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CALCULATION NOTES THAT SUPPORT ACCIDENT SCENARIO AND CONSEQUENCE DEVELOPMENT 
FOR THE STEAM INTRUSION FROM INTERFACING SYSTEMS ACCIDENT 

1.0 INTRODUCTION AND PURPOSE 

Th is  document supports t h e  development and p resen ta t i on  o f  t h e  f o l l o w i n g  
acc ident  scenar io  i n  the  TWRS F i n a l  Safety  Ana lys i s  Report (FSAR): 

Steam I n t r u s i o n  From I n t e r f a c i n g  Systems. 

The c a l c u l a t i o n s  needed t o  q u a n t i f y  t he  r i s k  associated w i t h  t h i s  
acc ident  scenar io  are i nc luded  i n  t h e  f o l l o w i n g  sec t i ons  t o  a i d  i n  t h e  
understanding o f  t h i s  acc ident  scenar io .  

use s p e c i f i c a l l y  i n  t h i s  ana lys i s  are i nc luded  i n  Appendix A. 
forms are a l s o  on f i l e  w i t h  TWRS P r o j e c t  F i l e s .  

t r a d i t i o n a l  (Eng l i sh )  u n i t s  t o  a i d  understanding o f  t h e  acc ident  scenar io  and 
re1 ated parameters. 

I n fo rma t ion  v a l i d a t i o n  forms c i t i n g  assumptions t h a t  were approved f o r  
Copies o f  these 

Ca lcu la t i ons  performed i n  t h i s  document, i n  genera l ,  are expressed i n  

1.1 ACCIDENT SCENARIO DESCRIPTION 

The hazard ana lys i s  performed f o r  t he  tank  farms i d e n t i f i e d  operat ions 
a t  i n t e r f a c i n g  f a c i l i t i e s  o r  systems t h a t  may impact t ank  farm operat ions.  
Th is  document i n v e s t i g a t e s  steam j e t  t r a n s f e r s  from i n t e r f a c i n g  f a c i l i t i e s .  
P o t e n t i a l  acc ident  causes and cond i t i ons  r e l a t i n g  t o  steam j e t  waste t r a n s f e r s  
are documented i n  Appendix B. 

waste t r a n s f e r )  i n t o  a waste s torage tank  may increase t h e  tank  headspace 
pressure and r e s u l t  i n  an aerosol re lease  through u n f i l t e r e d  pathways (e.g., 
cover b locks,  and capped r i s e r s ) .  A d d i t i o n a l l y ,  i f  t h e  d i f f e r e n t i a l  pressure 
i n  t h e  tank  i s  shown t o  be approx imate ly  10" water gauge, HEPA f i l t e r  r u p t u r e  
i s  cons idered t o  occur and the  q u a n t i t y  o f  waste from a HEPA f i l t e r  r u p t u r e  
should be added t o  t h e  i nven to ry  re leased from the  headspace a i r .  
scenar io  such as t h i s  may p o t e n t i a l l y  r e s u l t  i n  s i g n i f i c a n t  o n s i t e  
consequences. 

farms by t h e  use o f  a steam j e t  i nc lude  Z-Plant (PFP), 222-S Laboratory ,  242-A 
Evaporator, PUREX, and T-Plant .  The 244-AR Vau l t  i s  n o t  cons idered an 
i n t e r f a c i n g  f a c i l i t y  ( s ince  i t  i s  a TWRS f a c i l i t y )  b u t  t h e  p o t e n t i a l  f l o w r a t e  
o f  steam from t h i s  f a c i l i t y  t o  tank  farms was considered t o  be bounding i n  
t h i s  ana lys i s  (see Assumptions, Sect ion 1.3). Th i s  i s  cons idered approp r ia te  
s ince  steam has n o t  been p h y s i c a l l y  b lanked-of f  t o  t h i s  f a c i l i t y  and f u t u r e  
t r a n s f e r s  o f  waste ou t  o f  t h i s  f a c i l i t y  w i l l  most l i k e l y  be i n i t i a t e d  by t h e  
steam j e t  t r a n s f e r  method. 
maximum f l e x i b i l i t y  i n  f u t u r e  operat ions.  

I n  the  scenar io  analyzed, a l i q u i d  waste t r a n s f e r  t o  a double-shel l  t ank  
i s  i n i t i a t e d  from a process f a c i l i t y  (e.g., t h e  242-A Evaporator) us ing  a 
steam j e t  as t h e  mot ive f o r c e  t o  move t h e  l i q u i d .  

It i s  pos tu la ted  t h a t  t h e  i n t r o d u c t i o n  o f  raw steam ( a t  t h e  end o f  a 

An acc ident  

I n t e r f a c i n g  f a c i l i t i e s  o r  systems t h a t  cou ld  p o t e n t i a l l y  impact t ank  

Performing the  ana lys i s  i n  t h i s  manner a l l ows  

A f t e r  t h e  waste has been 
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t rans fe r red ,  t h e  steam j e t  i s  n o t  shut  o f f  (as a r e s u l t  o f  ope ra to r  e r r o r  o r  
equipment f a i l u r e )  and pure steam i s  rou ted  t o  the  headspace o f  t h e  r e c e i v i n g  
tank.  I t  i s  assumed t h a t  90 p s i g  sa tu ra ted  steam i s  exhausted i n t o  the  
headspace o f  a f u l l  double-shel l  t ank  a t  a f l o w  r a t e  o f  2,400 lb,/hr. 

steam j e t  waste t r a n s f e r s .  A double-shel l  t ank  was chosen t o  be analyzed 
s ince  i t  has a p o t e n t i a l l y  l a r g e r  headspace ( a l l o w i n g  f o r  more p a r t i c u l a t e s  i n  
a re lease ) .  
r e c e i v e r  tank,  g i ven  t h e  reduced headspace a v a i l a b l e .  

Both double-shel l  tanks and double-contained r e c e i v e r  tanks may rece ive  

Lesser consequences would be c a l c u l a t e d  f o r  a double-contained 

1 .2  ACCIDENT FREQUENCY DEVELOPMENT 

The p r i o r  ope ra t i ona l  h i s t o r y  o f  t he  tank  farms was t h e  s i n g l e  f a c t o r  
considered when a frequency o f  a n t i c i p a t e d  was q u a l i t a t i v e l y  assigned t o  t h i s  
acc ident  scenar io .  Although no w r i t t e n  documentation o f  p rev ious  i n c i d e n t s  
could be l oca ted ,  p r i o r  ope ra t i ona l  h i s t o r y  has shown t h a t  a scenar io  such as 
t h i s  i s  poss ib le  today (due t o  the  use o f  steam j e t s  f o r  t r a n s f e r r i n g  waste). 

The frequency o f  t h i s  acc ident  w i l l  d im in i sh  as t h e  use o f  steam j e t s  
from process f a c i l i t i e s  i s  f u r t h e r  l i m i t e d  due t o  ongoing and f u t u r e  
decontamination and decommissioning a c t i v i t i e s .  

t he  r i s k  acceptance gu ide l i nes  f o r  a n t i c i p a t e d  acc idents  as p rov ided  i n  
WHC-CM-4-46, Rev. 1. 

The consequences associated w i t h  t h i s  acc ident  scenar io  are compared t o  

1.3 ASSUMPTIONS 

The f o l l o w i n g  assumptions are considered i n  the  ana lys i s  o f  t h i s  

A The sa tu ra ted  steam i n  t h i s  acc ident  scenar io  i s  assumed t o  behave 

acc ident  scenar io :  

as an i d e a l  gas, so i d e a l  gas r e l a t i o n s h i p s  h o l d  ( i . e . ,  PV=nRT). 

The i n j e c t i o n  o f  steam i n t o  t h e  tank  headspace i s  conse rva t i ve l y  
assumed t o  be ad iaba t i c  ( i . e . ,  no heat t r a n s f e r  t o  t h e  tank  w a l l s  
o r  waste su r face ) .  

waste.) 

The steam in t roduced i n t o  the  headspace mixes p e r f e c t l y  w i t h  t h e  
headspace a i r .  
absorbed u n i f o r m l y  by the  headspace c o n s t i t u e n t s .  

headspace i s  2,400 lbm/hr (0.667 l b  /sec) from IVF-Chapter 3-07 i n  
Appendix A. 
t r a n s f e r s  from t h e  two f a c i l i t i e s  i d e n t i f i e d  w i t h  steam i n t r u s i o n  
p o t e n t i a l ,  242-A Evaporator (200E) and PFP (ZOOW) .  

F The sa tu ra ted  steam pressure i s  90 p s i g  (-105 ps ia )  from 
IVF-Chapter 3-07 i n  Appendix A. F a c i l i t i e s  us ing  process steam 
have equipment (pressure reducing va lves,  e t c . )  t o  ensure t h a t  t he  
steam used f o r  a p a r t i c u l a r  process i s  a t  t h e  c o r r e c t  pressure 

B 

C Saturated steam i s  i n j e c t e d  i n t o  t h e  tank  headspace ( n o t  i n t o  t h e  

D 
The heat re leased from the  steam i s  assumed t o  be 

E The sa tu ra ted  steam f l o w  r a t e ,  mdot, i n t roduced  i n t o  t h e  tank  

Th is  f l o w  r a t e  i s  consqdered t o  bound steam j e t  
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(e.g., 90 p s i g  f o r  t he  242 Evaporator and 50 p s i g  f o r  PFP). 
h ighe r  steam pressure would heat up the  headspace gases f a s t e r  
( t h e  enthalpy o f  225 p s i g  steam i s  h ighe r  than 90 p s i g  steam) 
r e s u l t i n g  i n  l e s s  than a 5% increase i n  t h e  15 minute averaged 
f l o w  r a t e .  

The 

G The sa tu ra ted  steam i s  in t roduced i n t o  a p a r t i a l l y  f u l l  
double-shel l  tank.  
here: 

The headspace volume, volhs, i s  c a l c u l a t e d  

vo lhs = (1.406 * l o 6  g a l )  - (waste depth) * (2750 g a l / i n )  
= (1.406 * l o 6  g a l )  - (212 i n )  * (2750 g a l / i n )  
= 823,200 gal  = 110,000 ft3 

H The headspace a i r  temperature (Ths) i s  assumed t o  be i n i t i a l l y  a t  
150 " F  (610 OR). 

