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PART I 
J 
t 

h o r n  TI ON 
c- 

peculations on the hazards involved i n  the accidental  dissemination of waete 
: ter ia ls  a t  Hanford Work a r e  required f o r  a l l  foreseeable circumstances includ- 
n& enemy a t t a c k  o r  sabotage. 
f f e c t s  of bombing on waste storage tanks, t h e  regort  hae been held up beyond 
be an t i c ipe t ed  date.  
irst pzrt is concerned only with po ten t i a l  d i s a s t e r  t o  the nuclear reactors .  
ran t he  nature of the process, these  a r e  major waste etorage unite.  

Due t o  delay i n  obtaining data on the po ten t i a l  

It is  therefore being prepared i n  two parts of which t h i s  

s p r a t i o n a  procees waete stored i n  buried tanka or otherwiee w i l l  be c idered 
i t e r .  Preliminary speculatiom on t h i s  topic  have been given already PV, and 
t is not ant ic ipated that much improvement i n  t h i s  phase w i l l  be effected.  

n a l l  cases,  it i s  not expected t h a t  numerical conclusions vi11 be va l id  t o  a 
actor of two, but they should be r e l i a b l e  within a f a c t o r  of 10. This is t h e  
s t i s t e d  eccuracy of the excellent B r i t i s h  reports  of t h e  Plant Location Penel, 
i i ch  have been extensively used i n  t h i s  campilation. 

l i s  report  is a j o in t  e f f o r t  of the s t a f f  of the Health Instrument Divisions. 
I c p r t i c u l s r ,  F.  G .  Tabb is responaible f o r  the calculat ions of f i s s i o n  yield, 
id D r .  H .  A .  Kornberg and D r .  R. F. Foster f o r  the p r inc ipa l  general biological  
id aquatic biological  data, reapectlvely.  

. - Storage of Redioactive Wastes i n  a Henford Nuclear Reactor 

I n  an assumed average operation of 200 days a t  275 MW, a Henford r eac to r  will 
contain 

rste { 584 megacuries of f i s s i o n  products 
220 metric tons of uranium 

200 mejizcuries of neptunium 
2.7 x 10 4 grams of plutonium i roducts 

By logarithmic classes  of  half l i v e s ,  t h e  f i s s i o n  products a re  divided thus: - 
0 - 1 day 1 - 10 days 10 -100 days >lo0 days T3 

sgacuriee f . p .  443 70 - 70 1 

i s e  of f . p a .  (gms) 46 2-74 1408 2442 - 
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he t o t a l  
ram en atomic bamb is sa id  t o  be 2 lbe .  , w i t h  a presumed a c t i v i t y  of 10,000 

of fission producte approximates 9 lbs ;  f i ae lon  product release 

gacuries. 

I 

0 1 

584 398 

e decay of t h e  t o t a l  f i s e l o n  product6 i s  specified by 
', .E. 

2 5 10 24 48 72 120 240 480 720 

339 277 230 176 143 124 105 80 56 43  

&?hi8 I s  campatible with decay lave 

Activity = c a t a n t  f o r  t he  f i r e t  5 hours 
(time 1'. 

he decay of atamic bomb f i s s i o n  products follows 

Act iv i ty  = constant 

(tm )1 .2  

P t e r  a few hours, the release of a l l  the a c t i v i t y  fram the nuclear r eac to r  would 
xeed that from an atamic bmb a t  t he  equivalent t h e .  
imea gree te r  i n  the  present case, because of the higher r e l a t i v e  content of long- 
ived f i s s i o n  products. 

The hazard l e  a t  all 

te i n i t i a l  a c t i v i t y  of c e r t a i n  key f i ea ion  producte i s  

/ 
I i 

Is ot ovc - 
S r  89 

,133 

CB 

,135 

C e  137 
135 

141 
144 

Ce 

Ce 

Megacurl e3 

6.85 
0.09 
6.9 
1.49 
6.45 
6.45 
10.35 
13.6 
0.0001 
0.0008 
11.9 
0.0008 
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2.  C ircumstancee Producin& Uncontrolled Releaee 

These have been diacuesed la the  A.E.C. Reactor Safeguard Conrmittee report  
"Review of Certain Henford. Opsratiom"(2). The m a c t i v l t y  of the Hanford 
r eac to r s  i s  adequately controlled under a l l  foreseeable condition8 except 
t he  follaning: 

1. 

