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Polonium Release from an ATW Burner System
with Liquid Lead-Bismuth Coolant

N. Li
ATW Project, Los Alamos National Laboratory, U. S. A.
E. Yefimov, D. Pankratov
Institute of Physics and Power Engineering, Obninsk, Russia
April, 1998

Abstract
We analyzed polonium release hazards in a conceptual pool-type ATW burner with
liquid lead-bismuth eutectic (LBE) coolant. Simplified quantitative models are used
based on experiments and real NPP experience. We found little Po contamination
outside the burner under normal operating conditions with nominal leakage from the
gas system. In sudden gas leak and/or coolant spill accidents, the Po contamination
level can reach above the regulation limit but short exposure would not lead to

severe health consequences. We are evaluating and developing mitigation methods.

Polonium-210 emits o particles as it decays to Pb-206 with a half-life of 138.4

days. Because of its relatively short half-life, Po-210 has very high specific activity and
poses serious radiological hazards. In an ATW burner with liquid lead-bismuth coolant,

there is significant production of Po-210 due to Bi-209(n, ¥)Bi-210 reaction and the |

subsequent B decay to Po-210 in 5 days. In a pool-type ATW burner, LBE coolant spill

(as analyzed before[1]) is much more unlikely than in a boiler-type reactor. However, Po
can accumulate in the cover gas space and other parts of the gas system. Po release from
the gas system is possible, and the release is much faster in case of a cover seal breach than
in a coolant spill, although the amount of Po in the gas system is much smaller than that in
the coolant. This report explores the Po hazard under normal and off-normal operating
conditions for a conceptual ATW burner.

The ATW-burner is approximated by a cylindrical container of 5m in diameter, 16m
tall with a 15m deep LBE coolant pool. The cover space volume V, = 19.6m’, LBE

evaporation surface S, = 19.6m*. The mass of the LBE coolant is about 3000 tons. We




use a high estimate of the Po specific activity in LBE, a,= 1 Ci/kg (many later results on

Po activities are proportional to this value).

We assume that the surface temperature is 400°C, or 673K (which is an upper-limit
estimate of the surface coolant temperature). It is assumed that 99.8% Po evaporates as
PbPo, 0.2% as pure Po. The specific evaporation rates of PbPo and Po in vacuum can be
read from the chart [2] as'

Wppp, = 2.27%x107 —CZL/-Q
m°s kg
Wp, =2.06 X107 —C;—/Q.
m°s kg
The gross evaporation rates are:
8ropo = Wopp, 11000 X @, X99.8% x S, =4.45 % 1077 g,
s

8p, =Wp, /1000 X a, x0.2%x S, =8.07x107 Q,
S

where a factor of 1000 reduction for evaporation in the cover gas under atmospheric
pressure has been taken into consideration. It is quite clear that the PbPo formation
drastically reduces the evaporation of Po. The total evaporation rate is:

 Ci

8o = &ppro T &p, =1.25X10 o

The Po activity in the cover space comes from the following contributions: PbPo
and Po evaporation from the LBE coolant, Po deposition to other surfaces, volatile H,Po
formation with moist in air (dissociatés to PoO, quickly at elevated temperatures),
secondary sublimation from the deposit, radioactive decay and gas system leakage. To
illustrate clearly the key mechanism in Po releases, we use the following simplified model:
the activity of Po in the cover space reaches an equilibrium corresponding to saturated
vapor pressures of PbPo and Po.

! The specific evaporation rates can be approximated as:

4793 2929 . . cCi G
=-——+2476,logwp, =———}—+2.664,w’s in unit of I—1.
T

log

m2s kg

They can not be derived directly from the Langmuir equation relating the evaporation rate to the
saturated vapor pressure{2].

w
PbPo




The vapor pressures of PbPo and Po can be obtained from the literature’. We use
the IPPE formula:

log Py, [Pa) = — —7? +9.06,

log P, [Pa] = - -5—4;-0 +9.46.

We need to convert the specific activity of Po in LBE to concentration for further
calculation, using 1Ci Po = 0.223 mg Po:

Cpppo = p, X0.223mg/ Ci X 0.998 X2 =4.45%x107",
Cpp = ap, X0.223mg / Ci x 0.002 = 4.46 x107"°,

where a factor of 2 is used to accommodate for PbPo’s molecular weight difference from
Po.

