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NUcL;EAR SAFETY DISCUSSIONS WTTH AEC-APRIL 21,- 1958 
Reference: 1) Let te r ,  J .E .  Travis t o  W.E. Johnson, dated March 11, 1958 

2) Let ter ,  "Germantown Meeting on Wahluke Slope Problems" 
J * E .  Travis t o  W.E. Johnson, dated Apri l  18, 1958 

3) Hw-55756 "Report f o r  Advisory Committee on Reactor 
Safeguards", R.L. Dickeman, J . W .  Healy, R.E. Tmlinson, 
dated Apri l  16, 1958. 

4) Let ter ,  "Report For Advisory Committee on Reactor 
Safeguards", W.E. Johnson t o  J .E .  Travis, dated April  16, 
1958 

INTRODUCTION 

Reference (1) requested information on several  po in ts  t o  assist the  Atomic Energy 
Commission i n  reaching a decision on the  Wahluke Slope problem; reference (2) posed 
fur ther  matters f o r  discussion and established a meeting i n  Washington D. C. with 
divis ion of Production and Division of Licensing and'Regulation personnel. 
Hanford Atomic Products Operation response t o  the  requests f o r  information is  
included i n  references (3) and (4) .  

Those present i n  the Apri l  21, 1958 meetings i n  the  Germantown off ices  of the  AB@ 
included the  following: 

The 

Division of Production: E. J. Block 
G. Quinn 
W .  Lindsay 

C.  K. Beck 
E.  Case 
R. L. Waterfield 

Division of Licensing and Regulation: 

AEC: HOO: R.  L. Plum 

Hanford Atomic Products Operation: R. L. Dickeman 
J. W. Healy 
R.  E. Tmlinson 
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SUMMARY 

- The discussions were devoted t o  developing the  thinking supporting the statements 
and conclusions reached i n  references (3)  and (4) and amplifying associated points 
i n  detai led technology. 'The discussions were e s sen t i a l ly  repeated, i n  more d e t a i l  
i n  t h e  subsequent meetings w i t h  the  Advisory Committee on Reactor Safeguards i n  
Washington D. C. on May 9, 1958 and a t  Hmford &ne 5 and 6, 1958. 

The discussions a r e  summarized as follows: 

1. 
2. 
3. 

Discussion (A) - Reactor Processes and Hazards - R. Le Dickeman 
Discussion (B) - Separations Processes and Hazards - R.  E.  Tomlinson 
Discussion ( C )  - Radiological Discussions - J. W. Healy 

D E  CUSSION 

A ,  Reactor Processes and Hazards - R. L. Dickeman 

The reactor  hazards discussions concentrated on i so la t ing  the types of incidents 
that  could r e s u l t  i n  re lease of f i s s i o n  products, the description of the  sequence 
of events necessary f o r  such incidents t o  occur and a qua l i ta t ive  assessment of 
t h e  r e l a t ive  probabi l i ty  of the ident i f ied  types of incidents t o  occur. 

1. Minor t o  Moderate 

Reactor operational incidents a re  a r b i t r a r i l y  defined as operational experiences 
i n  which Process Standards a r e  violated independently of whether w e  t o  the  
reactQr involved r e su l t s .  A l l  such incidents of  nuclear safety significance are 
formally reported t o  the  Comission and the  Advisory Committee on Reactor Safe- 
guards. The major f r ac t ion  of such incidents have involved reactor  s ta r tup  i n  
which the  r a t e  of power rise exceeded t h a t  specif ied as permissible i n  e i t h e r  
the  low power o r  high power range. 
environs i n  these instances; the only "damage" observed has been an aggravated 
slug rupture frequency a t t r i bu ted  t o  loca l  overheating of f u e l  elements o r  an 

No f i s s ion  products have been released t o  the 

excessively rapid r a t e  of s t r e s s  generation. - 

The minor t o  moderate class of reactor  incident involves the release of f i s s ion  
products from a p a r t i a l  slug t o  a p a r t i a l  tube loading; re leases  t o  date from 
any cause have not exceeded'the inventory from the  p a r t i a l  slug l eve l  and these 
have resul ted from burning small amounts of u r a n i m  during a .discharge opera- 
t ion .  
reactor  f u e l  elements and loss of cooling t o  a s ingle  reactor  tube. 
f i s s ion  product re lease incidents experienced from the Hanford Reactors t o  date 
a r e  summarized below i n  Table I. 

This c l a s s  o r  l eve l  of incident would typ ica l ly  encompass burning of 
The 
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TABU I 
SIFNIFICANT RADIATION RELEASE INCIDENTS - RANFORD REACTORS 

Type of No. of Per t inent  
Incident Ocourrences Circumstances 

1. Single tube i I n i t i a l  Star tup of New 
melt down Reactor 

2. Reactor Stack 5 Discharge of ruptured 
Emis s ions f u e l  elements. (A f rac-  

t i o n  of the f i s s ion  
product content of a 
s ingle  f u e l  element was 
released i n  each case. 
S igni f icant  relehse i s  
usually associated with 
burning). 

J 
f ' C @ '  c3' 

3. Miscellaneous 1 lo7 Basin dr ied out. 
Wind spread ac t ive  
mater ia l  

Extent & Effects  of Release 
of Fiss ion Products 

No detectable re lease of f i s s i o n  
products outside of reactor  
shielding. 

11/55 (Worst Case) - Material 
moved southward. Contamination 
w a s  detected 5 m i  from source. 
Radiation protect ion (shoe 
covers, personnel monitoring) 
were temporarily required out- 
s ide  the 100 Areas. 

3 instances. Detectable con- 
taminatjon' copfined t o  100 
Exlusion Areas (except i n  
one case 6 "par t ic les"  were 
found i n  1,000 sq. f t .  surveyed 
i n  the adjacent Wahluke Slope) 

1 instance. No contamination 
detected outside the  lo5 buildirq 

Apr. '57 - Material moved .east- 
ward. Detectable t o  about 5 m i .  
from sources. 

Ref: HW-54636 - Summary of 'Environmental Contamination Incidents a t  Hanf ord 
1952-1957, Seiby and Soldat.  

The slug burning accident r e s u l t s  most probably when one or  more ruptured f u e l  
elements f a i l  t o  drop d i r ec t ly  in to  the discharge basin; i . e . ,  lodges i n  discharge 
face f i t t i n g s ,  becomes overheated, and ign i tes .  
i n  the extreme case, i n  prac t ice  is fur ther  inh ib i ted  by the aluminum cladding 
which remains essent ia l ly  in t ac t ,  and i s  very unl ikely i n  unruptured elements; 
i n  f ac t ,  we have never experienced sustained combustion as such. -The fire- 
f igh t ing  f a c i l i t i e s  available a t  the reactors  is suf f ic ien t  t o  provide the  small 
quantity of cooling necessary t o  prevent t h i s  type of occurrence from assuming 
la rge  proportions. 