2. 

3. 

Planned e h u t d m  vithout addi t ion of poison 

After  the decay of t he  natural poison Xe135, the  unit could becane re- 
a c t i v e .  

LOSE of water in o m  tube * 
If accampanled by failure of the Bafety devices, t h e  metal i n  the d f e c t -  
ed tube would m e l t  and be ejected w i t h  em accompanying minor steam axplo- 
sion. 
would be a serious local problam. 
access for addi t ion of poieonmlght be denied, If the final dieposit ion 
of the a c t l v l t y  prohibited the rapid dumping of shielding m t e r l a l  upon 
it. A n  explosive run-&way 1s n o t  vleuslizod in such a case. 

It a11 be assumed that 8UCh an o p e r a t a  error  I s  inconceivable. 

The rrvsnagement of the  ejected 0.45 megacurlee of f i e e l m  products 
If the  r eac to r  were then 8hut down, 

Tota l  1 0 ~ s  of water 

The loss of cooling water Increases the r e a c t i v i t y  of t h e  unit by about 
850 in-hours, which can be held by the v e r t i c a l  s a fe ty  r o b  (1700 ln- 
houro) or in emergency by the t h i r d  s a f e t y  device (1800 in-hours). 
uncontrolled condition requires the concurrent failure of both sa fe ty  
mechanisms. 

( a )  Earthquake 

A n  

This i s  visualized t o  be poeelble under three circumetances: - 

There is no h i s to ry  of earthquakes i n  t h i s  region of su f f i c i en t  In- 
t e n s i t y  t o  disrupt  the water supply t o  the reactore and t o  damage the 
eafety mechanisms. Nevertheless, t he re  a r e  records both in the west- 
ern slopes of the  Cascade Mountains and i n  Montana, of e a r t h  move- 
menta not e i p i f i c a n t l y  below t h a t  required t o  produce auch damage. 
The r e l a t i v e l y  short recorded h i s to ry  of t he  Pacif ic  Northwest c a s t s  
legi t imate  doubt on the  permanent s t a b i l i t y  of t h e  unlts against  
eerthquake. 
could be affected simultaneously. 
developed in t h i s  report .  

This I s  the  one pleusible case In which a l l  t h e  reactors  
Thla extreme case hae not been 

(b) Eneny bcnbinq 
The Divleion of Bioi-y and Medicine report6 information fram the 
National Mlitary Eatablisbment t o  t he  e f f e c t  that although t h e  re- 
ac to r s  a r e  considered r e l a t i v e l y  invulnerable t o  bamblng at tack,  the 
s l a b  c m t r u c t i o n  of the main shield leaves e m s  poee lb i l l t y  of d l e -  
ruption of t h e  shield.  
denolleh t h e  vulnerable sa fe ty  mechanlame, and damage the water 
aupply. Advance warning of a few seconds only would pennit sa fe ty  
t o  be assured by insertion of a l l  rods. 
with disruption of the  unit ehauld not lead t o  a nulawny c a d i t i o n .  

Evidently an enemy a t t a c k  could, by chance, 

Subsequent bcnnbing, even 

-. --_ -- ' Tho PI2 r o p o d e  adequztely diecuae tho CRBO In which tho ejected m o t s 1  fran 
,one tube burns. . .  - ._ 
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Bcmbing should hold a law p r i o r i t y  In the  foreeeeable hezard pattern. 

( c )  Sabotage 
Sabotage by M eaeqy agent o r  by an unbaknced pereon i n t r i n s i c a l l y  
loyal t o  t he  United S t a t e s  appeara t o  be t he  outatanding po ten t i a l  
hnzerd. 
vould be negligible.  There le no p o h t  in elaborating here on the 
feas ib le  e a b o t q e  methods. 

With two or more pereons in colhelon, t he  r l e k  of detection 

The general  picture  la that of rupture of t h e  water mpply, together with 
lateral  motion of the reactor  sufficient t o  cloee the thlnbles t o  the vertical 
rode. 
or t h e  piping t o  t h e  thimbles would be broken. 
safety nechaaim is an alternate to the l a t e r a l  motion. 

The f l u i d  of the third s a f e t y  device would fall t o  enter t h e  thlmblee, 
Dellberete tampering Kith t h e  



\ 

. .  