We also assume that the activity coefficients of PbPo and Po in LBE are one®, so at
400°C the partial vapor pressures above the LBE coolant are

Pyps = CoupoPrpp, = 8:10x 107 Pa,
P =c,, P, =1.07x107° Pa.
For the ideal PbPo and Po gases in the cover space:

Prpo + PV,
", =( PbPo RTPO) 8 -_-6.59><10_”mole,

the total activity of Po is

Ap, =62%107Ci,

and the specific activity of Po is

A

ap, = ‘;’ =3.2%x107Ci/l=1.1x10* LPCy.
&

This agrees with a more complete analysis by IPPE specialists. Obviously the cover gas

contains rather high level of Po contamination and care must be taken to prevent direct

personnel exposure.

. 537
* log Pp, [Pa] = -

+9.3593, [3].

3 For dilute Po in Bi, this activity coefficient has been measured to be much less than 1. Its temperature

dependence can be approximated by{3] fogy, = -

+1.1176.




However, when the system is nominally tight and sufficient ventilation is provided
the Po level in the operating room can be easily kept well below the regulatory level. Even
an accidental breach of seal and the subsequent release of Po from the gas system would

not pose severe radiological hazard if the evacuation time is reasonably short.

Since Po can quickly deposit onto cold surfaces, deploying a Po collection system
which is colder than the coolant surface temperature and with véry large surface area could
reduce the Po activity in the gas system. This system can also be deployed only when a
gas system leak accident occurs, so as to function as an emergency radiological protectibn
system.

We can estimate how much Po deposits onto colder surfaces in the gas system.
Assuming that Po in vapor or gas phase have reached equilibrium, then almost all the Po
evaporation should deposit and only radioactive decay would reduce it. This leads to about
15Ci deposits. If the majority can be collected with the aforementioned collection system
and stays undisturbed during refueling or other maintenance operations, then the
radiological hazard from the Po surface contamination is much reduced.

Normal Operating Conditions

According to IPPE’s estimate, the gas system could have small leaks up to 0.5%
volume of gas per day. In a room of V. =100m’, the activity leakage rate is

_05%%x6.2%x107Ci

Slear = =3.6x10"Ci/s.
24 % 36005

The Po activity in the operating room consists of contributions from various
processes

dAp,
d: = gleak - )"venrAPn - A‘(16;7141’0 - )"

where A, is the ventilation rate, 4,,, is the Po aerosol deposition rate, A

APa ’

decay

is Po decay

decay
rate. A typical ventilation rate is one volume turnover every hour. The aerosol mean
lifetime is about 100 seconds®. The half-life of Po-210 is 138.4 days. Thus

* According to IPPE, Po aerosol lifetimes range from 60-80s on equipment to 100-150s in the room.




1

Ry = =2.78x107*s7",
3600s
Ay, = L _1ox 10757,
" 100s
oo = ! =836x107s7".
© 138.4 x24 x3600s
The equilibrium Po activity in the room air is
A 8leak -10 o~
A, = =3.5x107"Ci,
i a’vem‘ + )“dep + A’decay

ap, = Ar _35%1075Cisi= 0.012LPC;.
vV

r

If there is no ventilation, the Po activity is

< Sleat ~10 v
A =—22  =36%x1077Ci,
oA 42

dep decay

A |
aj, =—22=3.6x10""Ci/l=0.012LPC.
vV

r

We can conclude that as long as the Po aerosol deposits to surfaces quickly, there is
little danger of Po inhalation during normal operation. However, the surface accumulation
of Po can be problematic. The deposition process can be modeled in the following way:

dA;,
dt

— A, A
A =P —42x107Ci.

decay

= A’depAPo - A‘a’eca)'A;v = }"depZPo - Aa’eca_vAIS’a’(t >> IOOS)’

This amount of Po distributed over a 150m* surface leads to a specific activity of
2.8x 1077 Ci/m?, A person with 2m? surface area can be potentially contaminated with

0.56uCi. This strongly suggests that thorough body showering and clothes washing are

necessary after each shift. It also suggests to have large deposition area strategically
located beyond personnel contact area to cut down the specific surface activity.




