptures

The HRT steam system is designed with a radiation monitor between the heat
exchangers and the steam drums. which will initiate & dump when the steam
activity shows the presence of fission products. The only immediate action
toward“aumping“is the ‘closing of the steam valves. Before the’ ' Qump valves

,are actually opened, the system is provided with a two minute delay for ~
‘internal recombination of radiolytic gases and & two minute délay to relieve
the” overpressure through “the pressurizer bleéd valves: Thus thererare: ,appProxi-
mately four minutes available for fuel to flow into the steam system before the

dump valves are actually opened

At the time of the break thé”fuel system will probably be at a pressure of '
1500 psia ‘and the steam system pressure 'will be about- 627 psia’ corresponding -
to a'steam temperature of ‘49IOF. " Although the actual flow through the ‘ruptured
tube will probably be two-phase flow, s1ngle-phase ‘flow.is assumed for this
calculation: The actual flow rate will thus be lower than the rates calculated
here, but by not more than a factor of two

Assuming ‘that the ruptured tube looks like a flow nozzle, ‘the flow through
the tube is given by:

(1)

where, C = Discharge coeff1c1ent > 0. 82 ;
P = Density of discherging fuel, 53.0k4 lb/ft3 at 27o°c \
AP = Pressure dlfference, lb /ft
G, = Comstant, 32.2 1b,/1b:£t/sec?
W = Mass flow rate, lb/sec , |
&, = Cross-sectional eres of heat exchanger shell, £t° -
A2 = Qross-sectional area. of‘heap”exchanger'tube, = 3.272 X 1O—hft2 ‘

where L <<< Ai and can be neglected.
1l 2



-at 312°C to saturation at 270°C

.|5 ‘

The liquid and_steamAyolumes of the fuel and steam systems are as follows:

1. The Fuel System
a: D0 liquid st T = 270°C, 2283 liters
b. D0 liquid at T = 312°c, 33 liters

c. Deo vapor ‘at T 312 C, T5 liters

J2. »The Core Steam System

a. Hy0liguid at T = 491 F, 862 -3 ilj_cers

b. H20 vapor at T ='h9l F, 2206.9 liters

3. The Blanket Steam System I ' N
& H0 liquid st T = 491°F, 866.9 liters

2

b. HL0 vagor at 7= 491°F, 1599.2 liters

L. The liquid volume 1n “the fuel system at a lower elevation than the heat
exchangers o =

a. e core vessel at 1 = 210°%, agh Liters
b, The blanket vessel at T = 270°C, 1562 liters

c. Piping volume at T = 270°C, ~ 161 liters

5. The:nbndrainable liquid in the blanket pressurizer.at.2TQ?C, ~ 13 liters

There will be Two conditlons of flow from the fuel” system, one in which the
fuel system pressure 1s greater than saturation pressure ‘and the other in”

' which the pressure is saturation” pressure. “The’ first condition will exist

until enough fluel has Teaked into the héat exchanger §6 “that™ the increased
vapor volume in thé flel system has cooled the pressurizing liquid and vapor

Assuming an’ adiabatic expans1on the ‘following” equation applies to" the liquid

‘and vapor in the core pressurizer at the original temperature of 3127¢C:

(v .vL)

hT B+ —T n - (2)

g



Heat content of liquid and vepor in the

0

where, o hT :
- pressurizer, Btu/1b
* hy h, = Final heat content’ in pressurizer at
18 p=570°C, Btu/lb, (n, liquid; hg., liquid
B to vapor)
Vo Vps vfg Flnal spec1flc volumes in pressurizer at
; T = 2709C, “f£3/1b. |- (Vs total; v, 1iquid)
Vege liquid to vapor)
g
"Original'conditidns“j'V(ft' """ (ft3/lb)" W(lb)' h(Btu/lb) CH(Btu)
Liquid D0 at 312% 1.17 0.02125 50.80 589.7  2.996:x710
I, O 2,65 e 10063 1.163 x 10
aYéPé?,Paé.é?Ls%?.q...<._3i32.A ° 2%9%?4,_.61';3 , ;99u'7 4.159 x 10%

G ' .Solving for VT

of equation (2) and using the properties of

Vo

D0 at 270°C,

= o.15691 £

from which the expanded vapor volume is:'

N

is:

= (9.64 - 3.82) 53.04 =

V.= Wv

P iy = 9.64 ft

Y - -

The mass qf.fue1 solution removed from the fuel system during this expansion

308.7 1b .

The avallable mass of fuel solution at an elevation ‘higher than the lowest
heat exchanger tube. is from the previously listed system volumes,

.W )

253"
28.32

b'q 53.0h =

h73.9 lb .




’ Thus, if the flow through the broken tube is fast ‘enough 308.7 1b of fuel
solution can flow into the heat exchanger before the saturation pressure
~at 270°C is reached in the fuel system. 4

In the core steam system the final pressure after the dddition of 308.7
1b- of fuel solution at 270°C can be calculated using equation 2, the core
steam system volumes and the heat contents of the systems.. Doing this the
final pressure and temperature are 656.3 psia and 496°F, respectively.
Similarly for the blanket steam system the pressure and temperature are '
65h 3 psia and 495.99F, respectively.

The addition of the remaining 165.2 pounds of fuel abqve the level of the.
heat exchanger tubes to. the steam systems will cause the. final Pressure and
témperature to be 668.7 psia and 498°F, "respectively, ih the ‘fuel steam
system and 662.7 psia and h97°F in the blanket steam system.

Using equation (1), where AP is defined as the difference of the average
rressures’ in the fuel system and the respective steam system, the flow rates
can be calculated.