I The double-shel l  t ank  i s  assumed t o  be p a s s i v e l y  v e n t i l a t e d  ( i .e . ,  
v e n t i l a t i o n  system i s  shutdown) w i t h  HEPA f i l t e r s  i n s t a l l e d  i n  t h e  
v e n t i l a t i o n  system. No c r e d i t  i s  taken f o r  t he  HEPA f i l t e r s  i n  
m i t i g a t i n g  t h e  re lease,  b u t  t h e  r a d i o a c t i v e  and t o x i c  m a t e r i a l  
p r e v i o u s l y  t rapped by the  HEPA f i l t e r s  i s  i nc luded  i n  t h e  re lease.  

J I n i t i a l  pressure i n s i d e  tank  headspace (Phs) i s  atmospheric a t  

K 

14.7 ps ia .  

To o b t a i n  t h e  va lue o f  t h e  f l o w  c o e f f i c i e n t  f o r  t h e  amount o f  gas 
t h a t  w i l l  leave the  tank  through the  u n f i l t e r e d  in- leakage 
pathways the  f o l l o w i n g  mod i f i ed  Darcy equat ion i s  used 
(Crane, eq. 3-20): 

'vent 

cvd = dzLz- 

cVd = 87.7 rrf sec kr.s r 7 a . s  

where: 

f t 3  W,,,, = 100 cfm = 1.67 - 
sec 

A Pn,,, = 2 i n .  WG = 0.0049 atm 

pair = 0.073 .!k a t  80 F 
f t 3  
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L C r e d i t  i s  taken f o r  f l o w  ou t  a v e n t i l a t i o n  duc t  pathway d u r i n g  the  
p r e s s u r i z a t i o n  by doub l i ng  t h e  vent  c o e f f i c i e n t .  

The atmosphere i n  the  headspace d u r i n g  the  acc iden t  i s  t r e a t e d  as 
an i d e a l  gas comprised o f  a i r  and steam w i t h  t h e  f o l l o w i n g  
p r o p e r t i e s  (Cengel and Boles, 1994): 

The d e n s i t y  o f  t h e  a i r  i n  the  headspace, rhoai,, i s  a 
f u n c t i o n  o f  t h e  headspace temperature, headspace pressure 
and the  number o f  moles o f  a i r  l e f t  i n  t h e  headspace. 

M 

cpair = 0.235 BTU/lb,-"F 

mwai, = 28.97 lb,/lbmole 

The steam in t roduced i n t o  t h e  headspace a l s o  t r e a t e d  as an i d e a l  
gas w i t h  the  f o l l o w i n g  p r o p e r t i e s  (Cengel and Boles, 1994): 

The d e n s i t y  o f  t he  steam, rhosteam, i s  a f u n c t i o n  o f  t h e  
headspace temperature, headspace pressure and t h e  number o f  
moles l e f t  i n  t h e  headspace. T rea t i ng  steam as an i d e a l  gas 
over est imates the  d e n s i t y  by l e s s  than 2% a t  t h e  i n i t i a l  
temperature and under est imates the  d e n s i t y  by 6% a t  t he  
maximum t r a n s i e n t  temperature as compared t o  t h e  ac tua l  
steam tab les .  

cpSteam = 0.44 BTU/lb,-"F 

mwSteam = 18.015 1bJlbmole 

N Mass and number o f  moles o f  a i r  i n i t i a l l y  i n  t h e  headspace: 

mair = p . (150°F) vo l  
= (0%55 l b / f t 3 )  (!:lo x l o 5  ft3)] 
= 7,160 l b  

nair = m . / mwair 
= 28y 1 bm-mol es 

0 Standard steam t a b l e s  are used t o  f i n d  enthalpy o f  sa tu ra ted  steam 
(Cengel and Boles, 1994). 

hg(90 ps ig )  = 1188.8 BTU/lbm 

hg(150 F )  = 1126.1 BTU/lbm 

P A constant  heat  a d d i t i o n  from t h e  steam i s  assumed, c a l c u l a t e d  as 
shown: 
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4 The universal gas constant, R" = 0.73023 (ft3 atm)/(lbmole-"R). 

1.4 METHODOLOGY AND ANALYSIS TECHNIQUES 

Using the assumptions described in Section 1.3, the dynamic behavior of 
the steam intrusion into the tank headspace is analyzed using the ideal gas 
law and the principles of conservation o f  energy and mass. 
step in the calculation, the intruded steam adds mass and energy to the totals 
within headspace. Mass and energy are also lost from the headspace via the 
venting. At each time interval, dt, a new temperature and pressure of the 
tank headspace is calculated to determine the net change in the heat and mass 
within the headspace. The calculation continues until an equilibrium 
temperature and pressure is reached where the mass and energy of the steam 
flow into the tank is equal to the mass and energy flow out the vent system. 

Chapter 3-07). The initial headspace temperature, Th , is used as a reference 
for calculating the energy flow in and out of the tanfk. 

During each time 

Analysis starts with the following initial headspace conditions ( I V F -  

T,, = 150°F 

P,, = 14.7 psia 

mhs = %ir %team 

= 7,160 lb,t 0 lb, 

The calculation process uses the conditions from previous step to calculate 
the new conditions in the following steps: 

Step 1: Calculate the properties of the mixture of air and steam in 
the tank headspace for the present conditions. 

Step 2: Calculate the mass fraction of steam and air, mfi in the 
headspace. 
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Step 3: Ca lcu la te  t h e  f l o w  o f  t h e  headspace m i x t u r e  o u t  t h e  vent 
paths. 

flow,,,,(t) = cVd [ p r e s s ( t )  rhomi,(t) 

Step 4: Determine the  mass o f  a i r  and steam i n  t h e  headspace f o r  t he  
nex t  t ime  i n t e r v a l .  

m,,,(t+dt) = mai,(t) - [flow,,,,(t) rhomi,(t) mfai,.(t)l d t  

Step 5: Determine the  new headspace temperature r e s u l t i n g  from t h e  
a d d i t i o n  o f  steam i n t o  t h e  headspace and t h e  l o s t  o f  energy 
by t h e  ven t ing  gas m ix tu re .  The energy i n  the  system i s  
re ferenced t o  the  i n i t i a l  temperature i n  t h e  headspace. 

qvent(t) = (ThS(t)-150"F) flowven,(t) rho,,,(t) cPmi,(t) 

Step 6: F i n a l l y  t he  new pressure i n  the  headspace us ing  the  i d e a l  
gas equat ion and t h e  new headspace cond i t i ons :  

These s i x  s teps are repeated f o r  each new t ime  i n t e r v a l  f o r  t h e  l e n g t h  
o f  t he  t r a n s i e n t .  

1.4.1 Analysis Resul ts  

and tank  cond i t i ons ,  t h e  tank  headspace i s  pressur ized.  
temperature, pressure and f l o w  r a t e s  p r e d i c t e d  f o r  t h i s  acc ident .  
s u f f i c i e n t  pressure t o  chal lenge t h e  v e n t i l a t i o n  f i l t e r  HEPA f i l t e r s .  

cont inue u n t i l  t h e  headspace i s  f i l l e d  w i t h  steam and the  temperature and 
pressure reach an e q u i l i b r i u m .  
ou t  t he  v e n t i l a t i o n  system matches the  i n p u t  f l o w  by d e f i n i t i o n .  

steam flow, t h e  steam i n  t h e  s t e a m - f i l l e d  headspace would begin t o  condenses 
t o  water. 
decrease, p o t e n t i a l l y  c r e a t i n g  a nega t i ve  pressure i n  t h e  tank.  However, 
because t h e  l e n g t h  o f  t ime  o f  t he  acc ident ,  t he  tanks w a l l s  and dome should be 
near t h e  same temperature as t h e  headspace gas a t  t h e  end o f  t h e  acc ident .  
Head l o s s  from a pass ive tank  by conduction through the  cove r ing  s o i l  i s  very  
slow a l l o w i n g  the  headspace pressure e a s i l y  remain equal ized w i t h  the  
atmospheric pressure.  

The ana lys i s  r e s u l t s  (Appendix E) show t h a t  f o r  assumed steam parameters 
Table C - 1  g i ves  t h e  

There i s  

A f t e r  t he  HEPA f i l t e r s  f a i l ,  t he  steam f l o w  i n t o  t h e  tank  i s  assumed t o  

A t  t h i s  cond i t i on ,  t h e  mass and energy f l o w  

When t h e  steam supply  i s  f i n a l l y  s h u t - o f f  upon t h e  d i scove ry  o f  upset 

Wi th t h e  steam condensation, t h e  pressure i n  t h e  tank  would 
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1.5 RADIOLOGICAL AND TOXICOLOGICAL SOURCE TERN 

To conserva t i ve l y  c a l c u l a t e  the  dose consequences f rom t h i s  acc iden t  
scenario, t he  e n t i r e  volume o f  contaminated a i r  t h a t  was i n i t i a l l y  present  i n  
t h e  headspace o f  a h a l f - f u l l  t ank  (V, = 3 . 1  x l o 3  m3 o f  a i r )  i s  assumed t o  be 
vented d i r e c t l y  t o  t h e  atmosphere w i t i o u t  be ing f i l t e r e d .  
conse rva t i ve  va lue s ince  ana lys i s  shows t h a t  l e s s  than 4% o f  t h e  headspace a i r  
i s  vented p r i o r  t o  t h e  assumed HEPA f i l t e r  rup tu re .  Subsequent re leases from 
t h e  headspace volume are assumed t o  be comprised o f  "c lean"  steam and are n o t  
q u a n t i f i e d  o r  cons idered i n  t h e  dose c a l c u l a t i o n .  The h a l f - f u l l  t ank  scenar io  
was conserva t i ve l y  chosen as the  example used f o r  t h i s  ana lys i s  because the  
acc ident  consequence was more severe f o r  t h i s  scenar io  than f o r  a tank  f u l l  o f  
waste. 
f o r  t he  h a l f - f u l l  tank.  
t a b l e s  i n  Appendix F. 