Accidents

We have already analyzed the coolant spill accident and concluded that even a
massive spill would not lead to fatal or damaging Po contamination if exposure duration is
kept short. For completeness sake, we include a brief analysis of coolant spill in accident
scenario 3. The more likely accident scenario is the sudden release of gases from the gas

system when there is a breach of seals.
Scenario 1.
To start, let’s examine a worst case scenario in which the Po in the gas system

releases into the room all at once with no ventilation and no aerosol deposition. The
personnel evacuation time 1s 10 minutes. The room Po specific activity is

A
a,, == =62x10"°Ci/l.
v,

r

Personnel inhalation rate of airis R, = 0.23[/s. The total inhaled Po activity is

A = R At X a,, =8.6%x107Ci = 0.086uCi.

This is well below the 50-50 chance lethal dose extrapolated from experiments on
mice, which is about 3mCi. The US regulation on Po inhalation limit is about 0.6uCi for

2000 hours per year work time. So a person exposed to the above mentioned amount of
Po has about 290 hours equivalent dose. While it is no light matter, this scenario is
certainly within controllable limits. The real life consequence should be less severe as we

analyze a more realistic scenarios.

If ventilation and deposition mechanisms are available, then the room Po activity
can be modeled as
dA;,
dt
A}, = Ap, ()1 =€),

The total inhaled Po for one person after 10 minutes is

- r
- _leﬁ APo ’

s Al
Auates = | oy ~Edr =138 X107 Ci = 0.014/Ci.




The surface deposition can be calculated in the following way:

dA}’(} = A’ A’I;() __A A.\‘

dt dep decay* *Po?
A5 (0)= A, =42x107Ci,

A'depAir’n (O) )e—/'l(h.‘.,‘_‘ft + a‘depf‘ir’o (O) e—lw-l
Z'decu_\' - Aejf }L - A"

A2, (3600s) = 1.02 X 10™ Ci.

Ap, =(A;, -

’

decay

eff

Scenario 2.

This scenario consists of 100 seconds of complete Po discharge from the gas
system, 10 minutes of personnel evacuation time with ventilation and aerosol deposition.
For the time scale under consideration, Po decay is negligible; Then

_ A, 62%107°Ci

= = =6.2x107Ci/s,
Bleak = 5y 100s
Mg = Py + Mgy =1.03%x107 57",
For 0 <t < 100s:
dA}, ,
-d—: = gleak - A‘eﬁAPo’
AL = _ile“k (1—e"),
off
For 100s < # < 600s:
da;, :
dt = —}'e[fAPo’

AL = AL (100s)e 1%

The total personnel inhalation is

s A
Apaea = [ Ry S22 d =138 X107 Ci = 0.0144Ci.

V,

This is equivalent to 47 hours inhalation dose at the US regulation limit.

Scenario 3.

This is a massive coolant spill accident scenario. The analysis is based on an IPPE
report[1]. In the case of coolant spill, the release of Po from the LBE is by volatile

polonium hydride formation through interaction with moist in the room air. According to




experimental data and real NPP experience, the H,Po release rate at 20°C is approximately
q=1.5E-9 (Ci/s)/Ci. Suppose the solidified coolant has an exposed surface area S and a
specific surface activity of g,(the same as in the bulk), in the same room as used in the
previous analysis, with V.=100m". The aerosol deposition rate is about 0.01s"'. Then the
room Po activity evolves as

dA

Po = As —)«
dt q Po

s — —
Ay, =a, VLBE—surface~Ia)-erpLBE = aySOp 55

where & = 0.05mm is the volatile formation surface layer thickness (Russian experience).

AP(I *

vent

APn - AdepIan - )’

decay

The equilibrium activity in the room is

1 = 99y S0P 15
o A ¥ Ay + A

vent dep decay

_ 1.5x107s™ x1Ci/ kg x10°cm® x 0.005cm x 0.01kg / cm’
2.78%107s™ +0.01s™ +8.36 X107 s™"

=7.6x107Ci,

A
c_lPo = ‘;0

r

=7.6x10"2Ci/l=25LPCy.

The personnel inhalation dose can be calculated the same way as in scenario 2. If

sufficient ventilation is provided, this activity level should decrease considerably.

The Russian submarine reactor refueling time is between 3 to 10 years and the
refueling operation is basically whole-core replacement, which gives us little information
for ATW type short refueling cycles. Other experience suggests that there is little Po effect
on the oxide films and the surface material properties, for 5~10Ci/kg Po activities in the
LBE coolant.