1. TFor a ruptured core heat exchanger tube

a. Flow while fuel system pressure is greater than saturat1on
pressure at 270°F
o Average'pressure in fuel system = }299_%%§92.__1153 psia

Average preesure in steam system = éé&—é—i—égl 640.7 psia

AP = 1153 - 641 = 512 psi = T.377 x 0% lb/ft .
From equation (1), W= 4.26 1b/sec.
The time required to flow 308.7 1b is then,‘

_ 308.7 _ | .
t= m— 36o2 sec.

b. TFlow while fuel system pressure is at saturation pressure

Average pressure in fuel system = 805 psia

Average pressure in steam system = 654 .3 ; 666.8 = 660.6 psis

AP = 865 - 660.6 = 1hk.k psi = 2.079 x 1oh 1b/ft2

From equation (1), W= 2.62 1b/sec.’



The time to flow the remaining available liquid is then,

' h739-3o87 .
t=—S&=xa - 3.5 sec.

heat exchangers ‘into” the’ coré ‘steam’ system is” 67 T seconds Similarly,
for a ruptured blaiiket heat exchanger tube the time required for this fuel
solution to be’ transferred is"72.7 sec. In both cases this is much less
time” than ‘the total delay time of 4 minutes before the’ dump valves are
opened, ‘and at least this ¥73.9°1Ib of fuel solution should ‘be expected to
be transferred to the steam system when a heat exchanger tube ruptures

It is probable that the fuel solution can continiie to flow even after the
#el level inr the twousystems has. ‘reached the lével of:theiruptiired heat"
exchanger ‘tube. This situation is a result of the core and blanket systems
being connected by the hole in thé core “vessel. “The fuel ¢an continue to-
flow through the ruptured tube until .one of three things occurs:

lf The steammsystem‘pressure becones eguaiwto the fuel system pressure.

2. The fuél level in either the coré or ‘blanket system drops to the
level of the _hole in the core vessel.

3. The fdawr minute delay is ended.

Thus, the maximum amount” of ‘fuel that can bé transferred is that required
to equalize the~ pressurés’ in the two systems during an adiabatic expansion.
This maximnm amount of fuel solution is about 2100 lb

Using équatisn (1) the amount of fuel solution which could ‘be transferred
was calculated for the flow times of 2 mintUtés and L minutes. At “the end
of 2 minutes approximately 652 1b of” fuel solution may be transferred at -~
which time.the average temperature of the fuel system would be 516.7°F while
that of the steam system would be 502.1°F. Similarly, at the end of four
minutes 1020 1b of fuel solution may be transferred with the average fuel
solution temperature. being 512.7°F and the steam temperature being 508°F

A plot of these predicted flows as a function of “time after the heat
exchanger tube rupture shows that the flow can be adequately represented

by:

W= 130 £0°62

where, W = fuel solution -transferred to the steam-system, 1b.
t = time after heat exchanger tube rupture, min.




A brief estimate of the crlticality problem of both heat exchangers was
made in the event that they become filled with 5 g/liter UOESOh solution.
These calculations show that the heat exchangers and the ‘blanket steam
drum will be subcritical’ for all solutlon temperatures, ‘both reflected
with H20 ‘and unreflécted.” Thé core’ steam drum will be subcritical at
280°C for “the HyO reflected condition, but if filled at room temperature,
it may be critical.

Estimate‘of Radiation‘HaZard-Due to Steam'Leakage

In the event of a heat exchanger ‘tube.-leak or rupture,(the,steam system of
the HRT may present a personnel radiation hazard.” At the beginning of the -
December 1958 startup the steam’ valves, 537 and 538, “each " had 1eakage of
0.5~ llters HQO llquid/min at 1200 psig Ppressure differénceé. The' steam
system is vented to atmosphere at several points (all of which are outside
the hulldlng) and is thus a likely escape peth for fission products.

. The radiation hazard from éscaping fission products must be.evaluated on
the basis of the external whole body 1rrad1at10n ‘and also the’ 1ong term

ingestion hazard to specific organs. The effects of a particular group

of isotopes have beén evaliated and’ ‘presented by T. H. J. Burnett.

Using this data, the ingestion effects can be estimated.

The accepted emergency dose to reactor pérsonnel is assumed t6 be 25 rem
for whole” ‘body dose and for the bone dosé; and 50 rem for thyrdid” dose, in
accordance with Burnett's recommendations. Some further assumptions which
were made are:

1. Continuous: reactor Qperatiggﬁtime-éfthuandﬁhOOZdeystétﬂa
ccnstentvpoverglevel hefore the tube_rnptgreT

inwth? V?Porlphaﬁe . . e
3. The icdine bed has been operating and has removed 88.12%
of the equilibriun iodine.

i. The heat eéxchanger has an entrainment separatlon efficiency
of at least 90%.

5. ‘The path of the” leaking steam is from the heat exchanger shell,
to the steam drum, through the’ leaking “Steam valve,” 6 the -
steam killer where it 1S either condénsed or is released to the
atmosphere through a possibly open vent valve.