Th is  i s  a 

The consequences c a l c u l a t e d  f o r  t he  empty tank  were s i m i l a r  t o  those 
The r e s u l t s  o f  these analyses are i nc luded  i n  the  

The p a r t i t i o n  f r a c t i o n  used t o  determine t h e  amount o f  contaminat ion i n  
Th is  i s  t he  va lue f o r  a g i t a t e d  waste s torage the  headspace a i r  i s  1.0 x 10". 

tanks under a c t i v e  v e n t i l a t i o n  and i s  based on i n f o r m a t i o n  t h a t  has been 
publ ished i n  RHO-RE-SA-216, Charac te r i za t i on  o f  A i rbo rne  Radionucl ide 
P a r t i c u l a t e s  i n  V e n t i l a t e d  L i q u i d  Waste Tanks. Th is  i s  cons idered t o  be a 
conserva t i ve  va lue s ince  a major assumption i n  t h i s  ana lys i s  i s  t h a t  t he  tank  
i s  under pass ive v e n t i l a t i o n ,  a l though t h i s  va lue would account f o r  any 
m a t e r i a l  t h a t  may have been suspended from t h e  waste t r a n s f e r  t h a t  occurred 
p r i o r  t o  t h e  s t a r t  o f  t h i s  acc ident  scenar io .  From the  same reference,  a 
p a r t i t i o n  f r a c t i o n  o f  1.0 x 10.'' can be i n f e r r e d  f o r  use w i t h  p a s s i v e l y  
v e n t i l a t e d  tanks.  

C a l c u l a t i n g  t h e  amount o f  r e s p i r a b l e  ma te r ia l  re leased from t h e  
headspace a i r :  

V,, x ( p a r t i t i o n  f r a c t i o n )  = Amount o f  r e s p i r a b l e  ma te r ia l  re leased 

(3 .1  i o 3  m3)(1.0 i o -8 )  = 3 . 1  m3 

Conver t ing t o  l i t e r s ,  

(3.1 x m3)(l,000 L/m3) = 3.1 x l o - *  L 

A d d i t i o n a l l y ,  s ince i t  i s  poss ib le  t o  p ressu r i ze  t h e  tank  headspace t o  a 
p o i n t  t h a t  would r u p t u r e  contaminated HEPA f i l t e r s  present  i n  t h e  shutdown 
v e n t i l a t i o n  system, t h i s  q u a n t i t y  i s  added t o  the  t o t a l  re leased.  For 
consis tency between va r ious  analyses, t he  values f o r  HEPA f i l t e r  re lease  
amounts are taken from standard i n fo rma t ion  t h a t  has been developed 
s p e c i f i c a l l y  f o r  t h i s  FSAR e f f o r t  (Van V lee t  1996). 

re leased from t h e  HEPA f i l t e r  r u p t u r e  i s  1.0 x Th is  va lue i s  based on 
i n fo rma t ion  presented i n  DOE-HDBK-3010-94, A i rbo rne  Release F rac t i ons lRa tes  
and Resp i rab le  F r a c t i o n s  f o r  Nonreactor Nuclear  F a c i l i t i e s  and i s  in tended t o  
be app l i ed  t o  HEPA f i l t e r  media w i t h  no enc losure o r  f o r  which t h e  enc losure 
has been t o t a l l y  dest royed and the  f i l t e r  media w ide ly  sca t te red  and impacted. 
Th is  i s  n o t  t y p i c a l l y  a foreseeable c o n d i t i o n  i n  t h i s  acc ident  scenar io .  Th i s  
va lue i s  cons idered t o  be conservat ive f o r  t h i s  reason and t h e  f a c t  t h a t  t h e  
f i l t e r  media would l i k e l y  be a t  l e a s t  mois t  ( i f  n o t  soggy) from being exposed 
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t o  a s i zeab le  steam f l o w  ( o r  very  humid atmosphere), a l l o w i n g  l e s s  t o  be 
re leased i n  a r u p t u r e  event. 

The amount o f  r e s p i r a b l e  ma te r ia l  re leased from t h e  HEPA f i l t e r  rup tu re :  

Q l a  DST 0.0009790 L (Appendix F) 
Q l b  AWF 0.005618 L (Appendix F )  

The r e s u l t i n g  a i rbo rne  source term i n  t h e  acc iden t  scenar io  was 
determined by adding the  f r a c t i o n s  re leased from t h e  vented headspace a i r  
and t h e  HEPA f i l t e r  rup tu re .  Th is  t o t a l  i s :  

Q2a 41, 

3.1 x L + 9.79 x L = 3.2 x L 

It i s  assumed t h a t  t h e  a i rbo rne  source term bo th  en t ra ined  i n  t h e  
headspace and present  on t h e  HEPA f i l t e r s  i s  made up o f  DST l i q u i d s .  A l l  o f  
t h e  r e s u l t i n g  a i rbo rne  source term i s  conserva t i ve l y  assumed t o  be re leased i n  
a s h o r t  p e r i o d  t ime  such t h a t  t h i s  i s  considered an acute re lease.  
Appropr ia te d i s p e r s i o n  c o e f f i c i e n t s  and b rea th ing  r a t e s  are app l i ed  t o  develop 
t h e  r a d i o l o g i c a l  consequences (Van Keuren 1996a). 

Tox i co log i ca l  consequences are c a l c u l a t e d  us ing  as a peak re lease,  t h e  
t o t a l  r e s p i r a b l e  amount o f  waste produced du r ing  ven t ing  o f  t h e  headspace a i r  
and the  HEPA f i l t e r  r u p t u r e  ( i . e . ,  3.21 x 10" L ) .  
t o x i c o l o g i c a l  consequences are developed conserva t i ve l y  f o r  both t h e  o n s i t e  
and o f f s i t e  recep to r .  

1.6 CALCULATED RADIOLOGICAL DOSES 

Th is  ensures t h a t  

The methodology t h a t  i s  used t o  c a l c u l a t e  r a d i o l o g i c a l  dose consequences 
i s  documented i n  WHC-SD-WM-SARR-016, Rev. 2, Tank Waste Composit ions and 
Atmospheric D ispe rs ion  C o e f f i c i e n t s  f o r  use i n  ASA Consequence Assessments and 
WHC-SD-WM-SARR-037, Rev. 0, Development o f  R a d i o l o g i c a l  Concentrat ions and 
U n i t  L i t e r  Doses f o r  TWRS FSAR Rad io log i ca l  Consequence Ca lcu la t i ons .  

1.6.1 I n p u t  Data 

U n i t  L i t e r  Doses (ULDs)  

The ULDs f o r  t h i s  ana lys i s  are taken from WHC-SD-WM-SARR-037, Rev. 0, 
Development o f  R a d i o l o g i c a l  Concentrat ions and U n i t  L i t e r  Doses f o r  TWRS FSAR 
R a d i o l o g i c a l  Consequence Ca lcu la t i ons .  

ULD, = 6.1 x l o 3  Sv/L ( i n h a l a t i o n  dose) 
ULD, = 0.07 Sv-m3/s-L ( i n g e s t i o n  dose) 

D ispe rs ion  C o e f f i c i e n t s  ( X I Q ' s )  

The o n s i t e  recep to r  i s  chosen t o  be a t  a d i s tance  o f  100 m and the  
o f f s i t e  recep to r  i s  chosen t o  be a t  a d i s tance  o f  8,760 m t o  t h e  Nor th.  
Methodology s e c t i o n  o f  t he  TWRS FSAR con ta ins  a d d i t i o n a l  d e t a i l s  concern ing 
the  recep to r  l o c a t i o n s .  

The 
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The f o l l o w i n g  o n s i t e  and o f f s i t e  , y /Q 's  are from Van Keuren 1996a. 

Ons i te  - The,y/Q'  f o r  t h e  acute re lease  i s  3.4 X 

The ,y /Q'  f o r  t h e  2-hour re lease  i s  1.13 X 

The ,y/Q' f o r  t h e  c h r o n i c  re lease  i s  4.03 X 

O f f s i t e  - The,y/Q'  f o r  t h e  acute re lease  i s  2.8 X 

The ,y /Q'  f o r  t he  2-hour re lease  i s  2.12 X 

The x /Q'  f o r  t he  ch ron ic  re lease  i s  1.24 X 

s/m3 

s/m3 

s/m3 

s/m3 

s/m3 

s/m3 

The ,y/Q' values f o r  re leases g r e a t e r  than 2 hours bu t  l e s s  than 1 year  (8760 
h rs )  are determined us ing  l o g a r i t h m i c  i n t e r p o l a t i o n .  

Thus, f o r  ,y equal t o  some t ime  g rea te r  than 2 hours b u t  l e s s  than 8760 hrs ,  
t h e  equat ion can be so lved f o r  t he  k/Q') .,,r. 
t h e  c a l c u l a t i o n .  See Appendix F f o r  t h e  t ime  pe r iods  and i n t e r p o l a t e d  ,y/Q' 
va lues.  

B rea th ing  Rate (BR) 

Th is  va lue i s  what i s  used i n  

3.3 x m3/s l i g h t  a c t i v i t y  b rea th ing  r a t e  i s  used t o  c a l c u l a t e  
consequences t o  both the  o n s i t e  and o f f s i t e  recep to rs  (Van Keuren 
1996a). 

Amount o f  M a t e r i a l  Released (Q) 

Q = 3.2 x L. 

Using t h e  formula presented on page 4-4 o f  Van Keuren (1996a) and 
m o d i f i c a t i o n s  f o r  a 24 hour i n g e s t i o n  dose t o  the  o f f s i t e  r e c e p t o r  from Cowley 
e t  a l .  (1996), t he  r a d i o l o g i c a l  dose consequences can be ca l cu la ted .  