In the US, Po production for military and space use continued from 1940s to
1980s. Mound Laboratory’s extensive production and handling of Po stopped in 1970s.
Radiological workers monitoring revealed no significant does-response trends for all
causes combined, all cancers combined[4]. Minute quantities of Po can still be
commercially purchased from the Oak Ridge National Laboratory.

The radiological protection procedures deployed in the Russian reactor operation

include protective clothing, body showering, respirators (less effective for polonium

hydride), ventilation, and negative pressure in Po compartment. Surface contaminant Po




can be removed by a sticky paint. It should be mentioned that there is polonium in natural
environment due to the uranium-radium radioactive decay. Many articles and treatises have
been written on the subject of polonium safety[5]. It is generally agreed by the specialists
who are familiar with the Russian reactor experience and other Po handling situations that
the Po hazard associated with lead-bismuth use as reactor coolant, although not entirely
negligible, can be mitigated and kept well below regulation limits. In fact, the LBE coolant
itself is perhaps the safest place to contain polonium({1]. We are also currently evaluating
and developing means to remove polonium in case we need to do that[6].
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Appendix

The Po release models are formulated in a spreadsheet for convenience of repeated
calculations for different scenarios and parameters. The following 3 spreadsheets contain

Po release results for 3 different levels of Po specific activity in the LBE coolant: 1, 0.5,
and 5 Ci/kg.




Po Release Models

Polonium Retease Motdels

hazards in ATW systems.

This spreadsheet contains the potonium release models used for estimating polonium

The text is in LA-UR report "Pofanium #elease from an ATW Burner with Liguid
Lead-Bismuth Coolant” by Ning Li and Evgeny Yefimov, April 1998.

mput
_igas system leak rate(1/d]: jeak_rate

- Normal Operating Condition

op_room volume[mA3]: V r

_|persannel inhalation rateft/s: inhale |

el1/s]:

rate[1/s): dep

System Parameter and LBE Properties Definitions

_{Accidents Analysis: Basic Kinetic Modeling of Po Release

- ATW Burner and Coolant
Input activity]Ci/l]:_asr_Po B N
burner diameterfm]: D_s 5 U3 LPL o ~
M@Jgiqht[m]: h g 1
1im Gas System | coolant depth(mi: h LBE 15 room Po_activity w/o vent{Ci] .
icoolant tempfoC]: tc_LBE 400 specific_activity[Cil]:
5 lgas temploC]: 1c_g 400 surtace Po deposition[Cil: Ad_Po i
coofant activity]Citkgl: as 0 1.0
{ILBE densityfg/em”3]: rho_LBE 10.4
|| fraction of PbPo evap: f_PbPo 0.998 - Accident Scenario 1 : gas releases all at once, evacuation time 10 min, no
ATW Pool- | fraction of Po evap: {_Po 0.002 ventitation, no aerosal deposition (worst case)
type Bumer US Po-210 LPCICiA]: LPC 3.00E-13 o
|atlowed inhatation dose[uCi/yrk: ann_inh 0.6 tnput B
Po-210_decay constant[1/s]: decay 8.36E-08 evac_time(s]: t e1 600 R
Qutput Qutput .
coolant temp[K]: T_LBE 673 room Po activity[Cil: Ar1_Po 6.20E-05 .
gas temp[K]: T_g 673 room Pg activity[Cifi]: asrt_Po 6.20E-1Q
" linhaled PofuCi}: Po_inh 8.56E-02
{ LBE Coolant JlTevap. surtaceima); 5 e 19.6 pese 153 R
gas volume[mA3]: V g 19.6 e
coolant volume[mA3): V_LBE 295 if ventilation and deposition available )
coolant mass[tons]: M_LBE 3063 Po inhalationfuCi] 1.39E-02
surface Po activity[Ci} 1.02E-04 ~
Po_activity in LBE[Cil: A O 3.06E406
time when Po activity down to LPCihr] 0.21
- LBE Properties - Accident Scenario 2 : gas releases in 100s, evacuation time 10 min, normal
ventilation, with aerosol deposition
input Input e
specific_evap rate[Ci/mA2s/Cikgl: teak time[s}: t_leak 100
PbPC: w_PbPo 2.27E-05 -
Po: w_Po 2.06E-02 Output_
in_vacuum-in_air reduction: beta 1.00E-03 Po leak rate{Ci/s): g_leak2 6.20E-07
pure vapor pressure[Pal: PP_PbPo 1.82E-02 0<t<100s : .
pure vapor pressurefPal: PP_Po 2.39E+01 room Po activity at 100s{Ci]: A_100 3.88E-05 N P
Po_inhalationfuCi]: A_inh100 5.21E-03
Output
gross_evap rate[Ci/s}: 100s<t<600s .
PbPo: g_PbPo 4.45E-07 Po_inhalation[uCi]: A_inh500 8.62E-03 i
Po. g Po 8.07E-07 |
PbPo+Po: g O 1.25E-06 totai Po inhalationfuCi]: 1.38E-02 e
2 o of gilowad arnusl dos: 2.3¢ o _
1Ci Po210 = 0.223mg:
coolant PbPo concentration: ¢_PbPo 4.45€E-07 time when Po activity down to LPClhr] 0.22
coclant Po_concentration: ¢_Po 4.46E-10 = B
vapor pressures in gas system{Pa}: - Accident Scenario 3 : coolant spill into operating room, solidifies quickly
PbPo: P_PbPo 8.10E-09 and release Po via volatile hydride formation with moist in room, aerosol
Po: P_Po 1.07E-08 deposition rate is 0.01sA-1
Po in gas{mole}: n_Po 6.59E-11 Input N
Po activity in gas{Cil: A_Po 6.20E-05 spilled coolant surfacelm”2); S s 10 I
specific Po_activity[Cifil: as_Po H2Po reiease rate[Ci/s/Cil: q 1.50E-09