Such oxidation is  very',slow even 

The loss of cooling from a s ingle  channel would most l i k e l y  r e s u l t  f r o m  f a i l u r e  
of an i n l e t  p i g t a i l .  
re lease of f i s s ion  products resu l ted  because of the cooling provided by back- 
flow from the  rear  r i s e r s  which i s  established under these circumstances. We 
consdder it unlikely that t h e  f i s s i o n  product equivalent from more than one 
Slug o r  so would be released from th i s ' k ind  of accident except where the  Pane l l i t  
pressure gauge on the s t r icken  channel w a s  a lso inoperative so t h a t  operation 
of the  reactor  continued without adquate c o 6 l i w  t o  a f u l l  channel; cooling 
by backflow under these conditions would be i i e f f e c t i v e  and i n  the  extreme 
s i tua t ion  the bulk of the  f i s s i o n  products, DECLASS,m uranium, and from th- 

One such f a i l u r e  has been experienced and no damage or 

c 
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. D&?XlSSION (cont 'd) 

channel would be molten and/or vaporized. 
coolant failure t o  a s ingle  channel is  very remote (axe i n  the h is tory  of 
Hanford) and our inspection program would place the  chance of an inoperative 
instrument being on a s t r icken  cha&,el a t  about one i n  a thousand. 

However, the  probabi l i ty  of complete 

2. Moderate t o  Major 

The moderate t o  major accident could involve t h e  loss of cooling from one t o  
several  t ens  of channels; perhaps the  most p laus ib le  source would be loss of 
several  p i g t a i l s  concurrently o r  t he  f a i l u r e  of an i n l e t  crossheader. 
case, as above, t he  probabi l i ty  of subs tan t ia l  f i s s i o n  product release cannot 
be assessed quant i ta t ively although it is ce r t a in ly  much l e s s ,  perhaps two t o  
three  orders of-magnitude, than the s ingle  channel accident.  Cooling by back- 
flow i s - e f f e c t i v e  i n  t h i s  case as w e l l  unlees t h e  failure does not r e s u l t  i n  a 
prompt reac tor  shutdown, 
t h i s  case with esch having a probabi l i ty  of only about 0.001 of not act ing.  
If the f a i l u r e  of a crossheader were t o  occur a t  each end between the  check 
v a l v e  and 'die riser, the check valves would prevent cooling by backflow but 
the heat t ransfer  t o  t h e  adjacent l a t t i c e  should prevent the  gross melting of 
uranium; t h i s  se lec t ive  type of f a i l u r e  i s  a l s o  very impmbable - perhaps of the  
same magnitude a s  that  f o r  the m i m u m  credible accident.  

I n  t h i s  

However,the several  independent instruments a c t  i n  

During the  discussions it became apparent t h a t  t h e  scope, i .e.,  one t.0 several  
t ens  of channels, which w a s  a r b i t r a r i l y  se lec ted  as a range of po ten t i a l  f i s s ion  
product volume release, was confusing because t h e  probabi l i ty  of losing coolant 
t o  ' 'several tens  of channels"-ie assured t o  b e  orders  of magnitude less than 
t h a t  from a s ingle  tube or  even several  tubes. 
emphasis would be given probabi l i t i es  i n  c lass i fy ing  reac tor  accidents and loss 
of coolant from more than a "few" tubes concurrently would be classed 'as approach- 
ing maximum credible  i n  prababi l i ty  of occurrence. 
th i s  s r e c i f i e s  i f  s ing le  or  severs1 tube incidents  are not such as t o  promote 
propogation of the  incident through a l a rge r  reac tor  volume. 

Hence it w&s agreed that grea te r  

It should also be noted that 

3. Major t o  M a i i n u m  Credible 

This c l a s s  of incident is  the  one t r ea t ed  i n  d e t a i l  i n  many nuclear reac tor  safety 
s tud ies  and involves t h e  complete, instantaneous 1Gss of coolant presgure from 
several  t ens  of tubes t o  the  f u l l  reactor .  'In t h e  case of coolsrit loss from 
several  t ens  of tubes, perhaps involving the  rupture  of one o r  more crossheaders, 

i n t a c t  would be expected t o  prevent a gross melt-down, even i n  t he  s t r i cken  zone, 
although some m e l t i n g  and f i s s i o n  product release would r e su l t .  
s ign i f i can t  point is  t h a t  t he  events which c w l d  lea5 t o  such extensive destruc- 
t i o n  of primary cooling system piping are probably the  type which could cause 
lo s s  of coolant t o  the  e n t i r e  reactor-with a similar order o r  pmbabi l i ty .  

, t h e  cooling obtained from backflow as w e l l  as t o  surrounding tubes with cooling 

Perhaps the 

- 
a 
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A 

We have determined t h a t  a major power excursion w i l l  not r e s u l t  from complete 
loss  of coolant but  a reactor  melt-down is  inevi tab le  unless cooling can' be 
restored.  There are up t o  four a l t e rna te  sources of prinary cooling; such an 
accident would therefore  need t o  involve breaking t h e  supply l i n e s  a t  t h e  
reac tor  or the extremely. improbable simultaneous failure of a l l  a l t e r n a t e  
supplies.  I n  f a c t ,  one'usually considers earthquake, sabotwe,  o r  some form of 
enemy ac t ion  t o  be the  most l i k e l y  causes of complete cooling failure. 
not consider such a f a i l u r e  a t  Hanford t o  have o ther  than a " f in i te"  probabi l i ty  
of occurring - ce r t a in ly  several  orders of magnitude below t h a t  of t h e  moderate 
t o  major accident class. 

- -* - 

We do 

- 
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* .  # DISC-OSSION (cont 'a> 
. B,. Separations Poten t ia l  For Off-site Contamination V i s .  Tfie Atnosphere - 

R.  E. Tomlimon 

1. General 

The release of b io logica l ly  hazardous materials t o  the atnosphere from the  separa- 
t i ons  areas can be postulated t o  r e s u l t  from enemy ac t ion  o r  from a. f a i l u r e  of' 
process o r  equipment. The probhbi l i ty  of enemy ac t ion  is outside our a b i l i t y  t o  
evaluate, and i s  not considered i n  the  subsequent discussions. 
de t a i l ed  discussion which follows, w e  bel ieve t h a t ,  -- from a separations viewpoint 
only, the  Wahluke slope is no more subject t o  inadvertent contamination than is  
other  uncontrolled areas, including Richland. While no q u m t i t a t i v e  statement is 
proferred concerning the d e s i r a b i l i t y  of cont ro l l ing  more land, some idea of the 
author 's  feel ing can be inferred from the  f a c t  t h a t  he p u r c k s e d  a home and l i v e s  
w i t h  h i s  faxilily i n  Richland. 
of s fgni f icant ly  contaminating o f f - s i t e  areas v i a  tne Ettmosphere t o  be very small. 

Based on the  more 

Short of enemy act ion,  w e  bel ieve the probabi l i ty  

The poten t ia l  re lesse  of f i s s i o n  products from t h e  separations f a c i l i t i e s  t o  the  
atmosphere may be categorized by possible mechmisrns of release as follows: 

1) The re lease of' f i s s i o n  products associated with pa r t i cu la t e  matter 
from the  Redox, Purex, o r  234-5 f a c i l i t y .  

2) The se lec t ive  release of iodine-131 from the  Redox o r  Purex p lan t .  

3) The se lec t ive  release of ruthenium from the  Zedox p lan t .  

4) The release of contaminated pa r t i cu la t e  matter from the  waste 
storage tanks. 