1.6.2 Cal c u l  a t i o n s  

Ons i te  Consequences: 

D ( sv )  = Q (L)  x X (s /m3)  x R [ m 3 / s ]  x ULD,,[SV/LI Q' 
I n h a l a t i o n  Dose: 

D (Sv) = (3.2 x L)(7.51 x s/m3)(3.3 x m3/s)(6.1 x l o 3  Sv/L) 

D ( S V )  = 4.838 x sv 
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O f f s i t e  Consequences: 

D (Sv) = Q (L) x 5 ( s / m 3 )  x ( (  R [ m 3 / s ]  x ULD+,[Sv/L]) + ULD,[Svm3/s-L]) 
0 

D (SV)  = (3.2 x i o - *  L ) ( I . ~  x 1 0 ' ~  s/m3)[(3.3 x 1 0 ' ~  m3/s)(6.1 x i o 3  SV/L )  t 
0.068 Sv-m3/s-L] 

D (Sv) = 7.279 x Sv 

1.7 CALCULATED TOXICOLOGICAL DOSES 

The methodology t h a t  i s  used t o  c a l c u l a t e  t o x i c o l o g i c a l  exposure 
consequences i s  documented i n  WHC-SD-WM-SARR-011, Rev. 2, Tox ic  Chemical 
Considerat ions f o r  Tank Farm Releases. 

1.7.1 I n p u t  Data 

The p r o b a b i l i t y  o f  t h i s  unmi t igated acc ident  scenar io  i s  a n t i c i p a t e d  
(see Sect ion 1.2) and t h e  waste has the  same c o n s t i t u e n t s  as DST l i q u i d s  (Van 
Keuren [1996b]). The worst  cons t i t uen ts ,  t o x i c o l o g i c a l l y ,  repo r ted  i n  t h e  
preceding re fe rence  inc lude  co r ros i ves  and i r r i t a n t s  such as ammonia and 
t r i b u t y l  phosphate. Th is  event i s  a p u f f - t y p e  re lease  t o  bo th  t h e  o n s i t e  and 
o f f s i t e  recep to rs .  Sum-of- f ract ion values are e x t r a c t e d  from Van Keuren 
(1996b) t o  determine t h e  t o x i c o l o g i c a l  consequences. 

Sum-of-Fraction Values f rom Van Keuren (1996b) 

The sum-of- f ract ion va lue f o r  t he  o n s i t e  recep to r  i s  1.0 x l o 4  s/L (DST 
l i q u i d s )  / 2.6 s/m3 (DST vapor space). 

The sum-of- f ract ion va lue f o r  t he  o f f s i t e  recep to r  i s  8.4 s/L (DST 
l i q u i d s )  / 2.3 x s/m3 (DST vapor space). 

Q u a n t i t y  Released 

The q u a n t i t y  o f  ma te r ia l  re leased was c a l c u l a t e d  p r e v i o u s l y  t o  be a 
t o t a l  o f  3.2 x L. 

1.7.2 C a l c u l a t i o n s  

r a t e  d i v i d e d  by t h e  t ime  i t  takes t o  vent  95% o f  t he  headspace gases t o  t h e  
atmosphere, t he  t o x i c o l o g i c a l  consequences can be c a l c u l a t e d  f o r  bo th  t h e  
o n s i t e  and o f f s i t e  recep to rs .  
example. 

HEPA f i l t e r  consequence f o r  t h e  h a l f - f u l l  tank: 

By d i r e c t l y  m u l t i p l y i n g  t h e  sum-of- f ract ion va lue by t h e  waste re lease  

The f o l l o w i n g  are f o r  t h e  average f l o w  r a t e  
The r e s u l t s  o f  t h e  maximum f l o w  r a t e  are i nc luded  i n  Appendix F. 

Ons i te  - Ca lcu la t i on :  [9.7g4x l o w 4  L/(335 min x 60 s /min) ] ( l .O x 
1 0 ~ 1 ~ )  = 4.87 x i o -  . 

O f f s i t e  - Calculation; [9.79 x L/ (335 min x 60 s /min) ] (8 .4 L) 
= 4.1 x 10- . 
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Headspace re lease  consequence f o r  t he  h a l f - f u l l  tank:  

Ons i te  - Ca lcu la t i on :  [3.116 x l o - *  L/(335 min X 60 s /min) ]  
(1.0 x 1 0 ~ ~ 1 ~ )  = 1.6 10.~. 

O f f s i t e  - Ca lcu la t i on :  (3.116 x IO-* L / 335 min X 60 s /min)(8.4 s /L)  
= 1.302 x 

Gas re lease  consequence f o r  t h e  h a l f - f u l l  tank: 

Onsi te  - Calcu lat ion: l  (3.1 X l o 3  m3 / 335 min X 60 s/min)(2.6 s/m3) 
= 4.01 X 10- 

O f f s i t e  - Ca lcu la t i on :  (3.1 X l o 3  m3 / 335 min X 60 s/min) 
(2.3 X s/m3) = 3.54 X 

1.8 RESULTS 

1.8.1 Rad io log i ca l  

The o n s i t e  r a d i o l o g i c a l  dose consequence va lue (4 .9  x Sv) i s  shown 
t o  be below t h e  r i s k  gu ide l i nes  f o r  an a n t i c i p a t e d  acc ident  (5.0 x Sv) as 
prov ided i n  WHC-CM-4-46, Rev. 1. 

Sv4 i s  shown 
t o  be below the  r i s k  gu ide l i nes  f o r  an a n t i c i p a t e d  acc ident  ( 1  x 10- Sv) as 
prov ided i n  WHC-CM-4-46, Rev. 1. 

The o f f s i t e  r a d i o l o g i c a l  dose consequence va lue (7.6 x 

1.8.2 T o x i c o l o g i c a l  

As a r e s u l t  o f  t h i s  acc ident  t he  exposure t o  t h e  o n s i t e  recep to r  i s  
c a l c u l a t e d  t o  be 4.2 x 10.’ as a f r a c t i o n  o f  t he  r i s k  g u i d e l i n e s .  S i m i l a r l y ,  
t he  exposure t o  the  o f f s i t e  recep to r  i s  c a l c u l a t e d  t o  be 3.7 x as a 
f r a c t i o n  o f  t h e  r i s k  gu ide l i nes .  The values f o r  bo th  t h e  o n s i t e  and o f f s i t e  
recep to rs  are below the  r i s k  gu ide l i nes  ($1). 
i s  used, t h e  o n s i t e  exposure i s  9 .1  X 10- as a f u n c t i o n  o f  t h e  r i s k  
guide1 ines.  

1.9 CONCLUSIONS 

Even when t h e  maximum f l o w  r a t e  

Ana lys i s  o f  t h i s  acc ident  scenar io  shows t h a t  a p r e s s u r i z a t i o n  o f  t he  
tank  headspace i s  poss ib le  which could r e s u l t  i n  a t o t a l  re lease  o f  t h e  
headspace contents  a long w i t h  the  contents  o f  rup tu red  HEPA f i l t e r s .  

recep to rs  are below t h e  r i s k  gu ide l i nes  (Tables i n  Appendix F). 

t h e  o n s i t e  and o f f s i t e  recep to rs  are below t h e  r i s k  g u i d e l i n e s  (Tables i n  
Appendix F) .  

t he  c a l c u l a t i o n  no te  f o r  a double-shel l  t ank  w i t h  average f l ow .  
consequences are c a l c u l a t e d  i n  a s i m i l a r  f ash ion  and are presented i n  Appendix 
F. 
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Table 1.9-1. Sumnary o f  Acc ident  Consequences 

Acc ident  

from i n t e r f a c i n g  
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~- 
Statement  o f  Prooiem 

A C C I O M T  SC-WIO OESCZIPTIOH 

A l i q u i d  was te  t r a n s f t r  t o  e i t h e r  a double-snell t ank  o r  OCRT i s  i n i t i a t e d  from a 
f a c i l i t y  ( e . g . ,  2 4 2 4  Svaoorator ,  2 4 4 4 7  Vault, o r  Z P l a n t )  using a steam ;er a s  t h e  
mot ive  f o r c s  to  move the  l i q u i d .  Af t e r  :he waste  has  been t r a n s f e r r e d ,  t h e  steam Jet  
i s  nor shut o f f  and pure  sieam i s  r o u r d  to  headspace o f  :he r e c s i v i n q  tank.  

a i  a f u l l  double-shel l  tank a t  a f l o w  r a t e  o f  2 , l O O  1bJhr.  
t o x i c o l o g i c a l  dose  consequencas.. i f  any, a s soc ia t ed  r i t h  t h e  acc iden t  s c e n a r i o  a r e  t o  
be CalCJIated.  

C a l c u l a t i o n s  will a l so  be perionned t o  d e t e n i n e  i f  a vacuum can be drawn on t h e  
double-snel l  t ank  a f t e r  ;he steam has x e n  rhu r -o f f  and t h e  steam f i l l e d  atmosphere 
condenses  t o  water comoietely.  

ASSUMPTIONS U S 0  FJR PRESSURIZATION PORTION OF SCZURIO 

I n  t h e  scnna r io  analyzad,  00 psiq s a t u r a t e d  steam is exhausted i n t o  t h e  headspace 
The r a d i o l o g i c a i  and 

-. 

1. 

2 .  

3 .  

d .  

4. 

6 .  

7. 

The s a t u r a t e d  sigam is int roducnd i n t o  a f u l l  double-shell1 tank wi th  a v a i l a b l e  
headspace a o a e l l a d  3s a hemisjnera  r i t h  a r ad ius  of 37.: ft. 
a  c m r e r v a t i v e  g e m e r r ]  s lncn  it s l i g n t l y  ove ras t ima tes  t h e  a v a i l a b i e  rtsam 
exoansion voiume. 

Headspace a i r  :emoeratura i s  i n i t i a l l y  a t  ! 5 O ' 5 .  

Headspacr pressure i n i t i a l l y  a t  14 .7  p i a .  

Th i s  i s  c m s i d e r e d  

Tank is under ? a s s i v e  , ven t i l a t ion  during 'aasin t r a n s f e r  ( i . 2 . .  no acz ive  
v e n r i l a t i o n ) .  