] US LD H2Po formation layerfcm]: delta 0.005] _ ~
- Po deposition on _cold surface[Ci} 15.0 Qutput B .
Po activity in room{Ci): 7.59E-07 ;7 _
specific Po activity in room{Ci/l): 7.59E-12 P

dmes LS LPC




Po Release Models (2)

Polonium Release Modols
hazards in ATW systems.

Lead-Bismuth Coolant” by Ning Li and Evgeny Yefimov, April 1998,

- Ning Li, April 1998

The text is in LA-UR report “Folonum Heicase from an ATW Burner with Li

This spreadsheet contains the polonium release models used for estimating polonium

System Parameter and LBE Properties Definitions

- Normal Operating Condition

input_

__..Po_aerosol deposition rate[1/s): dep

"~ effective ‘d'écéglﬂ éon‘star;f[iis.lg eff k

Accidents Analysis: Basic Kinetic Modeling of Po Release

_:gas system feak rate{1/d]: leak_rate
;0p. room volume[m"3]: V_r.
_personnel_inhalation rate[l/s}: inhale

tilation rate[1/s]: vent

put RN
leak rate[Ci/s]. g_leak

- ATW Burner and Coolant

.foom Po_activity{Ci]: Ar_Po

nput

‘specific activity[Cifil: asr_Po ;