The hazardous isotope activity in the fuel system is:

_cp | . .
Ce = 7o o (3)




]

S

(2)

where, Isotope concentration, curies/kw

By
[}

1

Total power.of the system, 1000 kw

System liquid volume, 80,16 ft

Density of fuel solutlon at 270°C, 53.04 1b/ft3

oo < o
i

Isotope activity, curles/lb

Q
i

S e - .
Ce = 252 .- (1)
Burnett has estimated the quantity, ¢, to be:

.Reactor Oferating-Time«.m

B R hokdays; L 400 .days .
For the bone seekers | L460 curies/kw 680 curies/kw
. For the iodines ... . | 247 curies/kw . .. 248 curies/kw

Durlng normal operatlon the total weight of water in the core or blanket -
heat exchangers and steam drums is ‘about” 1600 pounds At L91OF this volume, .
is’ “about 30.L45 ££3 of H20 liquid and 77.93 £t3 HQO vapor in the ‘core steam
system and 30 61 ft3 of HQO liquid and '56.47 £t3 vapor in the blanket steam
system _ ‘

It is ‘expected that the’ "bone’ seekers will be either 1nsoluble or’ in solution
and will thus be carried from“the héat exchanger ‘shell only ‘as’ entrainment
in the steam. Although the heat" exchanger should have an entralnment S
separation efflclency of about’ 99% under these conditions, " thé value of 90%"
wes used for these calculations since it 1s expected that some sélid” fissidn
products will be carried’by even dry steam.” Thus, " the bone seeker activity
in the steam leaking through the steam "stop valve will be:

. C (1 - E W(t) -
(5)

A(t)

(16oo T €y Im)




Bone segker activity of the leaking steam
as a function of time, curies/lb,

where, A(’c)B

E = Exitrainment separation efficiency of the

heat exchanger, QY 90%.

CB = Bone seeker activity in fuel solution
curies/1b. -

W(t) = Weight of, fusl transferfed to the steam system

as. a function of. time, 1b. '
= Leak rate through the stean valve, lb/mln._

"
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o
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Sinée“allfthé'iOdine,_which is carried t0 the Steam system, is assumed
to concentrate in the vapor phase, this activity will be:

0.1188 C; W(t)

A 6
(t) = —m p(t) ()
vhere, A(F)I = Iodine activity of the leaking steam, cnriea/lb.
v(t) = Vabbr'#olune“in'fhe"heat exchanger and steam
o drum as. & function of time, £t3.
ﬁg(t) = Dénisity of Hy0 vapor in the heat exchanger and

steam drum as a function of time, lb/ft

_When “thé fiow rate of fuel solution ‘being transferred into the steam
system’ {5 calciilated using equatlon (1) and the 'stated assumptions, the
quantities, W(t), V(t), and /°(t Tan be adequately represented by

W(t) = u32 to 62 . S (7)
v(t) =77.93 " 07893 Y. (for & ruptured core (8) .
] o _heat exchanger tube) 5 v
V(t) = 56.50 e 0. 1296 t (for a ruptured blanket (9)
L . heat exchanger tube) N N ;
/i(t) = 1. 347 0:0511 %" (for"bofh'a core: or’ (10)

blanket heat exchanger tube
rupture).




Thus : » ,
TR ' h32(1 - E).oB to.6e

A(t), = — (11)
B (1600 + 32 t0'62;- Lt) '
0. h889 ¢ t 0.62 R o :
A(t)I O 02783 T ‘(for a core leak) (12)
0. 67&3 C; tO 62 -

A(t)I 0. 0785 = (for a blanket leak) (13)

Con51dering only that’ steam ‘which escapes t0 the atmosphere, the remalnlng
portion of the steam system, prlmarlly “the steéam’ klller, ‘acts” only as ‘a
dilution volume and a time delay before the atmospheére is reached.’ "Thus,
the activity of the steam which escapes to the. atmosphere can be represented

by: '

aB _ Aty L1 BLI ~ |
& " v "Dy | (14)

wheme, B = Steam actlvity escaping to the atmosphere, curles/ft3
L = Leeh.Eate.to_the.etmosphere, lb/min. '

V = Volume of the steam killer, fy 15.6 £t°.

.{) = Den51ty of steam 1n the steam klller, lb/ft3

~t = Time after heat exchanger tube rupture, min.

'

Solving equation (14) for B,

B é«L,'e, ! : :/( A(t) & tlpv~dt R (15)



13.

'lDisperSion=of Fiésion Prodncts in'the Atmosphere A

The concentration of these’ fission products in’ the atmosphere at any point
can be readily estimated by Sutton's atmospherlc dilution equation for a
continuous point source.

S : ' L2 2
2 ) Y o+ :
Clx,y) = = exp|- LB (16)
2 2-n 2 2-n
n CTqx C x
where, C(x,y) = Concentration of activity,‘cgries/meter3
, ST s STy R
Q = ACtiYEPY_;F?l??SS“.E'?t?':e-f...g'(lﬁé..’ curies/sec
P- density: of steam-released.-..
B = curies/ft3 of steam released o
Qt:mleak rate from steam killer, lb/mln
DiStance downwind from souree, meters

BN -
fl

Distance crosswind from source, . meters .

Helght of vent above ground, meters

Wind velocity, meters/sec

B Xy 5O
n

Atmésphéreistability parameter

n

Atmospheric diffusion coefficient, '.(n;e'ber)z

Q
]

The”ﬁofst'cése,'éé far as atmospherlc dilution is concerned,’ ‘at the HRT

is that of the cold cloud conditions. Evaluating the ‘constants, C~ ‘and’™’

n, at a vent height of 18 Tt above groundh the average cold cloud conditlons
at the HRT site are given below .

o NighE L Day.

Ao meters/sec 1.3% (3 mph). 3:13 (7 mph)
c® 0.01. i 0.054

ne e 0.4D 0:.23 . ..
h; meters  5.49 (18 £t) 5.49 (18 £4)

...ey,.meters A.O.q..._..\....,.A..OM:..,




4.

/
SOIVihg‘SuttBn's'equation as a function of x shows that the maximum
'ééncentratioh"for the day conditions occurs at 115 £t .from the source
and for the night conditlons at h90 ft from the source.