1. The Uncontrolled Nuclear Reactor 

The appraxlmately 6 cubic meters of water i n  t h e  p i l e  can be raised t o  the  
boiling point in about 7 seconQ a t  normal operating power. 
cOntr8l tube8 would bo i l  in about 3-4 eecand.8. 
r eac to r  lncreaeee rapidly; the exceso r e a c t i v i t y  above c r i t i c a l  l e  ea lh  to 
be Ke = 0.025 without water. On elementary r eac to r  theory, the power in -  
cresee s f b r  l o s e  af water l e  

The water i n  
The power loPel of t h e  

Pmer a f t e r  t seca 20g,t : o 
Steady paver 

The 250 tone of uranium i n  the  etructure  l e  boiled by about 1Clkale .  
i n t eg ra t l an ,  t h i e  vi11 occur in 13 eece. The actus1 couree of evente l e  
the boiling of the cen t r a l  uranium in a f r a c t i o n  of t h i e  t i m e ,  vith poealbly 
the termination of the reaction. 
rapid that there can be no eubs t i t u t e  control .  The res1 r a t e  may be affected 
by the unknown temperature coeff ic ient ,  re lease of s tored energy from the 
graphite,  releaee of Itel35 ae t h e  uranium melte. 

By 

In any caee, the sequence of events is BO 

To determine the environmenfal hazard, we take two eimplifled plcturee.  

( a )  the  2 x 1 0 U c a l .  erploeion 

baaie: a l l  t he  uranlum Just bol l s  : 1.16 I l G % a l .  
an equal amount of heat goes i n t o  the graphite,  aluminum and 
other parts. 

or: 8- of the etared energy of graphlta (calculated ae 
2.6 x l b l k a l .  a t  the preeent time) I s  released, thus 
terminating the nuclear r eac t ion  a t  a laver integrated 
f l u .  

baeis: t h e  Reactor Safeguard C d t t e e  e t a t e e  t h a t  “it does not 
eeem possible f o r  the m s t a l  tempereture much t o  exceed 
10,0000 C at tho time when the course of the accident i t e e l f  
dierupts the chain reaction. Thie temperature w i l l  be 
reached i n  a power buret of about 7 . 3  x 107 KW eeconds” . 
Th16 is equivalent t o  1.8 x lGO c a l . ,  which l e  l neu f f l c l en t  
t o  boil the urnnium. 
the  puwer burst  required t o  raiee the central 
of an u n f l a t t e n d  p i l e  t o  about 10,OOOo C .  
very d i f f e ren t  phyeical conatante have been used f o r  the 
m e t a l .  This report  u ~ e s :  - 

Preeumably t he  glvon f i m e  refera t o  
bemperature 

Alternatlvely,  

Specif ic  heat of uranium = 0.028 cal/gm a t  any temp. 
Melting point = ~ 5 0 0  c 
Heat of fusion = 13 cel/gm 
Boiling point : 39000 C 
Heat of vaporization = 391 cal/gm 

- -6- 
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~ - 4 a i ~  of the 2 x 10 ca lo r i e  exploaian 

primary Effect  
X U  the uranium boiler and approximately 1.5 x 10l1 ca l .  goes i n t o  the hot 
gas bubble. This l e  equivalent energet ical ly  t o  an explosion of 150 tms 
of high exploeive. The nuclear reactor  w i l l  be explosively shattered, al- 
though t h i s  l e  probably minimized by t h e  heavy ahlelding. More probably 
the  hot  gaaee will be eJected violent ly  fran each of the reactor  tubes.  In  
e i t h e r  case we Bhallabendon the phyaicalmodel and proceed t o  calculate  
the behavior.  of t he  @e cloud ae If I t  a regular high explosive de- vr tonation, folloving O.C. S u t t m ’ e  method 

Behavior of the @e cloud 
The instantaneously genereted heat in the cloud l e  about 1.5 x 10” cal. 
The i n l t l a l  temperature l e  probably 4000° t o  8000° K.* 
Frcfn m = R T  
the  volume V after the  Ini t ia l  rapid expanelan t o  atmospheric preerure I s  

6 V 8.3 x lo7 x 150 x 10 x (4 or  8)x lo3 cm3 = 2 or 4 x 10l2 cm. 
25 x 106 

The In i t i a l  radius = 80 t o  100 metere 

Note tha t  the mean molecular weight of the exploeion game l a  taken aa 25 
for the normal productfi of erploaicm, and bears no r e l a t l o n  t o  much higher 
value I n  the real model.  