Sa iu ra t ed  steam ??ow rate introaucnd i n t o  :he t ank  headsaacn i s  2,400 Ibm/hr. 
This is :he ?law tare a s s o c i a t e a  n t h  a srsam j e t  t r a n s f e r  From 244-AR ' l a u l t  t o  
t h e  :ank f a n s  and i s  c i n s i a e r a d  :a bound s team-jet  transfsrs f r o m  !-Jlant (Pf?), 
222-5 Laoora to ry ,  2dZ-4 Eraooraror .  P U R E X .  and , - ? l a m .  These a r e  a l l  i h e  known 
l o c a t i o n s  mere 8:eam aay acczss  :he ranks (both douoie-shel l  and OCRTs). 

Sa tu ra t ed  steam p s s u r e  i s  90 psig (-105 p s i a ) .  

Sd tu ra t ed  sieam I S  i n j ec tgd  !nro t h e  headspace (no t  i n t o  :he Masre.) 

ASSUMPTIONS U S 0  FOR VAC'JUM PORTION OF SCNARIO 

I .  The tank wal l  temoerature  i s  assumed to be c a n t t a n t  a t  5O.F. This  va lue  is lower 
than t h e  headspacs a i r  temperature  (i .e.. 15O'F) assumed in  :he p r e s s u r i z a t i o n  
po r t ion  o f  t h e  acc iden t  s cnna r io  t o  gnsure t h a t  t h e  s i t u a t i o n  i s  modelled 
c o n s e r v a t i v e l y .  

EXPLICITLY c o n c a r  r i t h  or deny (by including appropr i a t e  documentat ion)  :he assumption 
made above. 

BEST 
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Table B-1. Hazard Ana lys i s  Resul ts  f o r  I n t e r f a c i n g  F a c i l i t i e s  That 
Use Steam J e t s  (2 sheets) .  

ID Hazardous Cond i t i on  Cause Rep 
Acc 

32 
- 

I-242A-6-CM 
P-A 

Release (steam) o f  aerosols  t o  
the  atmosphere through unsealed 
cracks i n  t h e  cover b locks due 
t o  over p r e s s u r i z a t i o n  o f  t h e  
r e c e i v e r  tank.  

Human e r r o r  - Steam 
b l o c k  va l ve  
i n a d v e r t e n t l y  l e f t  
opened. 

1-242A-2-CM 
P-B 

Steam b l o c k  va lves 
i n a d v e r t e n t l y  opened o r  
l e f t  open 

32X Release t o  t h e  atmosphere 
through unsealed cracks i n  the  
cover b locks due t o  over 
p r e s s u r i z a t i o n  o f  t he  r e c e i v e r  
tank.  

Release (steam) o f  aerosols  and 
en t ra ined  p a r t i c u l a t e s  t o  
atmosphere through v e n t i  1 a t i  on 
due t o  over p r e s s u r i z a t i o n  o f  
244-S-DCRT caused by sending 
j u s t  steam t o  tank  farm. 

Human E r r o r  - F a i l i n g  
t o  shut  o f f  steam a f t e r  
TK-102 i s  empty 

32X 

- 
32X 

I-222s-1-LV 
L-A 

I-222S-2-PR 
5-A 

Release (steam) o f  aerosols  and 
p a r t i c u l a t e s  t o  atmosphere 
through v e n t i l a t i o n  due t o  over 
p r e s s u r i z a t i o n  o f  244-S DCRT 
caused by sending j u s t  steam t o  
tank  farm. 

Steam reducer  va l ve  
f a i l s  open. 

I-PUREX-1-L 
IL-A 

Human E r r o r  - F a i l u r e  
t o  shut  o f f  steam j e t  
when U-3 i s  empty. 

32X Release o f  aerosols  from 105AW 
through cracks i n  the  cover 
b l o c k  due t o  p r e s s u r i z i n g  105AW 
from t r a n s f e r  o f  steam. 

Release o f  aerosols  from 105AW 
through cracks i n  t h e  cover 
b l o c k  due t o  p r e s s u r i z i n g  105AW 
from t r a n s f e r  o f  steam. 

I-PUREX-3-L 
IIL-A 

Human E r r o r  - F a i l u r e  
t o  shut  o f f  steam j e t  
when U-3 i s  empty. 

32X 

~ 

32X I-TPLANT-2- 
:MP-A 

Release (steam) o f  aerosols  and 
en t ra ined  p a r t i c u l a t e s  t o  
atmosphere through v e n t i  1 a t i o n  
due t o  over p r e s s u r i z a t i o n  o f  
244-S-DCRT caused by sending 
j u s t  steam t o  tank  farm. 

Human E r r o r  - Steam 
b lock  va l ve  
i n a d v e r t e n t l y  opened o r  
f a i  1 u re  t o  c l  ose va l ve  
when tank  15-1 i s  low 

(S-02-FLOW0 
! 

Re1 ease o f  aerosol s and 
p a r t i c u l a t e  from DCRT 
v e n t i l a t i o n  f i l t e r  due t o  
t r a n s f e r  o f  steam from PFP steam 
j e t  i n t o  DCRT headspace 

Human e r r o r  ( f a i l u r e  t o  
shut  o f f  steam j e t  a t  
complet ion o f  t r a n s f e r )  
which causes DCRT 
v e n t i l a t i o n  f i l t e r  
f a i l u r e  

32X 
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Table B-1. Hazard Ana lys i s  Resul ts  f o r  I n t e r f a c i n g  F a c i l i t i e s  That 
Use Steam J e t s  (2 sheets) .  

I D  

I-PFP-2-TMP 
-B 

I-PUREX-2-P 
RS-A 

I-PUREX-4-P 
RS-A 

KS-03-PRES0 
5 

Hazardous Cond i t i on  

Release (steam) o f  aerosols  and 
en t ra ined  p a r t i c u l a t e  from 
244-TX v e n t i l a t i o n  system due t o  
s a t u r a t i n g  HEPAs w i t h  steam due 
t o  f a i l u r e  o f  steam reducer 
which sends h ighe r  pressure 
steam t o  steam j e t ,  gass ing i t  
ou t  and sends steam t o  244-TX. 

Release (steam) o f  aerosols  and 
p a r t i c u l a t e s  through cracks i n  
the  cover b lock  from t h e  
r e c e i v e r  tank  due t o  tank  
p r e s s u r i z a t i o n  from sending 
steam caused by steam reducer  
f a i l u r e  which gasses ou t  t he  
steam j e t  and sends j u s t  steam. 

Release o f  aerosols  and 
p a r t i c u l a t e s  through cracks i n  
t h e  cover b lock  from the  
r e c e i v e r  tank  due t o  tank  
p r e s s u r i z a t i o n  from sending 
steam caused by steam reducer 
f a i l u r e  which gasses ou t  t h e  
steam j e t  and sends j u s t  steam. 

Release o f  t o x i c  vapors from 
DCRT due t o  increased 
concen t ra t i ons  i n  DCRT 
atmosphere 

Cause 

F a i l u r e  o f  steam 
reducer  

Steam Reducer f a i l s  

Steam Reducer f a i l s  

Transfer  o f  steam from 
PFP causing e v o l u t i o n  
o f  t o x i c  gases due t o  
heat ing tank  

Rep 
Acc 

32X 

32X 

32X 

32X 
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Maximum 
Headspace 
Pressure 

p s i a  

3.3 

3.5 

Table  C-I r Maximum 
Headspace 
Temperature 

F 

292 

319 

Nominal 

Increased steam 
temperature from 
90 F t o  225 F 

Double steam f l o w  
from 0.677 l b / s e c  
t o  1.333 lb / sec  

Increase i n  
headspace volume 
equ iva len t  t o  
tank  w i t h  10 i n .  
waste. 

Decrease i n  
headspace volume 
equ iva len t  t o  
tank  w i t h  410 i n .  
waste. 

Double the  o u t l e t  
f l o w  res i s tance  

H a l f  t he  o u t l e t  
f l o w  res i s tance  

1.2 291 981 

ent  Flow Durat 

Maxi mum 
Headspace 
Gas Flow 
(15 minute 
average) 

ft3 / m i  n 

732 

751 

I 293 I 974 

7.2 

733 

703 

7.2 I 292 I 4 9 1  

in 

Time t o  Vent 
95% o f  t h e  
o r i g i n a l  
headspace 
gas 

m i  n 

335 

325 

197 

560 

113 

391 

305 
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Development o f  Headspace Partition Fraction 

Radioactive material is carried from the tank waste material into the tank headspace 
atmosphere through several physical processes. Only a fraction (the partition fraction) 
of the waste constituents in a tank will migrate to the headspace atmosphere. The 
partition fraction is the ratio of tank headspace radioactivity concentration to the 
concentration in that tank’s solid or liquid waste, whichever is used as the basis. 

Kimura and Lindsey ( 1 9 8 7 )  report on the ratio o f  activity concentration in tank 

The characterization effort focused on cesium because it is prevalent in 

headspace samples to activity concentration in tank liquid waste material samples taken 
from DSTs during ALC operation, during waste transfer operations, and during static 
conditions. 
nearly all o f  the tank waste analyzed, producing the largest numbers, and is therefore 
considered bounding. The sample analyses indicated the following: 

ALC operations -Observed I3‘Cs partition fractions ranged from 1 . 0 2  x 
to 2 . 4 9  x 10.~ 

Tank waste transfer operations - Observed 137Cs partition fractions 
ranged from 1 . 0 2  x 

Static tank waste conditions - Observed I3’Cs partition fractions ranged 
from about 1.00 x lo-” to 6.9 x 10.”. 

to 5.25 x 10-l’ 

The results indicate the partition fraction for DST and AWF tanks during operations 
that result in worst-case liquid waste agitation conditions would be bounded by a 
partition fraction of lo-*, which is the number used in this accident analysis. 

For an unagitated tank liquid waste scenario (i.e., long-term passive ventilation), 
static waste conditions, the above information indicates a partition fraction of about 1 x 
10.10. 