Assuming a breathing rate of 30 liters/min, the ‘meximum time of eXposure
in the cloud at the point of maximum concentration can.be evalugted by:

t

Toclxy) -
I =[ —i ma.x-s dat , e . (17)
3.333 x 10 .

o

Burnétt hag’ estimated “the allowable total 1nhalat10n of Tission products,
'Im, which yields 25 rem for the bone seekers and 50 rem for the iodines,

to be:

Reactor Operating Time .

oot e adl Ll N0 ddys T 00 dalys,
For the bone seekers . |-38T4c - 13k ye
‘,,‘Eorathe<iodines..‘,..... 218 H4c .. ... . 278Mc . ...

A% the points of maximum cloud concentration, the quantity C(x,y) .can
- be represented by: .
\u

o ar
¢(xy) = K50 (18)
where, K= Geémétfy“fécﬁér‘frbﬁ“Sutién s equation, K Z 548" % 1073

Por 'thé day conditions and K'= 5.801 x 103 for the
nlght conditions, sec/meter3-

The maximum allowable total inhalation of fission products becomes:

m ’
|2 -L t[ﬁv T ' ToE T ' o
1 =KD - f at ) At) &7 T B g (19)
L 1.998 x 1075 Py | *



To solve equation (19) everything is known except the relatlonship between
the léak rate, L; through the leaking steam "stop" valve 537 or 538 aiid
the leak rate, L', +t6 the” atmosphere ‘Since it is assuméd that the’ vent
valve on theé ‘steam killer is open the leak rate’ to the atmosphere will "
depend entirely om the ability of the steam klller to condense the steam
before 1t gets to the vent.

There are three possible histories for the steam lesking into the steam
killer:

1. The blower to the steam killer contlnues operating at its
de31gn flow rate

2. The blower ceases to operate, but a natural convection loop
is set up.

- 3. The blower ceases to operate and no natural convection occurs.

If the blower’ ‘continués t6 operate,” the equillbrlum ‘conditions in the’ steam
killer, following a :heat exchanger tube rupture, can be estimated as follows:

Ql _ 'UlAl‘QStLM)l normal, operatlon NS (20)
Q. UéAE“CﬁtLM)2 ?  operation:.after:tube rupture

Since the major change in the overall’ heat” transfer coeff1c1ent will ‘bevin”
the inside” condensing and subcooling coefficient "it should be reasonable to
assume that the overall coefficient is not appreciably changed. Thus

;& - ;fi?%@fE i (21)
Arvlo . |

For - normal operatlon of the condenser the following design condltions
exist: et L
7 892 x 106 Btu/hr

[ SORS

9

T
s

334°F (inlet steam temperature)




16.

T, = 267 F (condensate temperature)

‘a
alr in. . 95 F

T .
G : 9000 cfm of air maximum
T

air out = 172 F

Using these values in equatlon (7) and assuming that the steam klller
operates under countercurrent flow: :

(At) _"'_‘—H .
5.059 x 10

‘ Q.

From the prev1ous "section thg condltion of’ the steam in the steam drum -
and Heat’ exchanger follow1ng a heat exchanger tube riupture are that of
saturated steam at about SOOOF " From the stéam tables the steam léaking
through” the valve will have & heat contefit of 1201. T Btu/lb and the
temperature ‘0F the steam entering the steam killer w1ll be about 320°F.
The. condensate Jeaying the steam killer will be at a ‘téemperature’ slightly
greater than that of the 950F alr enterlné and have a correspondang heat

content. Thus:

Tair °u’°) T8 (1201,7:-.63) 60 L
320 - T . - T

Tair out 5.059 x 10t

An — 2

(320
(22)

Leak rate through "stop" valves 537 or 538, lb/min _

where, L =
A = Température difference betweéen the inlet air and -the
condensate leaving the condenser e
Tair out = ASstmed” approximately equal to the air inlet

temperatiure of 95°F.

£ -8 -3 . - (23)
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A’ possiblé Tange.of leak rates, L, are from one to 20 1b/min. The log
mean temperature difference can have values of: :

< 225 -'A

<
1.35; e o5 — 27.02 .
N y

From this equation it can be séen that A cannot be greater than 0.1°F
for“leak rates up to 20 lb/min. Thus ‘the temperature of thé condenser
will be approximately equal to the air temperature and the steam pressure
inside the condenser will be much less than atmospheric pressure. " For

this case it is not expécted that fission products can escepe from the

steam system when a heat exchanger tube is ruptured, and the blower continues
to operate. ‘

'C&Se'EI.

If for some reason the blower to the steém killer ceases to operate, it'is

éxpected that & natimal convection 1oop will be set up. The steeam killer

consists of three réctangular sectioms 16'H=17/2"Ix 5'2-I/4" x 7" high.” The ~

sections are connected along the 5'2-1/4" side so that the overall dimensions

- 6f"the condenser are 16'4-1/2" x 157623/4" x 7". 'Directly above thesé sections
1ies 'a Iouvered section, approximately 8" high which leads directly to the

atmosphére. There are 110, 5/8" 0D, BWG 18 x 16' long tubés per section.

Each tube has 10.25, .7/16" high fins per inch and thére are three vertical

staggered layers of tubes in each Séctidn. 'Thé tibes are arranged on a

1-5/8" horizontal pitch and a 1-7/16" vertical-pitch. .