The &eve p o s s i b i l i t i e s  are discussed separately belaw. 
uranium n i t r a t e  i s  c a l c i w d  t o  the oxide contains v i r t u a l l y  no f i s s i o n  products 
and i s  not considered f u r t h e r o  

Tlie p lan t  i n  which 

2. Pa r t i cu la t e  Matter 

Par t icu la te  matter,  such as dust,  ru s t ,  m i s t s ,  e t c . ,  i s  removed from t h e  vent i la-  
t i o n  exhaust by f i l t e rs  of sand (Redox) o r  g lass  wool (Purex, 234-5). 
the  contaminated pa r t i cu la t e  matter which escapes the p l an t s  and set t les  i n  the  

.environment is  not dist inguishable from debris  from bomb tests. I n  1954, part icu-  
la te  ammonium n i t r a t e  w a s  foupd t o  be s e t t l i n g  i n  the  v i c i n i t y  of t he  Redox stack. 
This salt w a s  t he  product o f - a  gas-phase reac t ion  between vater, emnonia from the  
jacket removal s tep,  and nitrogen oxides from t h e  urmfum disso lu t ion  step.  
emission problem w a s  a l l ev ia t ed  by in s t a l l i ng  spray r ings  i n  t h e  s tack which 
permitted the s tack l i n e r  t o  be flushed. 
now washed down per iodical ly ,  and ammonium n i t r a t e  deposit ion is no longer a 
problem. 

Normally, 

The 

The s t ack  l i n e r s  of both p lan ts  are 

A major emission of pa r t i cu la t e  contamination i s  believed t o  be possible  only 
through a rapid release of energy i n  the processing equipment. 
release could tcke the  form of a nuclear incident  o r  an abnormal chemical 
reaction. 
but  is  believed t o  have about the  same energy p o t e n t i a l  as a chemical reaction. 
Chemical react ions involving hexone-air, hexone-nitric a c i d ,  tind unstable s i l v e r  
compounds have been experienced several  t i m e s .  

This energy 

A nuclear incident has not been e-qerienced i n  a separations plant ,  

I n  no cas,€ has contamination 
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* , DIS-CUSSION (cont 'd) 

escaped the  immediate c o d i n e s  of t he  plant .  
upon t o  prevent contaminbtion spread from the canyon buildings i s  t h e  concept 
of "defense i n  depth". The processing equipment i+,seif is  not expect.ed t o  
contain the  material i n  which the  energy i s  released. The c e l l s  and building 
s h e l l  w i l l ,  however, e f fec t ive ly  contain the  contaminated materials. The 
c e l l s  which contain the  process equipment occupy a inuch la rger  volume than any 
piece of process im equipment, and the  pressures developed i n  the  l a rge r  volumes 
are considerably re6ixed. Each c e l l  vents i n  t u r n  t o  a much l a rge r  volume area, 
thereby recucing the probabi l i ty  of breaching t h e  building s h e l l  t o  e s sen t i a l ly  
zero. 
ment through lorig l i n e s  and/or ducts which e f fec t ive ly  snub any pressure wave 
thereby minimizing any impact on the  f i l t e r  u n i t s .  This concept i s  equally 
applicable t o  the  234-5 f a c i l i t y ,  sus t i t u t ing  hoods and rooms f o r  c e l l s  and 
canyons 

Tne pr inc ip le  which is  r e l i ed  
. 

The vent i la t ion  f i l t e r s  are connected witqh the process c e l l s  and equip- 

The in-process inventory runs about 20,000,OOG cur i e s  of f i s s i o n  products i n  
Purex, and 10,000,000 cur ies  i n  Redox. About 1/2 t o  2/3 of t he  inventory i s  
i n  the  dissolver  and feed &e-up port ion of the  p lan t  and the  balance i n  the  
waste handling port ion of the  plant .  
i n  the process equipment i n  the  rest  of t he  p l an t .  
i t y  of a s igni f icant  emission of pa r t i cu la t e  natter from a process building is 
very small. 

About O . l $  of the inventory i s  d is t r ibu ted  
We bel ieve t h a t  t h e  probabil- 

- 
3. Iodine 

We are current ly  releasing about 10 cur ies  of iodine-131 per  week t o  the  atmosphere. 
The range of re lease rate is generally between 2 and 20 curies  per  week. 
deposit ion i n  vegetation i n  the  environment Ys detectable  i n  an i r r egu la r  s t r i p  
about 4-6 m i l e s  wide extending generally i n  a south-easterly d i rec t ion  toward 
Richland. Off-site contamination is  w e l l  below the  l e v e l  believed t o  be safe 
f o r  Tontinued ingestion by sheep, and f o r  continued ingestion by humans of 
garden produee and milk produced i n  such environment. 

iodine 

I n  1944, several  hundred cur ies  of iodine-131 were ppurposely released i n  one 
emission so t h a t  the Army could determine the  dispers ion and t ransport  character- 
i s t i c s  of the  atmosphere. This w a s  a one-shot experiment. 

Iodine-131 is  handled a t  a r a t e  of several  hundred cur ies  per day. 
of the iodine i s  vo la t i l i zed  during dissolut ion,  and is  absorbed on s i l v e r  
reactors .  
with a porous packing material which has been impregnated with s i l v e r  n i t r a t e .  
The un i t  is  operated a t  about 200'~ f o r  optimum eff ic iency.  
up t o  9 9 . s  of the  iodine evolved when i n  good operating condition, but periodic 
breakthroughs occur through depletion of s i l v e r  n i t r a t e  o r  failure of tempera- 
t u re  control.  
t o  improve the  eff ic iency of the  s i l v e r  reactors .  
placed i n  operation i n  both p lan ts  f o r  t he  dual purpose of recovering n i t r i c  
ac id  previously routed t o  the  atmosphere and assuring t h a t  icjdine releases  a r e  
minimized. 

About half  

These un i t s  are 2 t o  3 feet  i n  diameter by about 10 feet  high, f i l l e f i  

These u n i t s  remove 

During the last year, e l e c t r i c  hea te rs  were in s t a l l ed  i n  Purex 
Back up fac i l i t i es  were 

I n  the  Purex process, an average of perhaps t e n  t o  f i f t y  c-mies of iodine per  
day are vo la t i l i zed  from t.he processing equipment subsequent t o  the  dissolving 
s tep.  A steam heate3 s i l v e r  reac tor  i s  prgvided t o  r e t a i n  t h i s  iodine. 
gaseous e f f luent  from t h i s  u n i t  does not pass through the  back-up f a c i l i t i e s .  

m e  

DECLASSIFIED 



1 1  j ' - r  . 

k ,  

DISCUSSION (cont 'd) 

Generally speaking, about half of the iodine being released to the atmosphere 
escapes via the dissolver off-gas, &nd half vi& the process cff-gases. 

4. Ruthenium 

About 200 curies of ruthenium were released to the atmospkere from the Redox 
plant in two incidents in January, 1954. 
a narrow strip of land extending toward Spokane (See HW-54636, Summary of Environ- 
mental Contamination Incidents at Hanford, 1952-1957, by J. M. Selby and 
J. K. Soldat, Jlanuary 25, 1958). 
and decayed within six months such that it was indistinguishable from debris 
from nuclear weapons tests. -No subsequent emissions of rutheriium have been 
experienced. 