References 
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Steam Flow into tank, 
(IVF Chapter 3-07) 

Mass and energy 
flow into tank, 
(IVF Chapter 3-07) 

BTU 
Psteam 105 PSI Tsteam 331.7 F h Steam 1188.8 ,b 

BTU 
Tatm 150 F h 1126.1 Ib 

Ib 
steam-flow 0.667.-- sec 

heat-in := h atm).steam-flow 

Time to heat 560 ft of schedule 40 I O "  pipe 

Ib Weight of Pipe Per foot, pipe := 4n.48,- 
(Crane page 8-17) R 

BTU 
h fg :=950.- Ib Heat of vaporization at 

240 F (Crane) 

kg 
steam-flow = 0.303.- sec 

BTU 
heat-in =41.8-- sec heat-in = 44.1 -kW 

Specific heat of pipe, cp pipe := 0.11.- BTU 
(Holman 1990) 1b.F 
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Initial tank conditions Pair := l ,a tm 

Pai r  = 101.3.kPa 

Tair : = 1 5 0 . F +  460.R 

T air = 338.9.K 

p a i r  = 0.065'- Ib 

A3 

kg 
m3 

p . =1.042*- air 

Headspace volume head-space( waste-depth) := 187976.ft3 - waste-depth.2750.e in 

hsv :=  head-space(212.h) 

Vent modeling 

normal vent flow conditions 
(IVF Chapter 3-07) 

hsv = l.10-105-ft3 hsv = 3.1 103-m3 

ft3 
Q:=lOO.- AP:=2.in-H20 Tvent : = 8 0 . F + 4 6 0 . R  

min 

ft3 'atm lb' 
sec ft3 I 

CY = 87.7. 

Initialize calculational variables 

P ,ir.hsv Number of moles 

in the headspace air R gas.T air 

Exhaust Flow vs Headspace Pressure 

1:::: k 

; 200 
YI 

0 

Pressure ( p m )  

Initial mass of air 
in headspace 

n air  = 247.0 

m air = 7.16-103*lb 

STM-INTR.MCD 
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60.time 
tt- 

15.60 
1x1  j t -  6t 

L 0.73023 

p 0.23 

P stmt0.44 

1w a jr t28 .97  

1w 18.015 

or i t  I . . n  

'I- 1 , 3 ' ~ p  air + Xl-  1,4'cP stm 

mix 
cP mixC I 

E-5 T air 
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ison I I I I 

-> A 

- 

-\ h 

-> 
I 

I 
I ---- -__ - ---,--- - -+ - 

0 I I 1W LW m u  4uu 

xo . = o  

So0 

P air 
xo,* '=- 

atm 

x o , s : = o  

Calculate transient 

time 

pressure 

mass of steam 
in headspace 

volume of headspace gas 
vented per unit time 

I 5  minute average 
headspace flow 

T air 
xo,l :=- heads pace R 

temperature 

Pair.hsv mw air 
xo,3 :=R'- 

gas.T air Ih 
total mass of air 

vent flow xo,5 : = o  

x o , 7 : = 0  volume of headspace 
gas vented per 
unit time 

x Save : = x  

15.11 
-- 

time 
time := 500 n :=- I i : = l , . n  time - 15.0 

P13 
.=x save tox, :=x, ,$-  sec 

xn,  ,.R - 460.R = 291.8.F Pn,*- 1>.atm =3.3.psi 
fi3 

max(tox) = 732.0.- min 

m3 @- I>.atm =22.5-kPa X, , = 5.07 .% 
max( tox) = 0.345.- sec x ~ , ~ . R  =417.7*K 
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4 I I I I 

- 

- 

I -- - 

n ,  I I I I IUU m u  JUU 4uu 

Number of Moles in Headspace Graphs 

n.ni 

0.06 - 
c7 
k 2 
g 
8 

n.05 

0.04 

sw 

time (minutes) 

vapor space 
steam 

- 
.. 

- total 

Head Space Temperature 
I I I I 300 

s - 
B 
E 
c 

I 
I W  2uu JW IU" 

time (minutes) 

Head Space Vapor density 
I I I I 

in 

00 
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Increased steam inlet temperature 
/ 

BTU ~BTU' 1 
q 1200.89 ~ hat,,,  steam-flow ~ , p Stnl 225 PSI 

\ \see, Ib 
Tstm 392 F 

time . 15.11 
time 500 n I I . . n  time = 15.0 

save 

ft3 
max( tox) = 750.9.- mm 

m' 
max( tox) = 0.354.- sec 

x dump(", time, x ,  q ,  hs, c d,  stm) 
\ / 

q = 49.9 

Exhaust Flow 
isno 

time (minuter) 

- total flow 
- - headspace gas flow 

f? 
l.8'sec 

tox, x 

j ::floor (22 n.- 

x,,, =5.29% 

15 Minute Averaged Exhaust Flow 
800 I I I I I 

STM-INTR.MCD E-8 
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z0w 

i5nn 

- 
& 
i iunn 
- 

, 
500 

U I  

Increased steam flow 

hs h w f t  

- 
I I I I 

- - 

--. - 
' \  

- > \  - 

I I 
IUU m u  .ulll 4uu sou 

- - _  

time 15 n 
time 500 n i l n  time = 15.0 

A3 

1,s sec 
save x dump(n,time,x,q,hs,cd,stm', tox, x 

xn , , .R-  460.R =292.6-F pn,2- I>.atm =7.2-psi j :=floor ( n.- tq ft3 
mas( tos)  = 974.5.- min 

m3 
sec max(tox) = 0.460.- xn, , .R ~ 4 1 8 . 1 . K  pn,2- I>.atrn =SO.O.kPa x,,, =5.01.% 

15 Minute Averaged Exhaust Flow 

time (minutes) 

uu 
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innn 

Son 

Increased headspace volume 

- 

- 
I \  

.- , 

/Ib'\ I /BW\ ~ I 

\ I  \ /  

hs head-space( lO.in).A stm steam-flow.(sec,; q heat-in.' c d 2 . c ~  latm. \ sec ) 
time . 15.n 

n 
time = 15.0 

time 800 I l . . n  

I 
2uu 4uu lluu 

- . _ _  -- - - - .  . . . 
n I  I 

P air bs fi3 mwair A3 

\ '1 8 sec R gas T air Ib / 
x dump (n, time,x, q ,  hs, c d, stm) tox, save xn 3 

$00 

X . , ~ . R -  460.R=291.5.F pn,2- I).atm =3.3-psi j :=floor (E) n.- 
ft3 

max(tox) = 132.7.- min 

m3 
max(tox) = 0.346.- sec X " , ~ . R  =417.5.K tn,2- l),atm =22.5*kPa xj,,=5.12*% 

Exhaust Flow 

lSnO 7 

time (minutes) 

- total flow 
- - headspace gas flow 

15 Minute Averaged Exhaust Flow - 
time (minutes) 

STM-INTR.MCD E-IO 
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Decreased headspace volume 

time 200 
time 

n 1  
I l . . n  

1S.n 
time = 15.0 

P air hs ft3 mw air 

Rgas Tal, Ib 
~ 

save 3 

ft3 
max( tox) = 709.6.- min 

m3 
max( tox) = 0.33s.- sec 

A3 

'1 8 sec 
tox, 

x n , , . R -  460.R=292.3.F pn,2- 1>.atm =3.3-psi j :=floor ( n.- E-) 

X " , ~ . R  =417.9*K I).atm=22.6-kPa x,,,=S.OO-% 

Exhaust Flow 
ison 

time (minutes) 

- total flow 
- - headspace gas flow 

15 Minute Averaged Exhaust Flow 

7 

time (minutes) 

STM-INTR.MCD E-I 1 
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Increase the outlet flow resistance 

time 15 n 
time 600 n 1 1 n  = 15.0 

P air hs fi3 mw air ti3 

1 8 sec 
- save xo 3 x dump/n, tme,x,  q, hs, c d. stm) tox, 

R gas T air Ib 

x n , , . R -  460.R =292.4.F pn,2- l).atm = 7 . ~ - p s i  
ti3 

max(tox) =491.2.- min 

m3 
max(tox) = 0.232.- sec x n , , . R  =418.O*K I ) d m  =49.7*kPa x,,,=S.17-% 

looo,  I Exhaust Flow,  , 

time (minutes) 

- total flow 
- - headspace gas flow 

15 Minute Averaged Exhaust Flow 

6w 7 

time (minutes) 
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1500 I I I 

I - 
- 

- 

0 ,  I I - - I -  -. . . - .  

- 1000 . 

3 
r_ 500 - 

1 UU I U U  JUU 

Decrease the outlet flow resistance 

400 

tt3 

'1 8 sec x dump/n,t ime,x,q,  hs,c  d,stm\ tox, P air hs ft3 mw air 
save '0 3  gas Taw Ih / 

X " , ~ . R -  460.R =290.6'F 
f?3 

inax(tox) = 981.2.- min 

X " , ~ . R  =417.0.K 
In3 

mas( tox) = 0.463.- sec 

&- I).atm = ~ . z - p s i  

&,*- l).atm =S.l*kPa x,,, =4.94% 

IS Minute Averaged Exhaust Flow 
low 

- 
B - 
p z 500 -. 
1 - 
w 

IUU 2UU W U  

time (minutes) 

b, 
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Steam Properties at 150 F and 290 F (steam tables) 
BTU it3 

u g 96.97 ~ 

Ih 
h g  1126.1 ~ 

Ih 
T g  150 F I 460R P g  3.72 PSI 

P 1 Wpsi BTU it3 
h 1 1187.14, Ih  u 1 27.293, I b  

Comparison of the density using the ideal gas law with the steam tables for: 

150 F 290 F 

\ 1  
P gas P 09T0,mwsteam / 

u o  =O.7.% 
Pgas(P I,Tl,mwsteam)-' - 1 - 9 . 1  .% 

U O  u 1  

Heat capacity for water (Cengel and Boles, 1994, Table A-ZE) 

9 r '  BTU lhmole 
IhmoleR 18.015.lb 

cp st,,,(T) .= (7.700+ 0.02552.10-2.T+ 0.07781.1CS.T2- 0.1472.10- . ) 
Check of cp of the steam against steam tables 

Heat capacity for air (Cengel and Boles, 1994, Table A-2E) 

BTU lbmole 
Ib-mo1e.R 28.97.lb 

9r' o . o ~ ~ o ~ . ~ o - * . T +  0.03540~1Q5~T2- o.sos2.in- . ) 

Definition of some units for MathCad 

Ih_mole-l FsR 

C = K  kg kg-mole ---.lbmole 
Ih 

STM-INTR.MCD E-I4 
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CONSEQUENCE CALCULATION FOR STEAM INTRUSION 
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This appendix includes t h r e e  s e t s  of d a t a  and the assoc ia ted  consequence 
c a l c u l a t i o n s .  The f i r s t  set i s  f o r  t h e  f u l l  tank,  the second f o r  t h e  ha l f -  
f u l l  tank,  and t h e  t h i r d  f o r  t h e  empty tank. The example c a l c u l a t i o n s  shown 
i n  t h e  body of t h e  n a r r a t i v e  in  Sec t ions  1 .5  through 1.9 a r e  f o r  t h e  h a l f - f u l l  
t ank  r e l e a s e ,  a t  an average flow r a t e .  