The naturalvcirculation~equation for this system will be:

, ke N G2 . h | o
) faz = AR ¥ (P - p)2 Loy (2k)

R



where, 'yKD =

il—b:> [1:2]
1

B
i}

H B
u

o o]
o 3
i

/qavg

= Air flow rate, lb/hr

18 o

Density of air, lb/ft , density at inlet
temperature; dens1ty 2% outlet temperature;
Joavg’ average géns1ty

Number of vertical tube bank.s
Mass velocity through minimum cross-section,

1b/sec- £t2 £ =3 ' ~ (26)
3 6 x 10 Af ‘

Minimum cross- sectlon of condenser, 2 100- ft
T lbm ft

Gravitational constant, - 2

' 1bp - sec

Hgigpp“of~qop@egse; plpﬁ ;ggyereq section,‘ft ‘

5

Friction coeffiq;ggt'fo: flow over stagggped tubes
Ratio of transverse pitch to tube diameter
Tube outside dismeter, £t

Average Viscosity, 1b/sec-ft

For air the density and viscosity as functions of the temperature are,

A = '39&,66 , /e I (27)
‘ o R 0. 768

N

/q;vg - T, - T

39.66 In |
T,

, lb/ft3
2”71
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| i';é% i iolg 7 \L.768 o WO
_ L X 2 :
/{avg T, -1 (.1ooo> } (1‘0“00) » 1b/sec-ft (30}

T = Temperature of the air, OR.

Substituting equations (25), (26), (2o7), (29), and (30) into equation (24),

letting Tl = 95 + 460 ©R, and solving for Wg gives,
[ - : m 05405
2.965 XIOI3<O.O711+6 - 39-66) /(n 3?? ‘ | B
e’ 3 : (31)

g 1.768 470.15
(™ 5551085 T(looo) - 0.3538)'

Using the same steam side assumptions as were used in the previous forced.
convection case,

: : , (780 - Tg-)- A
Q = {1201.7 - h,, )60 L= 0.2&9 wg (T2 - 555) = UA — 85 =T . (32)
, c [n 2

] ’ | a

A = Heat transfer area = 872 ﬁ;a

U = Overall heat transfer coeffidient, Btu/lb-CF-£t°

e -

Natural convection coefficie'nf = 1.8 Btu/lb—oF-f‘te-

A = Temperature difference be'bween the outlet condensate
temperature and the 1nlet air. 'bemperature, OF

‘L. = Leak rate from leaking valve, lb/min

h,, = Heat content of the éondensate .'a.t the outlet temperature, Tc
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T_ = 555 + 4, °r
T, = Outlet air temperature, °R.

Baséd on the assumption that the steam pressure in the condenser is that
cOrresponding to saturated steam at the temperature of the condensate
leaving the condenser,the following table shows the quantities,. Wy, A4,
T , condenser steam pressure PT sy and L as functlons of the outlet
agr temperature, To: :

Tabe IV
T OR) | W Gv/me) | AF | T (R | B (heie) | 1 (u/min)
555 | o | o 0 | -- 0 '
560 . 2.086 x 101’ <0.05 ' 555 0.815 0.3801
565 2.958 x 0% 2.3 557.3 0.875 " 1.08
570 3.65 x 10% 25.0 580 1.69° 2.0
575 Y.ooh x 1olL 82.0 637 7.02 3.32
580 4.729 x 0% '175.0 730 43.3 5.11

Plotting the condenser steam preSSure PT” versus the valve leak rate, L,
o]

shows that the condensar steam pressure is atmospherlc when the leak rate

Nis about 4.0 lb/min. Thus, it would be expected that even with an open vent

on the steam ‘killer, little or no steam would escape at leak rates below
4.0 1b/min. All leskege greater then 4.0 1b/min would be expected to escape

.from the: systemcas:steami’:, Thus, the quantity, L', in equation (19) is
. simply the leak rate through the steam valves minus four.

Case 3'

I the blower ceases to operate and no natural'convectlon occurs, the steam
-killer and the steam piping between the  leaking valve and the- steam.killer

will be simply a large reservoir into which the leaking steam will be

diluted before reaching the .atmosphere. Since there would be no condensation
.Of steam and assuming no accumulation ‘of steam in the steam killer, the
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quantity, L', in equation (19) will equal the leak rate through the steam
valve.

. Figures (1), (2), (3), and (4) show the results of solving equation (19)
as functions of the meximum allowable exposure time per unit totel power
~ for emergency radiation doses of bone seekérs, and iodines and the. leak
rate in liters of 1iqu1d H,0 . per minute through +the stéam ! stop valves
" 537 or 538. Figures (1) and (2) represent the hazard when thé .condensing
capacity’ of the steam killer is limited by natural convection cooling of
the steam killer. For this case there will be essentially no ingestion.
hazard for leek rates less 1.8 liters liquid Hp0 per minute (4.0 lb/min)
The maximum possible hazard is represented by Figures (3).7and (i), which
represent the case for which there is no condensation of steam in the

steam killer.

_Both sets of figures show that for this situation the iodine ingestion
hazard is greater than that due to bone seekers. This iS"primarily the
result of the entrainment efficiency of the heat exchanger and the.
assumption that all the lodine which enters the heat exchanger shell
appears in the vapor phase. A check of the iodine distribution coeffic1ents
shows that depending on the relative volumes. of liquid and vapor in the
heat exchanger and 'steam drum up to 85% of the iodine cam be in the vapor
phase. Since the distribution coefficients are based on equilibrium
solubilities, it is felt that no credit should be taken for the iodine
solubility in the uranyl sulfate solution in the heat exchanger.

The external whole body radiation. dose although generally of less severity
than the ingestion hazard from a fissiomn product- bearing cloud can be calcu-.
lated through use of the Wigner-Way equation° The gamma and beta source
from a reactor- operauing at total power, P in watts, for a time, T, in
days, at the time after shutdown of 1 = can be. expressed as:

- ; 10 -0.2 ~0.2| photons
8, 2:§h6 x 10 P[(w‘- T.) -7 ] —_—

sec

SB”‘ 5.092 x 10 [(q* T )-0-2 . Lrno.z] betas .

The average photon energy is 0.7 Mev and the average beta eﬁergy is 0.4
Mev. : .