In the original flow pattern, ruthenium was oxidized to the volatile RUO4 form 
and removed from the off-gas stream in a,caustic scrubber. 
passed through a glass wool filter for removal of particulate matter, and discharged 
through the 200 foot stack to the atmosphere. 
occasioned 5y the failure of the recirculating p m p  in the caustic scrubber co- 
incidentally with an instrwnent failure which permitted the pump failure to be 
undetected. 
series with the original scrubber, and the off-gas has been routed through the 
sand filter which handles the building ventilation exhaust. 
Of the sand filter is an efficient reducing-absorber for the removal of the 
gaseous tetroxide, and the filter also removes the activity present as particulate 
matter. 
vanishingly' small 

Off-site cbntamination WES limited t o  

The level of off-site contamination was low, 

The off-gas was then 

The releases of rirthenium were 

Since that time, ti second caustic scrubber has been installed in 

The extended surface 

The probability of a significant emission of rutheniutn is judged to be 

5 e Waste Storage 

The Pission products which have been separated from the uraniun and plutonium 
products are stored in underground tanks of peinforced concrete. 
stored as alkaline slurrie,s, with the bulk of the fission products a&sociated 
with prkeipitates of hydrous oxides of iron and aluminum. 
solution. 
significant, extent off-site, short of a direct hit by a bomb. 

me wastes are 

The cesium remains in 
We see virtually no chance of contaminating the atmosphere to a 

C. Radiological Considerations - J. W. Healy 
The following discussion treats the topics discussed in.-the April 21, 1958 meet- 
ing at Washington D. C. 
time did not permit detailed development at that meeting. 
discussed in the May 9, 1958 and June 5 and 6, 1958 meeting with the Advisory 
Committee on Reactor Safeguards. 

1. 

Five stsk emissions have been recorded for the reactor areas as a result of 
ruptured or burning fuel elements. 
have occurred from dried out effluent basins and wind pickup of the debris. 
Several of these incidents'which are representative of the patterns encountered 
are described along with contamination incidents in the Separations Areas. 

Some supporting detail is provided for which available 
This same material was 

Radiological Consequences of Past Incidents 

In addition s-everal spreads of contamination 

I Figure 1 illustratrates the results of a burning element at the 100 Areas in 
May of 1955 e This incident occurred about 7 :  00 a.m. in the morning during a I 1 0 2 1;. 4 8 

RICPI AC!CIE!CIS 
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period of inversion conditions although the inversion broke shortly after the 
material was emitted. 
to four miles per hour generally from the west although tney varied frorn south- 
west to north between the period of 5:30 to 8:30 a.m. 
the figure consists of" the 100-H Area and indicates the deposition pattern of 
particles resulting from the stack emission. The particle activity distribution 
of those measured is represented by the small table in the upper right hand 
corner of the figure. Here it is seen that one per cent of the particles were 
greater than 2 uc per particle. 

The winds were variable with spe&ds on the order Of two 

The area represented by 

The second incident occurred at 100-H in November of 1955 and the deposition 
pattern is represented by Figure 2. Here detectable particles were found four 
to five miles south of the stack with the heaviest deposition occurring a.t the 
gatehouse approximately one mile from the stack. 
filters that about 0.8 curies were emitted. The incident occurred about two 
o'clock in the afternoon with winds northeast to north-northeast at one mile per 
hour until 2:3O p.m. and four miles per hour at 3:30 p.m. The atmosphere was 
unstable during the emission. As a result of this emission it was necessary to 
decontaminate automobiles parked at the entrance of the gatehouse and to re- 
route traffic into the 100-H Area until the contamination was cleaned. Again, 
the particle activity distribution is given on the figure with one per rent of 
the measured particles greater than 1.3 uc. 

The latest incident is illustrated in Figure 3. 
when an estimated 0.05 uc were emitted. 
particular difficulty although one per cent of the particles were greater than 
4.5 uc in this particular case. 

It wad estimated from stack 

This incident occurred at 100-K 
The contamination pattern caused.no 

Figure 4 illustrates the type of contamination pattern which results from the 
drying out of a retention basin and blowing of the partfcles in the vicinity. 
The 1074 basin was allowerl to dry in early April, 1957, so that repair work 
could be completed. The overall contamination pa+,tern is on the order of one 
mile in extent with particle activities generally less thsn has been noted in 
other surveys with one per cent being greater than 1.7 uc. 

Figure 5 illustrates the results of an emission of about 230 curies of ruthenium 
from the Redox plant stack early in January, 1954. 
during the night hours with winds from the southwest at twenty to thirty miles 
per hour until 4:30 a.m. At 4 ~ 3 0  a.m. the wind shifted to five miles per hour 
from the south, and at 5:30 a.m. four miles per hour from the west. 
tions were close to neutral, perhaps slightly unstable, with wind gusts up to' 
forty miles per hour until 4:OO p.m. 
occurred over a several hour period. 
constant and invariant wind direction over the time of emission and travel, with 
the width not greatly different from that expected from Sutton's equations. 
is impossible to give fine detail on the resulting ccncentrations on the slope 
since the survey measurements in this area were not detailed. 
apparently came out as a fine aerosol with relatively unifom deposition on 
the vegetation. 
0.01 uc per gram of vegetation. 
the present maximum permissible limits for ruthenium and assume that an indivtdual 
could eat as much as 250 grams per day, it is indicated that these concentrations 
are between 10 and 100 times the maximum permissible limits for continuous 
occupancy. At the time of the incident, however, the maximum permissible limit 
for ruthenium was about 100 times that now accepted. 

Here, the incident occurred 

The condi- ' 
. 

It is estimated that this-emission 
The shape of the plume indicated a relatively 

It . 

This ruthenium 

The concentrations on the slope were on the order of 0.1 to 
If we examine these concentrations in view of 

In addition, the narrow 
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character of the plume in this region indicates that very few people would have 
access to as much as 250 gram5 of vegetation per day from the area of maxinUm 
concentration. 

In May, 1954, an estimated 40 curies of ruthenium were again emitted from the 
2G0 West stack with the pattern indicated in Figure 6. 
emission has not been definitely fixed. 
was found to contain unusually large amounts of radioactive materials. 
immediately outside of the Redox area revealed small white flakes at a frequency 
of 30 to 300 per 100 square feet. 
w e  listed in the upper right hand corner of the figure and indicate a general 
decrease as one moves away from the area. The offshoot to the er,st in this figure 
is believed to be due to a pattern existing prior to this emission. 
one per cent of the, particles were found to be greater than 3 - 5  UC. 