The velocity of aecent from the or ig ina l  poeit ion a f t e r  expansion I s  given by 

? =  1.5 8 Q 

. .  a ?  = 

Ta Cp f 3/2 c2  zm 

2 
velocity of aecont 
accelerat ion due t o  g rav i ty  = 3.8 metere/eec 
temperature of surraundlng a i r  = t u  300’ K 
epocific heat of game produced = w 1/3 
mean denelty of a i r  over the range = *lo00 &uete?? 
generalized diff’uaian coe f f i c i en t  : 

,- 0.2 (rneter)l/B o r  leea.  
index of turbulence 1.75 
height i n  meters above or l@nal  expansion locat ion 
r a r 2 x 1 0  7 
--pF 

- 
* Sutton’e formal calculat ion vi11 alwaye give 3WOo C &e the temperature. 
We take a higher value because 3000’ C would not s t a r t  a cloud of uranium 
gas 

n 
-7- 
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- - -  Height above 

- 1100 23 
b 2100 12 

me average Kind speed i n  the Hanford region i s  

7 
9 
11 

a camparable with 
j e c t  cloud riees t o  
n uncertainty 
function of Z .  

1 c (0.17 - 0.042 loglo Z )  (meter) /8 

Perhape an average value of C between Z = 0 and Z = 4000 i s  applicable.  
Thie would send t h e  cloud higher, and u e  take the  conservative low value. 

Activi ty  in the cloud 
The cloud containe M = 584 megacuriee of f l s e i o n  producte. It moves 
horizontal ly  with velocity 9 meters/sec. 
bulence, the msxlmum concentration e t  the ground is 

Under average conhitions of t u r -  

0.073M curie/meter3, where r meters is the  distance frcm t h e  
0 

cloud center  t o  ground. 

Over l eve l  terrain, max.conc. f . p .  = 1.6 p c / l i t e r  

= 0.5 p c / l i t e r  max-conc. 
max.conc. U = 0.6 $liter 

. simihrly max.conc. Pu = 7 x 10-5 p d l i t e r  

NP 

These concentratione occur a t  a tine, t seca. after t h e  explosion ( s t r i c t l y  
a f t e r  t h e  ascent) given by 

where U = horizontal  wind velocity (rneter/eec) 
If c = 0.2 (ground v a l u e ) ,  t = 5200 sec. : r~ 1 3 h r e .  

If C = 0.02 (at  3000 meters), t = 73,000 BBC. -20 hre. 

The probable value l e  about 5 h r s .  

-8- 
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: The corresponb?ng distance from the reactor  l a  ,lo0 miles. 
Additionally, the a c t i v i t y  a f t e r  5 hrs .  has decayed to approximstely 
one half the l n l t l a l  value. 
As a man stands a t  a point 100 miles from the reactor,  t h e  cloud aub- 
a t a n t i a l l y  contributes i t a  a c t l v i t g  t o  h h  In  11 mlnutea." The time 
v a r i a t i m  of concentration at  the  ground l e  shown i n  Figure I. 

&k 
If  t h e  average energy of the  f iss ian,products  i a  1.7 MEV, the Integrated W dose (negbc t ing  s c a t t e r )  i s :  

P' 
'". 

310 ( p c l l i t e r )  0ec. x 1.7 rep = 0.075 rep  
-- 2 x 3600 sec. 
I .  - 
5- The var ia t ion of a c t i v i t y  outwards f rm  the center of t h e  moving cloud a t  t h i s  
E-. time i s  

k. 
-. 

$ 
0 1000 2000 3000 4000 Radius (meters) 

concentration @ / l i t e r )  2 . 9  2.5 1 . 3  0.6 0.2 .- 
The germna-ray ccmrponent c a e s  fran a range of ry 300 metera whlch Includes 
zones of higher ConcentratIan than a t  the ground. "hie I s  a -11 f ac to r ,  
and we can write 

Dose = 0.1 rep 

The width of the cloud i n  Sut ton 's  arbitrary de f in i t i on  l e  terminated a t  
pointe where the a c t i v i t y  is  one-tenth of the c e n t r a l  ac t iv i ty .  
j e c t  cloud has a width of 7500 meters a t  100 m i l e s  frcm tho reector .  It 
w i l l  be noted t h a t  si j iniflcant concentrations can occur a t  points well  
beyond the c o n v e n t i m l  bounherlee of a radioactive cloud. 
CCBB, the  effect ive wldth a t  100 miles w l l l  be grea t ly  affected by wind 
shear.  We  hell elaborate the  e f f ec t  of meteorological varlablaa f o r  8 

much more dangerous cloud l a t e r .  