Each consequence c a l c u l a t i o n  s e t  presented here  includes two pages. The 
f i r s t  page of d a t a ,  and t h e  second page of t h e  c a l c u l a t i o n  r e s u l t s .  The 
c a l c u l a t i o n a l  methods a r e  descr ibed i n  t h e  preceding s e c t i o n s  of  t h e  
c a l c u l a t i o n a l  note .  These c a l c u l a t i o n s  use d a t a  from Appendix E .  

F-3 



HNF-SD-WM-CN-044 REV 2 

Onsite 
Offsite 

HALF-FULL TANK SCENARIO 
Data and Parameters 

Ventilation System Releases WHC-SD-WM-CN-OM, Rev 0 

Q,, = 0 000979 L DST 
Q l b  = 0 005618 L AWF 

Q Z a =  003116 L DST 
Qzb= 003116 L AWF 

Headspace Particulate Loading 

Partition Fraction = 1 00E-08 
Headspace Volume 

VolDsr = 3.1 E+03 m3 
VolAw = 3 1 E+03 m3 
Duration and Maximum Flow 

t =  min 
Flow,,, = m3/s 

Acute PM Chronic Log. Int. 

3.41E-02 1.13E-02 4.03E-04 7.51E-03 
2.83E-05 2.12E-05 1.24E-07 1.1 3E-05 

WHC-SD-WM-SAR-065, Rev. 0. pg 3.4225 

1 o+" to 1 0-2 
Onsite 
Offsite 

Onsite 
Offsite 

Onsite 
Offsite 

i o -z  to 1 o - ~  

1 o - ~  to 1 o6 

Tank level 5 38 m 
in. 

20100 s 

DST Solids DST Liquids Vapor Space 

WL) (s/m3) 

1.8E+04 1 .OE+04 2.6E+00 
1.9E+02 8.4E+00 2.3E-03 

3.3E+03 7.5E+02 3.3E-01 
1.5E+01 8.4E+00 2.3E-03 

6.3E+02 2.1 E+02 7.1 E-02 
2.8E+00 6.2E-01 2.8E-04 

Breathing Rate 
BR = 3.30E-04 m3/s 

Unit Liter Doses (ULDs) 
Inhalation ingestion 

(SV/L) (SV m'/s L) 

Standard man doing light activity 

WHC-SD-V\(M-SARR-037, Rev. 0 

WHC-SD-WM-SARR-011, Rev. 2 
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HALF-FULL TANK SCENARIO 

Radiological Consequences 

Onsite 1 SE-05 4.7E-04 4.9E-04 
Offsite 2.3E-08 7.3E-07 7.6E-07 
Onsite 2.OE-05 1.1 E-04 1.3E-04 
Offsite 3.5E-08 1.9E-07 2.3E-07 

Toxic 

1 o+' to 10.' 
DST Average FIOW Onsite 

Offsite 
DST Maximum FIOW Onsite 

Offsite 
AWF Average Flow Onsite 

Offsite 
AWF Maximum FIOW Onsite 

Offsite 

DST Average Flow Onsite 
Offsite 

~ ~ ~ M a x ~ m u m  FIOW Onsite 
Offsite 

AWF Average Flow Onsite 
Offsite 

AWF Maximum FIOW Onsite 
Offsite 

DsTAverage FIOW Onsite 
Offsite 

DST Maximum Flow Onsite 
Offsite 

AWF Average FIOW Onsite 
Offsite 

AWF Maximum FIOW Onsite 

1 o - ~  to 1 o - ~  

to  IO-^ 

igical Exposures 
HEPA Particulate Gases Total 

4.9E-04 
4.1 E-07 
4.9E-04 

2.8E-03 
2.3E-06 
2.8E-03 
2.3E-06 

4.1 E-07 

3.7E-05 

3.7E-05 
4.1 E-07 
2.1 E-04 
2.3E-06 

2.3E-06 

4.1E-07 

2.1 E-04 

1.6E-02 
1.3E-05 
1.6E-02 

1.6E-02 

1 BE-02 
1.3E-05 

1.3E-05 

1.3E-05 

1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 

4.OE-01 
3.6E-04 
9.OE-01 
7.9E-04 
4.OE-01 
3.6E-04 

7.9E-04 
9.OE-01 

5.1E-02 
3.6E-04 
1.1 E-01 

5.1E-02 
3.6E-04 
1.1 E-01 

7.9E-04 

7.9E-04 

4.2E-01 
3.7E-04 
9.1E-01 

4.2E-01 
3.7E-04 
9.2E-01 
8.1E-04 

5.2E-02 
3.7E-04 
1.2E-01 
8.1E-04 
5.3E-02 
3.7E-04 
1.2E-01 
8.1E-04 

8.1E-04 

1.OE-05 3.3E-04 l . lE-02 1.1E-02 
3.OE-08 9.6E-07 4.3E-05 4.4E-05 
1 .OE-05 3.3E-04 2.4E-02 2.5E-02 
3.OE-08 9.6E-07 9.7E-05 9.8E-05 
5.9E-05 3.3E-04 1.1 E-02 1.1 E-02 

5.9E-05 3.3E-04 2.4E-02 2.5E-02 
1.7E-07 9.6E-07 4.3E-05 4.5E-05 
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I Onsite 
Offsite 

EMPTY TANK SCENARIO 
Data and Parameters 

Ventilation System Releases WHC-SD-WM-CN-054, Rev 0 

Q1, = 0.000979 L DST 

Q l b  = 0 005618 L AWF 

Qla = 0 052188 L DST 

QZb = 0.052188 L AWF 

Headspace Particulate Loading 

Partition Fraction = 1 00E-08 WHC-SD-WM-SAR-065, Rev 0. pg 3 4225 
Headspace Volume 

VolosT = 5 2E+03 m3 Tank level 0 25 m 
Vol,,,, = 5 2E+03 m3 in 
Duration m Flow 

t =  in 33600 s 
Flow,,, = ?s 

Acute PM Chronic Log. Int. 

3.41E-02 1.13E-02 4.03E-04 6.12E-03 
2.83E-05 2.12E-05 1.24E-07 8.24E-06 

Breathing Rate 
BR = 3.30E-04 m3/s 

Unit Liter Doses (ULDs) 
Inhalation Ingestion 

(SV/L) (SV mSs L) 

Standard man doing light activity 

WHC-SD-WM-SARR-037. Rev 0 

Continuous Release Sum-of-Fractions (SOFs) WHC-SD-WM-SARR-011, Rev. 2 

Offsite 1.9E+02 

Onsite 3.3E+03 
Offsite 1.5E+01 

Onsite 6.3E+02 

2.3E-03 

3.3E-01 
2.3E-03 

2.1E+02 7.1E-02 

10-l to 1 o - ~  
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EMPTY TANK SCENARIO 

Radiological Consequences 

Onsite 1.2E-05 6.4E-04 6.6E-04 
Offsite 1.7E-08 9.OE-07 9.1 E-07 
Onsite 1.6E-05 1 SE-04 1.6E-04 
Offsite 2.6E-08 2.4E-07 2.6E-07 

Toxicc 

1 o+" to 10.' 
 average FIOW Onsite 

Offsite 
DST Maximum FIOW Onsite 

Offsite 
AWF Average FIOW Onsite 

Offsite 
AWF Maximum FIOW Onsite 

Offsite 

~ ~ T A v e r a g e  Flow Onsite 
Offsite 

DST Maximum FIOW Onsite 
Offsite 

AWF Average F ~ O W  Onsite 
Offsite 

AWF Maximum FIOW Onsite 
Offsite 

DST Average FIOW Onsite 
Offsite 

DST Maximum Flow Onsite 
Offsite 

AWF Average FIOW Onsite 
Offsite 

AWF Maximum FIOW Onsite 

1 o 2  to 1 o - ~  

1 o4 to 1 o-6 

kgical Exposures 
HEPA Particulate Gases Total I 

2.9E-04 
2.4E-07 
2.9E-04 
2.4E-07 

1.4E-06 
1.7E-03 
1.4E-06 

1.7E-03 

2.2E-05 
2.4E-07 
2.2E-05 

1.3E-04 
1.4E-06 
1.3E-04 
1.4E-06 

2.4E-07 

1 BE-02 
1.3E-05 
1 BE-02 
1.3E-05 
1 BE-02 
1.3E-05 
1.6E-02 
1.3E-05 

1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 

4.OE-01 

9.OE-01 
8.OE-04 
4.OE-01 
3.6E-04 
9.OE-01 
8.OE-04 

3.6E-04 

5.1E-02 
3.6E-04 
1 . I  E-01 
8.OE-04 
5.1E-02 
3.6E-04 
1.1E-01 
8.OE-04 

4.2E-01 
3.7E-04 

8.1E-04 
4.2E-01 
3.7E-04 
9.2E-01 
8.1E-04 

9.2E-01 

5.2E-02 
3.7E-04 
1.2E-01 
8.1E-04 
5.3E-02 
3.7E-04 
1.2E-01 
8.1E-04 

6.1E-06 3.3E-04 1.1E-02 1.1E-02 
1.8E-08 9.6E-07 4.3E-05 4.4E-05 
6.1E-06 3.3E-04 2.5E-02 2.5E-02 
1.8E-08 9.6E-07 9.7E-05 9.8E-05 
3.5E-05 3.3E-04 1.1E-02 1.1E-02 
1.OE-07 9.6E-07 4.3E-05 4.5E-05 
3.5E-05 3.3E-04 2.5E-02 2.5E-02 
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I Onsite 
Offsite 