22,

Evaluating the equations for one mlnute after shutdown for the reactor
operating times of40 days and 40Qidays givés:

. » 40 days . 400 days
‘ photons R ‘ 16 L 17
.sy EEE:ME“ 9.68 x 10 1.01 x 19
S, betas 1.926 x 1077 . 2.02 x 1087
‘sec-Mw ' o

Since the entrainment separation in- the heat exchanger has been assumed
--t0 remove at least 90% of the solid. fission products, ‘but will not remove
any of the gaseous fission products, the above sources as given by the
Wigner-Wey equation will be high. For shutdown times from zero to ome
hour the ratio of gaseous fission product energy release to total energy

' release ranges from Bbout 5% to 10%. Thus, about 90% to 95% of the total
energy release during this time is from the solid fission products: Since
‘the heat”exchanger will hold at least 90% of the total solid fission pro-
ducts, the actual energy release rate will be no more than 19% of that
predicted by the Wigner-Way equation. If credit is taken for the removal
of about 80% of the gaseous fission products during reactor operation,

the energy reléase rate would be only 11% of that predicted by Wigner-Way. -
For- the- remaining calculations, the 11% value has been used. -For' ease of
calculation it is also assumed the total amount of fuel solution. that
would be transferred in four minutes is suddenly dumped into the heat
exchanger shell at the time of the tube rupture. ,

There are three cases to consider in estimating the external whole body
radlatlon dose: :

1. An individual standlng dlrectly below the vent who sees the
radiation source but is not in- the cloud.

2w An individual downwind from the source standing in the cloud
where Sutton'sfequation gives a. maximum ground concentration.

3. Radiation from lines containing steam or condensates .

The first case can be estimated by considering the source as a continuously

increasing point source and calculating the time required to receive 25 rem

of gamma dose. The point source is then, neglectlng the additional dilutlon
by the steam killer, at any time:

Q = 1.10k x 1072 S R %
y y
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. - where, VQ; = Source in photons/sec
R

Steam leak rate, 1lb/sec

t = Time,.sec.

The dose rate from this source at eny time is then:

_1.10h x 1070 x83.8 x 1.1 “yMe Sy

S Rt
d
6.77 x 10% x 100 bt 12
where, d = Dose rate, rem/sec
E% = Photon energy = 0.7 Mev
A‘E = Energy absorption coefficient of air = 3.5 x 1077 em™t

r° = Distance from source to the average height of
man = (18-3) 30.48 = 457.2 cm

oa=1403x 20 RE £ .

The total dose received at any time is then:

| t | |
D (vems) = [ 1.403 x 10" R 5 ¢ at = 7.005 x 107 RS, £ .

Based on the assumption of a 25 rem total dose, the maximum time an
individual could stand at this point is:

e o [o__55
n 7.015 x 10722 R 5,

. _/3.56h x_10°°
m y )

"R S
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.'The” solution 6 this equation is shown in Figure (5) as a functlon of

steam leak rate. It can be. readily séen that in comparison with “the
ingestion hazard there is little personnel safety hazard from this
source. Since there is essentially no difference between the.core and
blanket results or between the results at’either 40O or Lo days, only!
the core results at hOO days operation are plotted in Figure (5)

The second case can be estimated using the maxinm ground - concentration

as calculated by Sutton's equation, neglecting the additional dilution
of the steam killer, and assuming’ night conditions. Thus,

_6

D= 106x37x10hxl6x10 xll3x21tEC(x,y)t
1293 x 100 x ux
= 0.26 EC(x,y)t
where, D é’Dose, rems

E = Effective energy = E + EE = 0.7 + Q—E-— 0. 83
- cmer&y =&tz 7 3 Ts:

C(x,y) = Concentration, curies/meter3 = 1.731 x lo-l8 SBR

t = Exposure time; sec.

For a maximum externsl dose.of 25 fem, the maximum exposure time is then,

This equation is also plotted in Figure (5). as tm' vs.‘the leskage rate
corresponding to the proper C(x,y). . .

The radlation hazard from long pipes contalning either radioactlve steam
or condensate can be evaluated by considering the piping as an infinite
cylindrical volume source. The dose rate from such a source can be given.

by:

(a + z) F(Q?bé)

. 2
b (:r ) - %9 B,SVBO 4@

min




where,

= Buildup factor

B

R,
./"qe -
&

= Rad.ius of thé ;pipe,’ cm

.Epergy a.bsorption cqefficient for air, cm":L
= Distance from the Qcylind.er, cm

zZ = Self-absorptidh distance of the c‘ylinder, cm

0 = Angle subtended by the end of the cylinder, for the

infinite cylinder, © = 12‘- .

a ,
b, = 2. Hits + Az

i=1
t = Thickness of each absorbing medium between the cylinder
and the dose point, cm . ~

//i = Mass absorption coefficient of each absorbing medium, cm

// = Mass absorption coefficient of the active steam or
& condensate, cm™ ‘ :

3

S. = Gamma source -strength, Mev/cm”-sec-Mv .

Assuming 1020 1b of fuel solution transferred to the steam system, the
gamma source strength is, '

S = 1.330 x 10°7 Psy (Me\(/sec-cm?’,uMw)

v
where, P = Density of radioactive fluid, g/ cmS
8, = Photons/sec-Mw .

A}

Assuming that S_ 1is equal to ll% of the photon source as calculated by
the Wigner-Way eauation for 400 dasy reactor operation, that the density
of the steam is that corresponding to steam at atmospheric pressure and
thet the demsity of the condensate is equal to room temperature water;ithe
dose rate.for .4 and 6" Sch. 80 steam piping and 4" Sch 40 condensate
piping:is-given below: ‘ .