Figure 7 inacates the general ground contamination pattern for the Hanford 
reservation-during the period of September and October, 1954. 
summer of 1954 that the particle problem with ruthenium par-ticles occurred. It 
is believed that the emissions in January caused deposition of ruthenilun on the 
stack and duet walls with later flaking of this material to produce the small, 
intensely radioactive particles which were found. 
shown on this figure is reasonably typical of the problems encountered. Here it is 
seen that 50 per cent of the particles were greater than about 0.2 uc per particle, 
ten per cent were greater than one uc per particle and one per cent were greater 
than &bout five uc per particle. The maximm particle found in the environs Was 
on the order of one millicurie, although its physical size was about one milli- 
meter. Since the hazards from such small discrete radiation sources are not 
well understood, programs to develop information on the probability of coctact 
and the effects of such particles were started. Survey techniques consisted of 
reading the particles in a known area with a conventional radiation measuring 
instrnmnt and converting the meter deflection in units of rads per hour to the 
estimated quantity of radioactive materials in the particle. In measurement of 
the dimensions of the particles and the quantity of radioactive material it was 
found that there was no strong correlation between the quantity of radioactive 
material in the particle and the physical size, although it was noted that none 
of the particles were larger than a size proportional to the square of the.maximum 
particle dimension. 
activity measurements and compared with the weigkt of the particle. 
ranging from less than 0.01 per cent to 31 psr cent were found. &er 50 per cent 
of those measured had less than one per cent ruthenium dioxide, although a second 
group of' 30 per cent of the total had between two and four per cent ruthenium 
dioxide. 
started and are presently being continued for the possible long range effects. 

Studies of the dosimetry of point sources of this material and the possibility 
of pick up by winds and impaction on humans were carried out in order to provide 
some basis for the estimation of possible hazards. I n  addition, studies of the 
possible transfer of contamination from the ground to people working in the 
area and the probability of particle pickup from driving or working on contmi- 
nated vehicles were made. 
probability of a hazard-existing in public areas was remote. 
various roads on the project were cleaned by spraying and in some cases by hand 
removal of individual particles and the secondary rosds were blocked to non- 

The time of this 
The Fedox stack skiple removed May 24 

S-meys 

The maximum particles found at various locations 

In this survey 

It was during the 

The activity distribution 

The ruthenium content of 36 particles was computed from the 
Values 

Studies of the effects of these psrticles on the skin of animals were 

As a result of these stu3ies it was ir,dicated that the 
However, the 

essential traffic. 
station for decontamination of vehicles at the 200 Area. 

A survey station was established at the 300 Area and a 
Survey stations for 

i 1 n 9 lr ! >  ': 
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personnel were in s t a l l ed  i n  the badge houses i n  order  t o  detect  individuals 
possibly leaving with raaioactive pa r t i c l e s  on the i r -person .  I n  general, a 
remarkably f e w  p a r t i c l e s  were found on people In  t h e  course of the survey 
procedures and no indicat ion of damage or  over-exposure t o  .my individual as 
a r e s u l t  of t h i s  emissim w a s  ncted. 

2. Predicted Consequences of Accidents 

a e Calculation Proce5ures 

The eistinationa of consequences of a reactor  a c c i d m t  ere Extiemely sensi-  
t i v e  t o  the  i n i t i a l  assvmptionz made as t o  the  course of the accident, the  
d i lu t ion  downwind and the  l imi t s  a t  which d z n x e  i s  as~me.3 t o  occur. We 
a re  i n  process of reviewing arCi revising thzese eslcglat ions i n  or.ler t o  take 
i n t o  account the ;dv%rces i n  severs: f i e i d s  over t he  pas t  f e w  years and t o  
indlcate  the  v a r i a b i l i t y  which may occur under differerit  conditions. The 
present estimates are a mixture of t he  new r e s u l t s  applied t.o Illany of t he  
older  l i m i t s .  
c e r t a in  th9,t the  prccedures are c l ea r  bafore discxssion of the r e su l t s .  

'J3e bas i s  of the  present est-tee w i l l  be reviewed t o  be 

(1 1 Figure 1 indicates  the  calculated quant i t ies  of f i s s i o n  products present i n  
a reac tc r  operating a t  a p o w r  l eve l  of o m  megwatt  fcr the time indicated 
For comparison, the  presect  i rmdia5ion  t . h e  i n  the Rantorrl reactors  is  about 
50 - 100 dBys. 

3t  is  i n t e r s t i n g  t o  note t h z t  the  t o t a l  qmntdty of f i s s i o n  products is 
f a i r l y  indepensent of t he  t i m e  of operation i n  the  perio9 inmedititely follow- 
i n g  shutdotm. 
f i s s i o n  products are strongly dependent. upon t h e  t i m e  t h a t  the  fuel is  i n  
the  reactor .  
products af ter  shutdown is pmport ional  t o  t h e  power levz l ,  while a t  long 
times they a r e  proportional t o  t he  e - q o s u ~ e .  
which depend upon rarliaticn exposures soon after shutdown m y  be expected t o  
depena largely upon the  power l eve l  while those whicn depend upon the 
l ingering nature of the  contaminstion w i l l  be more dependent upon the exposiire. 

A t  long times after shutdown, however, the q w n t i t i e s  of 

a f i r s t  appzoxkmtion, the  t o t a l  quant i t ies  of f i s s i o n  A s  

Thus, e f f ec t s  i3 the  environs 

(2) Quantit ies %leased 

One of the la rge  uncertaint ies  i n  the predict ion of co3sequences i s  the  
quant i ta t ive  estimate of quant i t ies  of f i s s i o n  products released under t h e -  
stimulus of the accident e 

t i o n  of f i s s i o n  products from aluminum and z i r c o n i n  alloys with the 
following t en ta t ive  conclusions: 

Parker and Creekt2)have studied the  voia t i l fza-  

The f r ac t ion  released from t-he molten ?le1 i s  proportional t o  t he  
tempertiture. 
The f r ac t ion  released is  strongly a f fec ted  by the, degree of oxidation, 
t he  burnout cf the  l%el, and the  type of f u e l .  
There i s  some indication t h a t  the time of heating is  bportant . .  Their 
general  date on vola t . i l i ty  duririg heating are given i n  Wble I: 

DECL ASS 1 F!E D 
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El eme nt s 

Table 1 

GENERALIZED BEIIAVIOR OF FISSION PROYJCTS ON MELTING 

Release 3 Rearks 

Xe, Kr, I, Br, Cs 10 - 100 High volat.ility 

Te, Se, Mo, Tc, B&, Sr 1 - 10 Moderate volatility 
Volatile in vacuum 
Ncn-volatile in air 

Y, La, Ce, Pr, Nd, PM 0.15 Low volatility, form 
refrzctory compounds 

Zr, Nb, Ru, Iih G.1$ Low volatility - form alloys 
and refractory compounds 

An overall release of' 25 per cent of the f'iesion products, fractionated as: 

lo@ of the noble gases 
'76 of the halogens 
loqd of the remainder 

has been adopted for these calculations. 
a low release for cesium and perhaps tellurium but a high release for 
strontium, zirconium, and the rare earths although even these results m y  
be dependent upon the physical conditions (ice., oxygen content, water vapor 
content, etc.) in the reactor. 

It may be noted that this predicts 

Once the fission products are released from the 'fuel eiement they must still 
e@c,s,pe. from the reactor structure and the building. 
reactor, t.he heated gases must pass either along the tube and out the broken 
end or through the gas system of the reactor which consists of rather small 
channels in the graphite. 
deposition of the particulates on the walls of the ckamel with possible 
further fractionation of the material. 
expand into the reactor building, it is to be expected t.hat the expansion 
and subsequent condensat.ion will again result in the removal of fission 
products from the cloud. 
although meager data are available on the deposition of particles in tubes 
and it'is planned to attempt to apply some of these data to the particular 
conditions of the reactors. 