FULL TANK SCENARIO 
Data and Parameters 

Ventilation System Releases WHC-SD-W-CN-OM, Rev. 0 

Q1, = 0.000979 L DST 

Qlb = 0.005618 L AWF 

Qza = 0.010548 L DST 
QZb = 0.010548 L AWF 

Headspace Particulate Loading 

Partition Fraction = 1.00E-08 
Headspace Volume 

VolosT = 1.1E+03 rn3 
VolAWF = 1.1 E+03 m3 

Acute PM Chronic Log Int 

3.41E-02 1.13E-02 4.03E-04 1.16E-02 
2.83E-05 2.12E-05 1.24E-07 HOE-05 

Duration and Maximum Flow 
t =  min 

Flow,,, = m3/s 

l o w  to 
Onsite 
Offsite 

Onsite 
Offsite 

Onsite 
Offsite 

1 o - ~  to 1 o - ~  

I o - ~  to 10" 

WHC-SD-WM-SAR-065, Rev. 0, pg 3 4225 

DST Solids DST Liquids Vapor Space 

W )  ~ m ' )  

1.8E+04 1 .OE+04 2.6E+00 
1.9E+02 8.4E+00 2.3E-03 

3.3E+03 7.5E+02 3.3E-01 
1.5E+01 8.4E+00 2.3E-03 

6.3E+02 2.1E+02 7.1E-02 
2.8E+00 6.2E-01 2.8E-04 

Tanklevel 1041 rn 
In 

6780 s 

Standard man doing light activity 

WHC-SD-WM-SARR-037, Rev. 0 

WHC-SD-W-SARR-011, Rev. 2 
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FULL TANK SCENARIO 

Radiological Consequences 

Onsite 2.3E-05 2.5E-04 2.7E-04 
Offsite 4.5E-08 4.8E-07 5.3E-07 
Onsite 3.OE-05 5.6E-05 8.6E-05 
Offsite 6.8E-08 1.3E-07 2.OE-07 

Toxic 

i10+"to 
DSTAverage Flow O n S k  

Offsite 
DsTMaximum Flow Onsite 

Offsite 
AWF Average Flow Onsite 

Offsite 
AWF Maximum FIOW Onsite 

Offsite 

DST Average FIOW Onsite 
Offsite 

DST Maximum Flow Onsite 
Offsite 

AWF Average Flow Onsite 
Offsite 

AWF Maximum FIOW Onsite 
Offsite 

 average FIOW Onsite 
Offsite 

DST Maximum FIOW Onsite 
Offsite 

AWF Average Flow Onsite 
Offsite 

AWF Maximum FIOW Onsite 
Offqitp 

to 1 o 4  

 IO-^ to 10" 

Ngical Exposures 
HEPA Particulate Gases Total 1 

1.4E-03 

1.4E-03 
1.2E-06 
8.3E-03 
7.OE-06 
8.3E-03 
7.OE-06 

1.1E-04 

1.1E-04 
1.2E-06 
6.2E-04 
7.OE-06 
6.2E-04 
7.OE-06 

1.2E-06 

1.2E-06 

1.6E-02 
1.3E-05 
1.6E-02 
1.3E-05 
1.6E-02 
1.3E-05 
1.6E-02 
1.3E-05 

1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 
1.2E-03 
1.3E-05 

4.OE-01 
3.6E-04 
8.7E-01 
7.7E-04 
4.OE-01 

8.7E-01 
7.7E-04 

5.1 E-02 

1.1 E-01 
7.7E-04 
5.1 E-02 
3.6E-04 
1.1 E-01 
7.7E-04 

3.6E-04 

3.6E-04 

4.2E-01 
3.7E-04 
8.9E-01 
7.8E-04 
4.3E-01 
3.8E-04 

7.9E-04 

5.3E-02 
3.7E-04 
1 . l  E-01 
7.8E-04 
5.3E-02 

1 .I E-01 
7.9E-04 

8.9E-01 

3.8E-04 

3.OE-05 3.3E-04 1 .I E-02 1 .I E-02 
9.OE-08 9.6E-07 4.4E-05 4.5E-05 
3.OE-05 3.3E-04 2.4E-02 2.4E-02 
9.OE-08 9.6E-07 9.4E-05 9.5E-05 
1.7E-04 3.3E-04 1 .I E-02 1.2E-02 
5.1 E-07 9.6E-07 4.4E-05 4.5E-05 
1.7E-04 3.3E-04 2.4E-02 2.4E-02 
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HNF-SD-SNF-CN-0144 REV 2 

CHECKLIST FOR PEER REVIEW 

Document Reviewed: Calculat7on Notes tha t  Support Accident Scenario and Consequence Development for the 
Steam In t rus ion  from I n t e r f m n g  Systems Accident 

SCODe O f  Review: En t i re  docunent - 
C 1 1  1 [HI * 

[.I c 1 c 1 
[.I c 1 c 1 
[.I c 1 c 1 
c 1 c 1 [.I 
C.1 c 1 I 1 
c.1 I 1 c 1 

[.I c 1 c 1 

[.I c 1 c 1 

[.I c 1 c 1 

[.I c 1 c 1 
[.I c 1 c 1 

[.I c 1 c 1 

[.I c 1 c 1 
[.I c 1 c 1 

[.I c I c 1 

[.I c 1 c 1 

[.I * 

Previous reviews complete and cover ana lys i s ,  up t o  scope o f  t h i s  
review, w i t h  no gaps. 
Problem completely de f ined.  
Accident scenar ios developed i n  a c l e a r  and l o g i c a l  manner. 
Necessary assumptions e x p l i c i t l y  s ta ted  and supported. 
Computer codes and data f i  1 es documented, 
Data used i n  c a l c u l a t i o n s  e x p l i c i t l y  s t a t e d  i n  document. 
Data checked f o r  consistency w i t h  o r i g i n a l  source i n f o r m a t i o n  as 
appl i cab1 e .  
Mathematical d e r i v a t i o n s  checked i n c l u d i n g  dimensional cons is tency  
o f  r e s u l t s .  
Models appropr ia te  and used w i t h i n  range o f  v a l i d i t y  o r  use o u t s i d e  
range o f  e s t a b l i s h e d  v a l i d i t y  j u s t i f i e d .  
Hand c a l c u l a t i o n s  checked f o r  e r r o r s .  
t r e a t e d  e x a c t l y  t h e  same as hand c a l c u l a t i o n s ,  
Software i n p u t  c o r r e c t  and c o n s i s t e n t  w i t h  document reviewed. 
Software ou tpu t  c o n s i s t e n t  w i t h  i n p u t  and w i t h  r e s u l t s  repor ted  i n  
document reviewed. 
Limits/criteria/guidelines app l i ed  t o  a n a l y s i s  r e s u l t s  a re  
appropr ia te  and referenced. L i m i t s / c r i t e r i a / g u i d e l i n e s  checked 
aga ins t  re fe rences .  
Safe ty  margins c o n s i s t e n t  w i t h  good eng ineer ing  p r a c t i c e s .  
Conclusions c o n s i s t e n t  w i t h  a n a l y t i c a l  r e s u l t s  and a p p l i c a b l e  
1 i m i  t s  . 
Resul ts and conclusions address a l l  p o i n t s  r e q u i r e d  i n  t h e  problem 
statement.  
Format c o n s i s t e n t  w i t h  appropr ia te  NRC Regulatory Guide o r  o t h e r  
standards 
Review c a l c u l a t i o n s ,  comnents, and/or notes a re  a t tached.  

Spreadsheet r e s u l t s  should be 

[.I c 1 c 1 

Robert  Marusich 02/71/1996 
Reviewer (P r in ted  Name and Signature) Date 

* Any c a l c u l a t i o n s .  c o m e n t s .  o r  notes generated as p a r t  o f  t h i s  rev iew should be s igned,  dated and 
at tached t o  t h i s  c h e c k l i s t .  Such ma te r ia l  should be l abe led  and recorded i n  such a manner as t o  be 
i n t e l l i g i b l e  t o  a t e c h n i c a l l y  q u a l i f i e d  t h i r d  p a r t y .  
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HEDOP REVIEW CHECKLIST 
for 

Radiological and Nonradiological Release Calculations 

Document reviewed (include title or description of calculation, document number, 
author, and date, as applicable): 

Calculation Notes That Support Accident Scenario and Consequence Development for the 
Steam Intrusion from Interfacing Systems Accident, G.W. Ryan and R.J. Van Vleet, 
HNF-SD-WM-CN-044 Rev 2, February 1997 

Submitted by: R.J. Van Vleet 

Scope of Review: 

- 

entire document 

Date Submitted: 2/21/97 

1. 

2. 

3 .  
4. 

5. 

6. 
7. 

8. 
9. 

A detailed technical review and approval of the environmental 
transport and dose calculation portion of the analysis has 
been performed and documented. 
Detailed technical review(s) and approval ( s )  of scenario and 
release determinations have been performed and documented. 
HEDOP-approved code(s) were used. 
Receptor locations were selected according to HEDOP 
recommendations. 
All applicable environmental pathways and code options were 
included and are appropriate for the calculations. 
Hanford site data were used. 
Model adjustments external to the computer program were 
justified and performed correctly. 
The analysis is consistent with HEDOP recommendations. 
Supporting notes, calculations, comments, comment resolutions, 
or other information is attached. (Use the "Page 1 of X "  page 
numbering format and sign and date each added page.) 

10. Approval is granted on behalf of the Hanford Environmental 
Dose Overview Panel. 

* All "NO" responses must be explained and use of nonstandard methods justified. 

Dh.t&lC?S +1/9 7 
HEDOP-Approved Reviewer ( P x e d  Name and SiSnature) Date 
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