The sub- 

Also ,  In  a rea l  

Inhalation Figure0 

Assume 17 l i ters /min with 5% re tent ion 

Fission producte - deposit  45 p c  - i n i t i a l  dose-rate 40 mrep/day. 

no e ign i f l can t  hazerd If mterial is absorbed 
from lung. 

Plutonium - deposit 4 x 10-3 p - no hazard. 

Neptunium - depoeit 40 pc - i n i t i a l  d u e - r a t e  20 mrep/day. 
formetion of Pu insignif icant .  

/' uranium - depoeit 40 pg - innocuous. 

* Neglected thraughout 18 the normelly loner uind speed near t h e  ground; 
exposure time could be about twice the calculated value. 
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t i o n  r i aee  away fran the reactor ,  e more s ign i f i can t  hazard 
d a t  them intennediate distances.  I n  Hanf'ord t e r r a i n  t h i a  
f o r  the present high cloud. For reference, the c e n t r a l  

f ieelon proauct concentration l e  given as a function of distance,  together 
d t h  the width Oi the  cloud, f r a n  which the concentration a t  any dietance and 
any elevation above the  b e e  line can be estimated. 

Fir& order width = 
Second order width = 

width t o  polnts of 1/10 c e n t r a l  a c t i v i t y .  
width t o  points of 1 2 c e n t r a l  a c t i v i t y ,  e t c .  / l o  

Example: A man on Rattlesnake Mountain is &lo00 meters abow the  
base-line of the reactor  = 2000 meters below the  d r i f t -  
line of the cloud, and 14 miles away. 
The central. concentratIan is 750 p c / l i t e r ,  and the subdect 
point 1s beyond t h e  four th  order eemi-width ( a 1250 meters 
below d r i f t - U n e )  The concentratIan is below 0.075 ,pc/ l i ter .  

The f a l l - o u t  of pa r t i c l ee  under g rav i ty  Kill be inconsequential v i t h  an initla: 
high cloud. 
microns w i l l  f a l l  only 70 meters i n  the p o a t u b t e d  100 miles horizontal  t r a v e l  

For example: a p a r t i c l e  of spec i f i c  gravi ty  5 and diameter 6 

I n  t h e  Hanford area,  a r a i n  or iginat ing above 3000 meters l a  so exceptional 
t h a t  one can dieregard the  r i s k  of rain-out of a c t i v i t y  within aay 40 miles 
of t h e  Plant.  If rain-out d i d  occur, it could be a po ten t i a l  major hazard. 
Sutton eatimatea fram Leiceeter  deta that one-eight of the soot cantant of 
a cloud can be washed out by r a i n .  We invoke two addi t ional  factore:-  

(1) Typical B r i t i s h  r a i n  I s  obrioualy a more formidable scrubbing agent 

( 2 )  The B r i t i s h  rigure i s  probably weighted by removal of the heavier 
particles. 
on very amall p a r t i c l e s ,  for which scrubber eff ic iency is low. 

than the Emford variety.  

Moat of the  f i ee lon  product a c t i v i t y  w i l l  be concentrated __ 
-10- 



EN' - 14 058 - 1 $?!?I .v- pyJFIFZ3 o w  . L 
-11 - 

ebll aeeume a mar- rein-out of 5%. Initially, a deposition of 

6 - 1000 curiee/aq.neter 0.05 I 584 x i o  
7r (%)I2 

8 feasible. 
t 40 milee it i s  c-.' 6 curiee/sq.meter. 
om-rate  of the order of 100 r/hr. 

ocatione up t o  100 miles or  more from the  reactor.  