-1
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(1) From 4" Sch 80 steam piping,

Dj= O.idohd <m;;) | | | .‘ A /

. (2) From 6" Sch 80 steam piping,

p= 222 (%)

(3) From I Sch 40 condensate piping,

D= 11 iglea) (iﬁfn)

Assumlng that the maximum emergency exposure is 25 r , Figure (6) shows
the time required to accumulate this dose per Mw of reactor power as a
function of the distance from the contaminated piping.

BIBLIOGRAPHY

"1l. Burnett, T. J., "Reactor Hazard vs..Power Level“, Nuclear Science and

Eng., 2, 382 393 (1957).
2. Burnett, T. J) "Calculations on HRT Leak", 1-27- 58
3. Gift, E. H., "HRT Iodine Removel Bed", CF-57-9-50, Sept. 10, 1957.

4. AECU-3066, "Meteorology and Atomlc Energy", U. S., Dept. of Commerce
Weather Bureau, July 1955

5. McAdams, W. H., “Heat Transmission", McGraw Hill Book Company, Inc.
New York, 1954, p. 163.




il 2 SEHIE =

r e s

+H 1 SR :

tas it teedy despd e ;¢

H : = T

i i £ i A ERES Te

3 o =, iisiea agts ol H

: T == fae pha i
% g jaess 2288
T T T
1 s
in 1
= o
=g 2

1

S g 222 pean

1
4

T

4

[ a1

=395

t

b

e
=0
"II"I(' v

v
<
(N

<

4

LeLR=Dw
NC L

LA

.\ 4
<1 |
e : =
L} el T
o= T
SER: ¥
S ==k
=3 =
> > +
2!
. i
T

FOLLOWING A HEAT EXCHANGER TUBE RUPTURE

EEEDS !
I -
SEEDSS 23
SIS TERSE 1
e :
ey ¥
1 : i

bt it
I

EXPOSURE TIME REQUIRED TO GIVE 25 REM FROM BONE SEEKERS AS A
PUNCTION OF LEAK RATE THROUCE THE HRT STRAM VALVES 537 OR 538

+ == F

s pie =i ==
Y 3 = i
s i e :
i : S :
58 24 P e

‘W S 'N NI 3aww

‘00 N39Z131g 3NZan3 1 S

§3710A0 € X

SINTAD ‘€
JinHLEVYEaOT

¥3dVd HdvdE N3I9OZLIIIQ €E€17- Ore 'ON

7 8 9

5 6

e 1.




i

Hi

i

e et s H

e

T

15431 &

it

cof e 4

sy
ey

RS 0eeDd sxeys

11
P

i1

11

iy

b1t

537 OR

-

N3

LW -
155

=
T
4

s

T

|

N

-

NL=
U

T

N

s £38

AR AESR1 bR 18Pt

PIRY hSee TAEH

o

RS THE Y

Ll

1

g T

e
AL

Hid

i

T

4l
1T

M

SEETT

H

a8

H

2l

{

-

28.

e

FEERY SR LA VIS

e

[l

dfek

1300

L

EXPOSURE TIME REQUIRED TO GIVE 50 REM TO THE THYROID AS A
FUNCTION OF LEAK RATE THROUGH THE HRT STEAM VALVES
538 FOLLOWING A HEAT EXCHANGER TUBE RUPTURE

56478 VTN
HE

i
L
|

i

X S313A0

JlIWwHLINYOOT

D3 N39Z1310 3IN3ION3

d3dvd HdvdT N3ISGZLIIAQ EE7- OrE "ON

T

Figure 2.




1

1

THHY

T o
55 °
; IS
0
0
€
| )
i §
, Y )
o~ Q
P R|
. T,
£
x N
5
2 =
A O
ol
v B
Lo 4
=
(®]

29.

EXPOSURE TIME REQUIRED TO GIVE 25 REM FROM BONE SEEKERS AS A
FUNCTION OF LEAK RATE THROUGH THE HRT STEAM VALVES 537 OR 538
FOLLOWING A HEAT EXCHANGER TUBE RUPTURE

~00 N~ 0 B < V] o -

‘v 'S5 A NI 30K S3IN0OAD € X S310A0 €
‘DD N392z13(a 3N3IaN3 JIWHLIdYEOT
. U d3dvd HdvVd9 N3IDZLIIA €E€T7- OrE€ 'ON




951y

UNCLASS IF TED

"i"’?

L=LR=Dw

N

.

C

30.

ID AS A
237

FUNCTION OF LEAK RATE THROUGH THE HRT STEAM VALVES

EXPOSURE TIME REQUIRED TO GIVE 50 REM TO THE THYRO
538 POLLOWING A HEAT EXCHANGER TUBE RUPTURE

S ! HE] = SEEEE =
£ 3o = ¢
T——F £ =+ o
3 =t H - =S5 =a=
= =i e el poe e
= =S5 B = ===
] = s : B
] EEEE 1 SRS RS S
o = t EES =S
s B : B
4w 3 vl e et e 23 = s e
o i i o EEEREIIEE bt
-yt 4 + = =
= : .
5 = Esmcsses
5 it FEOpEY
= == = ===
= ek SEE RS
3 =S R
=+ ST
= Eem o
3 T .
T = 2 i i e s f |
3 (S0 i e o
i . 0 i
i =
0 T
2o

0
4o

EsESEE==w
et o

e = S
= @
SeES ~
0

g
s

i

v
s

JURA &

9 H et
T I i (5 v e
53 i = ==5
+ 3 =t = o
T 13 41 s E
T T T
s

i
|
il
Figure L.