To escape from the 

In either case there will be considerable 

As the gases leave the reactor and 

, 

(3) These factors have not been well evaluated 

(3)  Delution and Deposition 

The travel of the material in the atmosphere will be dependent upon the 
meteorological conditions existent at the time. 
in the atmosphere has received a considerable amount of effort with reason- 
able solutions now available for the condition in which the movement is 
during invariant meteorological conditions. Unfortunately, the characteris- 
tics of the atmosphere and the possibility of changes in wind direction and 
velocity during the period of emission have not, &E yet, been well character- 

The problem of diffusion 

ized. 
meteorological conditions in the area; however, we have not yet adequately 
kharacterized the possibility of encountering variable wind conditions for 
given periods of time and given meteorological conditisns. 

We do have considerable infomtiori on the climtologicsl and average 

1 0 2 i) 
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The d i lu t ion  of' the  raiiioactive material  was calculated i n  the  neut.rsl and 
unstable case by the use of Sut ton 's  equations f o r  wind speeds of 1, 5, and 
10 meters per  second. The r e l ea  e w a s  a l s o  considered t o  occur from ground 
l e v e l  and from a 200 foot  ~ t a c k . 7 ~ )  I n  the  a c t u a l  incident it is  not ce r t a in  
as t o  whether t h e  release would be f romthe  s tack  o r  from crevices i n  the  
building. 
r e s u l t  w i l l  be a summation of t he  two. Dilutions i n  the  s t ab le  case were 
calculated from t he  recent equations derived from Xanford work f o r  an 
elevated plume. For the  ground release condition it i s  necessary t o  assume 
that the constants i n  the  equations were the same as f o r  an elevated plume. 

In  prac t ice  it may w e l l  occur by both methoas and the  f inal  

I n  each case the  d i lu t ion  was calculated f o r  a puff or instantaneous emission 
and the r e s u l t s  expressed i n  un i t s  of integrated e a o s u r e  a t  a distance.  For 
a slow release of the  nkterizl the  prinzsry difference i n  r e s u l t s  w i l l  be the  
spreading of the plume due t o  the  wind s h i f t s  which c)ccur during the  period 
of emission and the  radioactive decay i n  the  t i m e  before emission. Thus the  
distances calculated from an instantanems emission should be maximum since 
addi t ional  d i lu t ion  caused by the  wind meander w i l l  tend t o  decrease these 
distances.  
axis w i l l  be decrease3 by t h i s  wind meander although the  width of the  cloud 
w i l l  be increased. Methods f o r  estimating the  e f f ec t  of such wind meander 
depend upon a s t a t i s t i c a l  knowledge of wind s h i f t s  during various meteoro- 
l og ica l  conditions. 
decrease i n  concentration and increase i n  width would mount t o  something on 
t h e  order of a f ac to r  of th ree  f o r  mny of the  wind conditions although it 
must be rea l ized  t h a t  r e l a t ive ly  invariant winds over periods of several  
hours have been noted. 

I n  general, the  integrated exposure a t  any point along the  cloud 

Data presently avai lable  would indicate  t h a t  t h i s  

The deposit ion of the  radioactive materials from t h e  cloud w a s  calculated 
from the  veloci ty  of deposit ion of the  radioact ive material .  
8s 2!.7 cm per  second f o r  the  halogens and about 0.1 cm per second f o r  t h e  
pa r t i cu la t e  materials i n  neutral  atmospheres with wind speeds of 5 meters per 
second. It w6s assumed t h a t  t h i s  deposition v e l m i t y  w a s  control led by the  
meteorological conditions and the  deposition ve loc i ty  w&s taken as d i rec t ly  
proportional t o  the  wind speed. 
f o r  the  change i n  deposit ion veloci ty  with s t a b i l i t y  of t h s  atmosphere. 
The calculat ions were performed assuming th&t t h e  halogens were cmitted 
i n  t h e  vapor phase. 
t h e  resu l t ing  calculated deposition of the  halogens i s  high i n  the  v i c in i ty  
of the  p lan t  and low a t  longer distances from t h e  plant .  

'This w a s  taken 

An a rb i t r a ry  allowance vas incorporated 

If they occur adsorbed on pa r t i cu la t e  materials then 

The calculat ions were a l l  performed f o r  invar ian t  conditions which were 
assumed t o  last over t he  e n t i r e  period of cloud t r ave l .  
un rea l i s t i c  assumption and w a s  made simply t o  indicat.e differences caused 
by changes i n  the meteorological conditions. 
however, t o  i n t e rp re t  these r e su l t s ,  pa r t i cu la r ly  i n  the  inversion condition, 
as t r u e  indications of t he  distances and perhaps areas which would be 
covered i n  an ac tua l  incident.  

This is  an extremely 

It is  extremely dangerous, 

b o  Conditions on Slope 

I n  applying these calculat ions LO iAe WahlLLke Slope it must be remembered 
t h a t  the  t e r r a i n  slopes upward from the  reac tors  so t h a t  t h e  elevated 
release, i n  par t icu lar ,  poses problems i n  the  e f f e c t s  of t e r r a i n  which have 
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not been completely solved. 
tions under these conditions will be higher than calcul&ted for a flat plane, 
at least at distances where the plume has not yet diffused to the ground, 
but they may well not be as high as would be predicted,by an imaginary plane 
intersecting the plume at this elevation above the hypothetical plane at the 
base of-. the stack. 

I n  general, it is believed that the concentra- 

(1) Calculated Conditions 

A ful1,meltdown'of a reactor would release on the order of 1000 to 2000 
megacuries of fission products which would decay to about 500 - 1000 
megawatts would release on the order of one megacurie which would decay 
to' about 0.5 megacuries at one day. 

 megacu curies at one day after reactor shutdown. A single tube at 1.5 

The mximum .distances at which various actions would be required have 
been summarized in %>le I1 for both the ground and elevated release 
case a 
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Ground Level Release Case 

Full Release 

Lethal 
Long Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

2G0 Foot Release Case 

Ful l  Release 

Lethal 
Long Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

Groupd Level Release Case 

Single Tube 

Long Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

200 Foot Release Case 

Single Tube 

Long Evacuation 
I Temporary Evacuation 

Crops ' 

Halogens 

Halogens 

Table I1 

MAXIMUM DISTANCES 
(miles) 

Strong 
Inversion 

100 - 250 

5 - 10 
300 - 600 

5 - 10 

- 

o - 500 
200 - 700 
600 - 800 
> 1000 
7 1000 

5 - 6  
20 - 25 
2 - 3  
50 - 80 
5 - 10 

- 
1 1  

L1 
- 

goo - 1000 

Moderate 
Inversion 

15 - 30 
200 - 300 
15 - 30 
600 - >io00 

30 - loo 

- 

o - 180 
250 - 300 
71000 . 