burner_diameteriml: D _s | S| Lot s LS LPC H
gas system height{m]: h_g | 1 i : i e : .
m Gas System | :coolant depthim]: h_LBE 15| groomfo activity wio_vent{Ci} | treEt0
coolant temp[oCi: tc_LBE 400} ispecific activity{Ci/]: ! 1.79€-15;
“iigas temploCl: tc g 400 isurface Po deposition[Cil: Ad_Po i 2.09E-05i
icootant activity[Citkgl; as 0 8.5
{LBE densitylg/cmA3): rho LBE ! 10.4
Sl Traction of PbPo evap: {_PbPo ] 0.998 - Accident Scenario 1: gas releases all at once, evacuation time 10 min, no
2 ATW Pool- fraction of Po evap: { Po 0.002 ventilation, no aerosol deposition (worst case) L
|_type Burner | US Po-210 LPC[CiA): LPC 3.00E-13 : ~
" 15m iallowed inhatation_dosefuCi/yrl: ann_inh 0.6} 'Input ! .
TR Po-210 decay constant[1/s]: decay 8.36E-08! levac timefs]: t_e1 600! _
. Qutput 'Qutput
1. coolant temp(K): T_LBE i 673 iroom Po_activity[Cil: Ar1_Po 05
+igas templK]: T g 673 ‘room_Po_activity[Ci/l}: asr1_Po i 3.10E-10°
: ; inhaled PofuCi]: Po_inh
1 LBE Coolant /ievap. surlaceim2k S_e 19.6] pe ;
: igas volume{m?3]: V_g 19.6 i i
: icoolant volumelm~3]: V_LBE 295 {if ventilation and deposition available !
! icoolant massitons]: M_LBE 3063 Po_inhalation[uCi} 6.93E-03!
i ; surface Po_activity[Ci] 5.10E-05 il
] i {Po activity in LBE[CI]: A O 1.53E+06 N o
: : i time when Po activity down to LPCfhr] 0.19' o
i 3 T
| ' !
1
- LBE Properties - Accident Scenario 2 : gas releases in 100s, evacuation time 10 min, normal
ventifation, with aerosol deposition
_ input input f . _
specitic_evap rate[Ci/mA2s/Cifkg): leak time[s): t leak 100!
1 i PbPO: w_PbPo . 2.27E-05 ) _
‘Po: w_Po | 2.06E-02 ‘Output :
; {in_vacuum-in_air reduction: beta : 1.00€-03 Po leak rate[Ci/s]: g_leak2 3.10E-07
B i l i R
i ; : pure vapor pressure[Pal: PP_PbPo 1.82E-02 0<t<10Qs i L
; pure vapor pressure[Paj: PP_Po 2.39E+01 room Po_activity at 100s[Ci}: A_100 ! 1.94E-05
H 0 Po _inhatation[uCil: A_inh10Q : 2.60E-03
i :Output :
i i __igross evap rate[Cifg]: 100s<t<600s : i
: : {PbPo: g_PbPo 2.22E-07 Po_inhalation[uCi}; A_inh500 4.31€-03! R
: g "Po: q_Po 4.04E-07 :
_ . B iPbPo+P0: g 0 6.26E-07 total Po inhalation[uCi}: 6.91E-03!
: i 3 iage of aliowad annual & 1 i
: : 1Ci Po210 = 0.223mg: i :
H coolant PbPo concentration: ¢_PbPo 2.23E-07; _itime when Po_activity down to LPClhr} 0.20!
i coolant Po concentration: ¢_Po 2.23E-10} i : R
! : i 1
. ! vapor pressures in gas systemjPaj: : - Accident Scenaro 3 : cootant spill into operating room, solidifies quickly
! {PoPo: P_PbPo 4.05E-09 and release Po via volatile hydride formation with moist in room, aerosol
: :Po: P _Po 5.33E-09i deposition rate is 0.01s7-1 e
iPo in_gas[mole]: n_Po 3.29E-11! iinput |
... Po activity in_gas[Ci]: A_Po 3.10E-05] spilled coolant surface[m™2): S.s . 100 R
. _.specific Po activity[Cill]: as_Po 1.58E-09] H2Po release ratefCi/s/Ci}: g 1.50E-09, . .
—— # : " 5 : H2Po formation layerfcm]: deita - 0.005'5 _
i : !

7.5

Qutput . i

'Po_activity in_room[Cil;

|specitic Po_activity in room|Ci/i}:

{6 of imes US LPC

A2




Po Release Models (3)

[
Polonium Retease Models . Accidents Analysis: Basic Kinetic Modeling of Po Release

This spreadsheet contains the polonium release models used for estimating polonium l Normai Operating Condition
hazards in ATW systems. o i T

. » A S -
The text is in LA-UR report "Potonium Release from an ATW Burner with Liguid ‘gas system leak ratel1/d]: leak_rate 0.005

Lead-Bismuth Cootant® by Ning Li and Evgeny Yefimov, April 1998.

e e, OB £OOM vOlUME[MAS]: V1 - 100,
- Ning Li, April 1998 L e .. 0.23
S e — . e e [ S 2.78E-04,
- SO SO 1.00E-02:.
. Cowtput T .
System Parameter and LBE Properties Definitions i .. . .Po leak rate[Ci/s]: g_leak . V79E-11:
_____ .eflective decay constant[1/s]: e . 1.03E-02;