A t  10 m i l e a ,  the maxlmum deposition le ~ 3 0  curies/eq.moter; 
Such a deposit @vee a r ad ia t ion  

A l s o  deposited would be 400,q Pu/aq.meter. 
conclude that  a rain-out could produce Intolerable conditione a t  sporadic 

&A 10 ais of the 2 x 10 ca lo r i e  explosion 

Primary Effect 
Ccmputed f o r  a f l a t t ened  Hanford reactor ,  and thie time aeeuming all the  heet  
goes i n t o  uranium heating, the d i s t r i b u t i o n  in a r b i t r a r y  classee w i l l  be:-  

5 c e n t r a l  tona b o l l  
f-l% 55 tone a t  the boi&lng point 

g; - 40 tona a t  ~ 3 7 0 0 ~  C 
f? 40 tons a t  N 2500 C 
_ .  55 tone j u s t  m e l t  

_ _  5 55 tons j u s t  feil t o  melt 
.- 

Behavior of the cloud 

9 Heat i n  cloud = Y 3 x 10 ca lo r i e s  
' Eetimated tempereture = 4000° C - Expanded radius - 20 metere 

Velocity of ascent - 13 meter/eec a t  200 meters - 
= 3 . 3  meter/sec a t  1000 meters 

Cloud rises t o  0 8 0 0  meters. 

Activi ty  i n  t h e  cloud 
The cloud contains 
uranium, 6 megacuries of Np, and 800 gms of plutonium. Under average con- 
di t ione of turbulence, the maximum concentration a t  t he  ground le w3 
f . p . / l i t e r  or 1.8 p c / l i t e r ,  corrected f o r  decay. The cloud moves horizon- 
t c l l y  with veloci ty  w 4 meterleec, and touches the ground at times between 
40 minutes and 5 hours, depending on the  assumed average value of the d i f f -  
usion coe f f i c i en t  C .  The time 
of maximum concentration et the ground Is then 1* hours a f t e r  t he  aecent,  
and the  dlstance l e  1 3  miles. 
t r a t l o n  a t  t h i s  point.  
the  est-ted doae = 0.25 rep. 

ry 20 megacuries of f i s s i o n  product8, 4.5 metric t o m  of 

A reaeonable value is C - 0.1 (meter)l/8 . 
Figure 2 ehowe the time var ia t ion of CoACen- 

The i n t e p a t e d  exposure l e  550 ()ic/l i ter)eec.  , and 

-11 - 
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~ieeion products - deposit 80fc  - idti81 dose-rate 70 mrep/ky 
no s i p l f l c a n t  hazard ant ic lpated 

-3  - deposit 3 x 10 lug 

- depoeit 40 p c  

- deposit  20 P . 
e r a t i o  of these depoeite d i f f e r s  fran the  previous caae f o r  two reaaona: 

(1) d i f f e r e n t  relative concentration i n  the c e n t r a l  reactor  tube6 
(2)  d i f f e ren t  decay time of f i e e i o n  products. 

r gW?Tal iAtereet, the e t ruc tu re  of an instantaneously generated cloud 
e been calculated w i t h  the  following aeeumption~: 

Height of center  line 000 meters 
Velocity = 4 meter/eec. 

L c. C X  (downwind) = Cy (croeswlnd) = 0.2 (meter)'/B 
: cy ( v e r t i c a l )  : 0.12 {neter)% 

Total  a c t i v i t y ,  Q = 1 cur i e  
Concentration, x i n  p c / l l t e r .  

a:. 

'5 

time, t In eece. 

The curvee of equal a c t i v i t y  are,of  couree, true e l l i p see  In t h e  vertlc 
plane and circles  i n  the horizontal  plane. (Figure 3). 

Mountainous Terrain 
I n  this case, persona on e i t h e r  Rattlesnake Mountain (14 miles) or  on Saddle 
Mountain (9 miles) could i n t e r s e c t  the a x l e  of the cloud. 
tine i s  4000 eec. Q 20 x lo6 x 0.65 {for decsy) = 13 x 106 curies,  

A representat ive 

X - 13 x lo6 x 3 . 7 ~  1 0 - 7 p c / l i t e r  = 5 , u c / l i t e r .  - 
The integrated exposure is 
Appreciable conternination of the mountain slopes would occur. The pecu l i a r  
elr currents over such ridges d i e t o r t  t h e  polluted air atream, and cantamin- 
e t ion  could occur on the  far slopes.  

2000 ( p c / l i t e r )  sec. 

b i n - o u t  
The n a l n a l  maximum deposition i s  nJ 800 curiee/sq. meter. 
- 

The value fall8 
t o  IV 1 curie/sq. meter over t he  upper Wahluke Slope (5 milee) .  