b i =
T T it
H +H =iy
I T ==t
i ¥
i

== 33

e H 3 =
s 2 S e ==
SEEREECy i 1
—~— - —+ s T
S i s
SEEE L TE

= — -
“ i $ Hih

Hi

foay

jauisaniatse

s iiee) pwams

LaHn

3
23 WW 3 = wx
11 £ = t :
; e T

HH EEEE HErt 53

S52; 1232 23381 ;
4 HHH 5 H

e

3

o o

T

B B0 ¢

e ot

¥ S N NI 3ave
N3ISZ1310 3N3an3

»

S3NTJAT € X S373A0 €
TJINHLIEYEOD
¥3dVd HdVva&a N39Z131Q €€7- OrE '‘ON




; A
“ o
: i~ 7
©
: )
< ,
R ER iy ,
og BT i
T2 HB i
IQ.H ey o
58 HE &
X ) JW S [
r D o
g ==
= 5 m @
= =
S
3
=
e B
n
a
:
g
=)
&
(2]
:

EXPOSURE AS A FUNCTION OF LEAK RATE THROUGH HRT
OR 538 FOLLOWING A HEAT EXCHANGER TUBE RUPTURE

EXPOS

'Y 8 'n NI 30VRK S3ITAAT © X SINIAD €

% t ‘00 N39Z131 3IN3anN3 ¢ » DINWHLI¥YOOD r©
H3dVvVd HdvVa8g N3ISZ131a €€7- OPE 'ON




ORNL=LR=Dwg. =39546
32. UNCLASSIF IED

B rve

[aas
ST

4 5 67891

Il
|
i

H

i

ies o

TH

= E=E

2

T

DOSE AS A FUNCTION
CONDENSATE LINES FOLLOWING
3 4 5 67891

10

o m P
W o
= Pl 3 =EEES
i T =
™ s SR =
- ; i 1
m © : : =5
n - :
un H A
) QN e g SEEEiEE
m m £ =
0 <
N« o Q
o = & e ]
b1 A o —
AR © =
oo , ~ E i e
5 “5 *. 1 o=
"y B ol ‘ e
03 Gl
8 ) et
el m ifi i eas :
Oln < Faea i = =
B TR EEE
WES <5 ] f EIEEERE=
] « : :
Loli™ | V4 EH
T w x T =
o L H s t
i il
F ~ : i
a¥ H
1
W , i
3 & .
s | b =
- | |
5 === Lo
) 2 —
8 g
> i e SeEes
© e : 1 : : :
i ” g T T
« - i i 1 : ‘ :
: T +f i T
4 e o it 83 +
= 3z ot ==
252 3E222=2 R = i i TS SRR EE R 28
p o i .Im: m i 4
e - 252
_m RN i
~ ikt B : _
I ! ! v
in RY. &
2 1 i v.ﬁxu
H It
u JARRLRER il It
1 _.v i T i .E
, i ~

P (i
-0~ W N T 32} ~N -~ O W L) o --o@N© N T M o -

Reactor Power Times Exposure Time - My - Minutes
Figure 6.



'_l

= ’
O\ O O\ FwWw

i

12.

1k,

15.
16.

17..
18.

19.
20.
21.
22,
23.
2k,

25.
26.
27.

28.

29.

30..

31.
32.
33.
3k,
35.
36.

38.
39.
Lo.
k1.
42,
43,
Lh,
45,

R

HRP Director's Office
Rm. 259, Bldg. 9204-1

G.

S.
A.
E.
S.
E.
J.
W.
R.
R.
H.
E.
R.
J.
D.
R.
J.
D.
c.
W.
E.
R.
J.
W.
P.
P.
P.
J.
N.
E.
c.
G.
D.
P.
F.
L.
R.
N.
c.
R.
W.
R.
M.
R.
W.
J.

M. Adamson
E. Beall

M. Billings
G. Bohlmann
E. Bolt

S. Bomar

R. Brown

D. Burch

H. Chapman
D. Cheverton
C. Claiborne
L. Compere
S. Crouse

S. Culver

G. Davis -~
J. Davis

L. English
E. Ferguson
H. Gabbard
R. Gall

H. Gift

S. Greeley
C. Griess

R. Grimes

A. Haas

H. Harley

N. Haubenreich’
W. Hill™
Hilvety

C. Hise

J. Hochanadel
H. Jenks

T. Jones
R. Kasten

Kertesz

J. King

B. Korsmeyer
A. Krohn
G. Lawson
E. Leuze

H. lLewis.
A. lorenz
I. Iundin
N. ILyon

L. Marshall
P. McBride

"33,

DISTRIBUTION

48,
kg,
50.
51.
52,
53.
. 54,

25
56.

57

58,
59.
60.
61.
62.
63.
6L,
65.
66.
67.
68.
69.
T0.
T1.
T2.
73.
Th.
75.
76.
T
78.
79.
80.
81.
82-83.
84 -85,
86-87.

- 88-102,

103.

H. F. McDuffie

H. A. Mclain

R. A. McNees

J. R. McWherter
R. L. Moore

.« F. Parsly, Jr.
R. L. Pearson

. Peebles

. Picklesimer
S. A. Reed

D. M. Richardson
R. C. Robertson

. Rosenthal
H. C. Savage

C. H. Secoy

C. L. Segaser

E. M. .Shank

M. D. Silverman
M. J. Skinner

I. Spiewak

R. W. Stoughton
J. A. Swartout

E. H. Taylor

D. G. Thomas

M. Tobias

D. S. Toomb

W. E. Unger

R. Van Winkle

D. W. Vroom

A. M. Weinberg

K. W. West

J. C. Wilson

C. E. Winters

F. C. Zapp

REED Library
Central Research Library
Document Reference Library
Laboratory Records : \
ORNL-RC

EXTERNAL

Ath-llB.
119.

TISE-AEC ,
D. ‘'H. Groelsema, AEC Washington.