120 
71000 
300 - 800 

3 - 4  
10 - 20 
1 - 3  
60 - 70 
20 - 50 

4 1  

0 - 40 
- 

150 - 200 

Neutral 

2 - 6  
30 - 40 

100 - 150 
k0 

300 - 600 
1000 

3 - 8  
30 - 40 

l oo  - 160 
50 - 70 

400 - 600 
7 1000 

4 1  
2 - 3  
1 

7 - 9  
100 

- 
2 - 3  
1 - 2  
6 - 10 

150 - 200 
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Unstable 

20 - 25 
70 - 90 

250 - 350 
7 1000 

20 - 30 

15 - 25 
70 - 80 
30 - 40 
250 - 300 
7 1000 

<1 
1 - 2  
-0.5 
4 - 5  

60 - 70 

- 
1 - 2  
d0.8 
4 - 6  

70 - a0 
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It should be noted t h a t  f o r  an elevated release in to  a s tab le  atmosphere, 
the  plume m y  pass completely over the slope a rea  and cause damage else-  
where o r  the elevated t e r r a i n  may cause higher ground concentrations-on the  
slope than ind ica t ed  with consequent grea te r  damage a t  these close approaches 
and less a t  large distances.  
i s  derived primarily from the  halogens and represents  a seasonal type of 
damage. The more l ingering contamination of crops from the pa r t i cu la t e s  
would bd i n  the range of perhaps f ive  t o  ten  miles f o r  the unstable conditions. 

For a prolonged release period the distances may be reduced as explained 
e a r l i e r  by wind s h i f t s .  For example, meander which increases the  plume width 
by a fac tor  of two, decreases the distances by a fac tor  of about 1.5; while 
meander which increases the  width by a f ac to r  of four decreases the  distances 
by a fac tor  of about two. 
plume width w a s  on the order of 1 . 5  t o  2.0 times t h a t  which w a s  used i n  thse  
estimates when emission w a s  over a 30 t o  60 minute period. 
d i f f w i o n  experiments over the Wahluke Slope from a ground source i n  s l i g h t l y  
unstable conditions, the average plume width over a two-hour period w a s  3.2 
times the short  period width. For re leases  over periods of several  hours, 
then, it appears reasonable t o  assume t h a t  the wind meander w i l l  lower the 
average concentration by a fac tor  of perhaps 
increase the width of the  plume. 
distances estimated above by a f ac to r  of perhaps two. It should be noted, 
however, t ha t  conditions of r e l a t ive ly  s tab le  wind direct ion do occur over 
periods of several  hours so t h a t  the poss ib i l i t y  of reaching these maximum 
distances s t i l l  ex i s t s .  

The crop distance f o r  the s ingle  tube incident 

- 

I n  f i e l d  t e s t s  i n  the  s t a tde  case, t he  average 

In t he  recent 

t h ree  t o  four and simultaneously 
This would have the  e f f ec t  of decreasing the 

Under these conditiolis -the property damage category i n  the  f'ull meltdown case 
reaches far beyond the slope area with the slope itself comprising a small 
par t  of the  damage. 
the  dimensions of the slope s o  t h a t  the bulk of the  immediately l e t h a l  sect ion 
w i l l  be i n  this  v i c in i ty  if the wind i s  i n  the  d i rec t ion  of the slope. 
damage c r i t e r i a  was included i n  the  t ab le  because of the  uncertain nature 
of the damsges resu l t ing  and the possible late e f f e c t s  on people at  sane 
distance.  

The estimated l e t h a l  distances a r e  of t he  same range as 

NO 

For the s ing le  tube incident,  l e t h a l i t y  is  not expected outside of the  
immediate plant  area and the  a t ten t ion  s h i f t s  t o  property damages. 
range of evacuation distances under unfavorable releaee conditions are on 
the order of the slope dimensions although under more favorable conditions 
evacuation would not be necessary. 
par t icu la tes  is  estimated t o  be on the order of e ight  t o  nine m i l e s  maximum 
under neutral  o r  unstable conditions and up t o  60 t o  70 miles under stable 
conditions. Temporary r e s t r i c t ions  on m i l ' i  and some crops may be necessary 
frm the iodine-131 content at  la rger  distances,  although t h i s  w i l l  depend 
upon the width of the plume ( i . e . ,  the f r ac t ion  of the t o t a l  food consumed 
by families t h a t  is  grown i n  the  plume) and the  makeup of t h e  l o c a l  population 
affected ( i o e . ,  the  number who derive t h e i r  food supplies from t h e i r  own 
land). 

Here the 

Prolonged cont ro l  of crops from the  

For general information the  estimated areas  involved s r e  l i s t e d  i n  Table 111. 
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Table I11 

=2 (miles ) 

Full Release 

Ground Level Release Case 
' , '  

Lethal 
Long Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

200 Foot Release Case 

Lethal 
Long Evacuation 
Temporary .Evacuation 

Crops 
Halogens 

Halogens 

Single Tube 

Ground Level Release Case 

Long Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

200 Foot Release Case 

Strong 
Inversion 

Moderate 
Inversion Neutral 

10 - 100 
800 - 1200 300 - 700 

7 1000 I1000 

> 1000 >loo0 
1 - 6  5 - 20 

5 - 10 50 - 600 

0 - 100 
~1000 
> 1000 
>loo0 
71000 

1 - 2  
8 - 10 
4 1  

70 - 80 
3 - 10 

0 - 260 
w 1000 
>loo0 

250 - 300 
w 1000 
r l O 0 0  

4 1 .  
4 - 8  
4 %  

60 9 80 
10 - 70 

Unstable 

0.2 - 2 
40 - 60 

500 - 700 200 - 300 
20 - 30 

60 - 7 G  
> 1000 -1000 
> 1000 71000 

40 - 50 

0.3 - 3 

300 - 400 3 0 0 -  400 
130 - 170 go - 100 

30 - 40 20 - 30 

>loo0 71000 
71000 >loo0 

4 1  41 
4 1  t l  
4.1 4 

2 - 4  1 - 2  
300 - 400 200 - 300 

Long 'Evacuation 
Temporary Evacuation 

Crops 
Halogens 

Halogens 

d1 L1 L1 Cl 
L1 L1 41 L1 
41 L1 L1 4 1  
4 1  L 1 -  9 2 - 3  1 - 2  

7 1000 7 1000 800 - 1000 500 - 600 
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These areas a re  much l e s s  sens i t ive  t o  wind s h i f t s  than the  distance s ince 
meander which r e s u l t s  i n  a smaller distance w i l l  a l so  r e s u l t  i n  a wider plume 
with the  damage occurring c loser  t o  the  reactor  but about the  same areas  
covered. Again, i n  the  s ing le  tube case, t h e  crop damage is primarily from 
iodine-131 deposition. Long term damage from the -pa r t i cu la t e s  is generally 
confined t o  areas on the order of one t o  ten  square n i l e s  except i n  the  
ground release during inversion conditions when areas up t o  80 square miles 
are involved. 

A l l  of the  above computations assume t h a t  the halogens a r e  emitted as vapors 
and the pa r t i cu la t e s  as aerosols .  
if the vapors adsorb on p a r t i c l e s  of other mater ia ls  such as apparently 
occurred a t  Windscale. Although these spec i f ic  calculat ions have not ye t  
been car r ied  out, it is believed that such an emission would tend t o  decrease 
the areas  of iodine contamination. 
apparently occurs i n  some of the  minor emissions, would completely inval idate  
these calculat ions since the deposition mechanisms and thus the  pa t te rns  
would be changed. 
would be expected t o  produce aerosols of type envisioned. 