Release of Act ivi ty  fran re s idua l  molten metal 10 The "Junior a t an  bcxnb" cloud eo far pictured i n  t h e  2 x 10 ca lo r i e  exploel 
i s  t he  minor hazard canponent. 
aeeumed not t o  be sucked up ae t h e  capa l l  hot bubble aecende. 

Left a t  t h e  s i t e  is a mB88 of molten U d U m  

-12- 



boi l ing  points of the f i e e l o n  products are:  

2500 
> 2900 

I 

I Element 1 B.P. OC 11: Element 

Cb 
Mo 

Ru 
Rh 
Sb 
Te 
I 

43 

7 

3 300 
3700 > 2500 

> 2700 ( v o ~ . ? )  
7 2500 

1380 
1390 
184 . 

Xe 
Cs 
Ba 
La 
Ce 
Pr 
Nd 
61 

0 
B. P. C 

gas 
670 

1140 
18CO 
1400 

7 1000 
7 goo 
7 1000 'I 

440 megacuries of f i s s ion  products w i l l  evaporate f run  now calculate  t h a t  
e a r b i t r a r y  meta l  classes  above. This l n l t i a t e e  a cloud whose i n i t i a l  
i gh t  10  canparable with that of amoke fram a hot fire. A t  hieta.?.?ces not 

reactor ,  the height w i l l  be inconeequential. Consider an o close t o  
erage case E 7  
where C = 0.2, m = 1.75, wind velo.  U = 5 meter/eec 

2.62 x y  1-75 
x + / l i t e r )  = 11 2 x 4.4 x 10 

7Tx 0.008 x ( 5 t )  0.04 x (st) 

where 2 i s  a ground r e f l e c t i a n  factor ,  and other tenns a r e  obvious. 
x 120 p c / l i t e r  a t  11 miles ( 1 hr) 

= 8 0 p / l i t e r ,  corrected f o r  decay 

Integrated dose os cloud psses  = /v ,4 req 

During an inversion (Sutton's bad czse) assume C = 0.1, m = 1.5, and 
u = 3 meter/sec. 

x = h/ 3 x 104 p c / l i t e r  a t  11 miles 

Integrated dose = r~ 1200 reE 

Whereae Sutton's equatiom a r e  well hm t o  give r e l i a b l e  r eeu l t s  f o r  t he  
average or  zero-lapse r a t e  case,  there l e  reason t o  doubt the a p p l i c a b i l i t y  
to the marked inversion or bad case,  i n  which the constants a r e  r a the r  dubious- 
l y  r e l a t ed  t o  physical r e a l i t y ,  and w i n d  shear I s  neglected. 
a r b i t r e r y  model as a l t e r n a t e .  

We choose an 

Assume t h e  i n i t i a l  cloud has the dLmenelone of t he  reactor.  
.' Concentration = 2.5 x 10 8 P c / l i t e r .  

/ 
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1. p.E.  Church'B (5)E&nford meteorological data shows d i lu t ion  during 

4 
inversion 10 a t  1.2 miles .  

.*. Conc. : 2.5 x 10 4 P c l l i t e r  - 
. s u t t o n ' s  data shows d i lu t ion  = 20 between 1 . 2  and 11 m.Ile6 f o r  t h e  bad case. 

. I .  x = 1.25 x 1 0 3 p c / i i t e r  a t  11 miles. 
= 750 p c / l i t e r ,  corrected f o r  decay. 

Integrated dose = /L 60 rep. (cloud s i ze  i s  d i f f e ren t  now) 

Let us weight these two cases, and m i t e  

Integrated dose i n  inversion tu 400 rep  a t  11 miles i t  - 
This approximates the human le thal  dose, and in view of the uncertaint ies  
In such calculat ions,  it f u l v  eubetantiates the conclusion of the Reactor 
Safeguard Canrmittee t h a t  the whole Wahluke Slope (radius -10 miles around 
the reactors)  16  unsuited f o r  s e t t l anen t .  

This i e  done on the basis  of the e x t e r n 1  r ed ia t ion  alone. 
worse i s  the  inhaletion hazerd. 
mil l icur ies!  
rep Der day, 
tens of thousends of rep.  
up t o  50 o r  100 miles, and a h o s t  c e r t a i n l y  demrii-q i n  t h i s  renge. 