- ATW Bumer and Coolant

i i i

i Input . e e e
i burner diameter[m]: D s . o 5: _
igas system heightfm: hg - ;1

coolant depth[m]: h_LBE ) 15 .foom F’BAacti;ity w/o vent{Ci] _ : 1.79E-09.
Gas System [T-oolant temploCl: to LBE : 400, ‘specific_activity]Cifi]: L 1.79E-14.

| 5m diameter

gas tempfoCl: tc g : 4001 :surface Po deposition[Ci}: Ad_Po 1 _2.09E-04,

coofant activity[Ci/kgl: as © : 5.0
LBE density[g/cmA3]: rho LBE i 10.4
i fraction of PbPo evap: { PbPo : 0.998 - Accident Scenario 1: gas releases all at once, evacuation time 10 min, no

ATW Pool- |- fraction of Po evap: {_Po ; 0.002 venlilation, no aerosol deposition (worst case)
pe Burner US Po-210 LPCICIN): LPC | 3.00E-13 ! o
atllowed inhalation dose[uCi/yr}: ann_inh ; 0.6 input
Po-210 decay constant{i/s}: decay . 8.36E-08' revac timefs]: t_el R
Output iOutput
coolant temp[K]: T_LBE . 673. :room Po_activity[Cil: Ar1_Po :
gas templK]: T.9 : 673! ‘room Po_activity[Cil]: asri_Po ;
: : linhaled Po[uCi}: i
{LBE Coolant |{fevap. surtacer2): S o ! 19.6! &
; gas volume[mn3]: V_g : 19.6! ] ;
B . ‘coolant volume[m~3}: V_LBE ; 295 if ventilation and_deposition available :
; 'coofant mass[tons]: M_LBE 3063 -Pg inhalation[uCil :
i i i isurtace Po_activity[Ci] ;
.Po activity in LBE[Ci]: A O 1.53E+07 : :
| | itime when Po activity down to LPCInr]i )
T T H T
; ! - R
- LBE Properties - Accident Scenario 2 : gas releases in 100s, evacuation time 10 min, normat
ventilation, with aerosol deposition o
1 i i H i
; : ‘Input : ! input : S
| i {specific_evap rate{Ci/m~2s/Ci/kal: i leak timefsl: ¢ leak P _100.
L i {PbPO: w_PbPo 1 2.27E-05, .
] ! \Po: w_Po . 2.06E-02 Output i )
; lin_vacuum-in_air reduction: beta | 1.00E-03 Po teak rate[Ci/s): g_leak2 ; 3.10E-06:
ipure vapor pressure[Pa): PP_PbPo . 1.82E-02 0<t<100s i
ipure vapor pressurefPaj: PP_Po i 2.39E+01 ‘room Po activity at 100s[Ci}: A_100 : 1.941
i :Po_inhatationfuCi]: A_inh100 280
;Output ; | . .
‘gross evap rate[Ci/s]: ! 1100s<t<600s :
i PbPo: g_PbPo 2.22E-06) iPo_inhalation[uCil: A_inh500 4.31E-02! o ~
IPo.q Po 4.04E-08] ! :
PbPo+Po: g 0 6.26E-06 total Po inhalationfuCi}: -
of < ann _
1Ci Po210 = 0.223mg: o
coolant PbPo concentration: ¢_PbPo 2.23E-06 time when Po activity down to LPC[hr] I
: coolant Po concentration: ¢_Po 2.23E-09 . L
i H B
i ! _ivapor pressures in gas systemjPal. H - Accident Scenario 3 : coolant spilt into operating room, solidifies quickly
: " 1PbPo:P_PbPo i 4.05E-08: and release Po via volatile hydride formation with moist in room, aerosol
"Po: P_Po T 5.33E-081 deposition rate is 0.01s7-1

‘Input

i iPo_in gas{mole]: n_Po
H Po activity in_gas[Cil: A_Po spiled coolant surface[m~2]: S_s =
i {specific Po activity[Ci/th: as_Po ..__H2Po release rate[Ci/s/Cil: q H 1.50E-09/

I ! & H2Po formation layericm]; deita __ _0.005; .
- 'Po_deposition on cold surfacelGil__ “Output o
_ : o Po activity in_room|Ci}: . . 3.79E-06; B
e _ e ; ispecific Po activity in room[Cifi}:_ ' 3.79E-11.
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