Halogen pa t te rns  w i l l  be grea t ly  changed 

The emission of large pa r t i c l e s ,  such as 

An accident leading t o  the  consequences postulated, however, 

Comparison with Diffusion Experiments 

'The diffusion experiments with ground l e v e l  sources of fluorescent 
pigment which have been conducted Over the Wahluke Slope area have been 
described e a r l i e r .  In general, these experiments consisted of th ree  
runs eastward from 100-H, 100-D, and White B l u f f s  and three  runs north- 
ward from 100-B. 
and.samples were taken along l i n e s  perpendicular t o  the wind direct ion.  
Conditions of s l i g h t l y  unstable atmosphere with b r i sk  winds were chosen 
t o  maximize the probabi l i ty  of s t r ik ing  t h e  sampling l i ne .  

The release w a s  made f o r  periods of two t o  three  hours 

Unfortunately the  data a r e  s t i l l  not de t a i l ed  enough t o  permit the 
de ta i led  assessment of the e f f ec t s  of t e r r a i n  a n d l o c a l  influences on 
the diffusion.  
deposition which.has not ye t  been evaluated f o r  t h i s  pigment although 
it should be close t o  that assumed f o r  pa r t i cu la t e  f i s s i o n  products. 
Additional long range s tudies  w i l l  be needed t o  assess the f u l l  impact 
of these var iables .  

These-'experiments have a b u i l t - i n  cor rec t i sn  f o r  

These experiements have given the opportunity t o  assess  the possible 
inaccuracies of the  analyses of accident consequences calculat ions 
using conventional diffusion equations. We have compared the r a t i o  
of the maximum concentration as calculated by Sutton t o  the msximum 
measured calculat ion f o r  these conditions. 

These r e su l t s  a r e  given i n  Table IV: 
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Table IV 

COMF'ARISON OF CALCULATED AND MEASURED PEAK CONCENTRATIONS 

Ratio, Calculated 
Em* Distarce Wind Speed Measured - 

(miles) (m/sec) 

1 3 
2 2 

8 
3 2 

8 
4 1.2 

4 05 
5 1.7 

4.2 
6 2.2 

8.6 

10 6 
10.3 3 *8 

1.6 
8 2 1  

5.4 
5.4 36 

13.6 
5 -8 100 

84 
12  27 

18 

This r a t i o  includes the  e f f ec t s  of both the  t e r r a i n  and wind meander 
during the two t o  three hour col lect ion period'. 
i n t e r e s t  is the  generally lower r a t i o  a t  the  greater  distance.  This 
is a consequence of the  lower slope of the concentration versus 
distance curve and addi t ional  points  w i l l  be required t o  see i f  t h i s  
trend i s  continued. 
with those expected from wind meander during t h i s  period while t he  
others a l l  appear high, indicating stronger meander, t e r r a i n  e f fec ts ,  
o r  inadequacy of Sutton's equations. 
the standard deviation of the plume width f o r  short  t i m e  periods over 
a two hour t o t a l  period w a s  obtained a t  a distance of 4.5 miles. 
analysis  indicated a standard deviation of 880 meters f o r  the short- 
term width as compared t o  a calculated width of 600 meters' f8om Sutton. 
The average concentration at  the  center of the  short  term plume w a s  
3.2 times the average concentration a t  the center of the  plume averaged 
over two hours. If the r a t i o  of 13.6 given i n  the t ab le  f o r  t h i s  point 
i s  corrected f o r  these fac tors  the measured concentration i s  s t i l l  low 
by about a f ac to r  of three.  

The first item of 

Experiments one and two give r a t i o s  consistent 

I n  experiment four,  a measure of 

This 

I n  general, then, these experiments indicate  that, while the  equations 
used i n  the  analysis  are capable of predicing the  concentrations a t  
the distances of concern reasonably well  when allowance is  made f o r  
wind meander ( i .e .  experiments one and two) it i s  probable tha t ,  i n  
the general case, they overestimate the concentration. The f la t  
gradient i n  concentration downwind from t h e  source is of i n t e r e s t  
par t icu lar ly  when extrapolations t o  long dis tances  are requir'ed. 

Evacuation Times Available 

Minimum evacuatio 
reactor  meltdown. TSfi These times were calculated from the moment of 
complete water loss and resul t ing meltdown usin:: the estimated r a t e s  of 
emission given by Rogers. These indicate  no emission i n  the f i r s t  1 5  

i .  minutes; a l i nea r  increase from zero t o  2CO curies  per second during the 
3 1 period from 15 minutes t o  one hour and a uniform emission r a t e  of 2CO 

imes have been previously estimated f o r  a complete 
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curies  F e r  second Tram one hour t o  3 C  hours .  
vas chosen as an i n t e p a t e d  exposure be1ie:red t o  be roughly equivalent 
t o  5C t o  75 r of whole body exposure. 

?"ne c r i t e r ion  of injury 

The t o t a l  time avai lable  before t h i s  exposure i s  reached i s  compounded 
of three par t s .  
(a) The delay i n  emission (taken here pessimist ical ly  as 1 5  minutes). 
(b) The t r ave l  time which i s  inversely proportional t o  the average 

(c )  The time t o  bui ld  the dose t o  injur ious leve ls .  
wind veloci ty  i n  the  absence of strong plume meander, and 

For each distance there  is  a wind speed which provides a minimum 
evacuation time. For wind speeds l e s s  than t h i s  the  t r ave l  time pre- 
dominates as the  controll ing fac tor  while f o r  speeds grea te r  than t h i s  
the  time of build-up of the dose predominates due t o  the  grea te r  di lu-  
t i on  of the  plume. These wind speeds, f o r  minimum time, range from 
three m i l e s  per  hour a t  one m i l e  t o  four t o  f i v e  miles per hour a t  
20 miles. 
one m i l e  t o  ten hours a t  2 C  miles with a reasonably l i nea r  re la t ionship 
between distance and time. Thus, the  minimum evacuation times i n  hours 
approximate one-half of the  distance i n  m i l e s .  For other wind speeds 
the evacuation times are longer ranging up t o  2.5 times as long a t  20 
miles per hour winds and 1 .5  t o  two times as long a t  one m i l e  per  hour 
winds. 

The minimum evacuation times then range from 0.88 hours at 

These evacuation times w i l l  probably not be  much shorter  than given but 
could well be several  hours longer due t o  addi t ional  delays i n  emission 
and plume meander. 
order of magnitu.de although they do indicate  probable zones which may 
require warning before the  plant  emergency plar? i s  completely i n  action. 

The values can be regarded as l i t t l e  more than 
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Maxiriiu rri Par tic1 e Y Found 

P C  - Lac at ion 

Wahluke Slope 1 . 8  
100-B 10 

200 East  15  
200 W e s t  100 

Particles per 1000 Square Fee t  Average uc per Part ic le  
0 

< 0.18 
0 . 1 8  - 0.7 
0 . 7  - 3.5 

.3.5 

1 1 2 

Miles  
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99% > 0 . 0 0 9  p c  
90% > O . O 3 p c  
50% > 0. 18 p c  
10% > 1 . 1  pc 

1% > 4 . 8  p c  
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