Presumably f e r  

The corresponding i n i t i a l  lung dose-rate i s  a few t h o u s a d  
The highly speculative integrated dose i n  one month 1s a few 

Such a cloud is concelvzbly l e t h a l  a t  distances 

The conputed deposition is -100 - 200 

Deposition of ac t ive  mater ia l  f r a  an ac t ive  cloud contiguous wlth ground 

With the  l imited l i b r a r y  f a c i l i t l e s  a t  t h i s  s i t e ,  w e  were unable t o  develop 
theo re t i ca l  data on the f eae ib l e  deposit ion an the  ground as a cloud of p a r t i c -  
u l a t e  matter sweeps over it. 

We r e s o r t  t o  three "wild" methods from the Henford experience, together w i t h  
Indus t r i a l  pollution data. 

- (1) Eaission of long-lived f i s s i o n  products 
For the first th ree  years of operation a t  Hanford Worke, t he  concen- 
t r a t i o n  of f i e s i o n  products (excluding 
a Separations plant  vas u 
concentration a t  a point  6 miles away cennot exceed lO-I3 t o  10-l2 
p i l i t e r  a t  ground level .  
Church and Sutton on t h i s .  
wind i n  one d l rec t ion  continuously. 

e,  Kr and I)  i n  the s tack of 
to lo-? p c / l i t e r .  Feasible average 

There ie agreement between the  data of 
It aaeumes a usually 'bad' case,  and t h e  

Take 
The vegetation contamination at t h i s  tLms and place wae 

10-13~pclliter ae  the  representative concentration. 

H 0.01 pc/kg. excluding I) .  The vegetative cover 
. approximatee 2 kg aq.meter. The prac t i ca l  deposition r a t e  D - 

* This would agree with a Sutton ca l cu la t ion  f o r  i n i t i a l  cloud height 15 

I e f l ec t lon  f a c t o r  



f o r  cloud concentration 

1 p c / l i t e r  10~3 x 0.01 x 2 r c / aq . se t e r /~ . expoeure .  

3 I 365 x 24 

6 
. * .  D = 7 x 10 )~c/eq.meter/hr. 

Thie agrees wlth the calculat ion a t  2 milee. 

131 
(2) b i s s i o n  of I 4 

By similar methode, D = rv 10 pc/eq.meter/hr a t  6 milee 
6 '  

and D 8 10 pc/sq.meter/hr a t  30 milee. 

assuming that the observer who samplee t he  vegetation e f f ec t ive ly  
looks a t  the average deposition wlthin the &st two weeks1 ae a r e s u l t  
of radloactive decay. 

13) E$lieeion of d i sc re t e  ac t ive  pa r t i c l e s  
Bere the  calculat ion hinges on e c m - t  of the number of radioactive 
p a r t i c l e a  per l i t e r  of air, and the number depoaited per u n i t  area 
of a horizontal  catching frame i n  the same time, both observations 
being by radloautofraphy. 
s tack = n/ 10 psrticlee/aqJneter/hr per unit concentration. 

I n  a t m i c e l  caae, ebout 2 miles frcm the 

(4) Atmospheric Pol lut ion 
I n  measurements i n  Nev York Ci ty ,  the average duet concentration i n  
the air uas 1.7 %/lo c.meter, end t h e  deposition r a t e  uasw50 tons per  
sq.mile/month. 

Hence D 1.2 x lo5 p/sq.meter /hr  for 1 ? & / l i t e r  
The concentration 1.7 %/lo c.meter l e  known t o  correepond with 
0.3 mll l ion pe r t i c l ee  per c .  f e e t ,  
in many p r i n c i p l  c i t i e s  is 0.2 t o  10 mil l ion pa r t i c l e s  per c .  f t .  
i n  short  time earnplea. The reported depoei t lon  r e t e  ( h n g e r  t e r n  
eemples) range0 from 25 t o  1% tane/eq. mile/month, (Washingtan, 
D.C., and S t .  Louie, Mlssocal, raepec t lve ly) .  
conpatible with the  value D 

We shall aesume that D 
t r a t i o n  of 1 n c / l l t e r .  
as Lerge as 100. 
r e e u l t s  f o r  a f i n e  aerosol on vegetation, iodine vapor on vegetation, 
radioactive p a r t i c l e s  on prepared surfaces, and for n o m 1  Indus t r i a l  
pollution a r e  aurprieingly caneis tent .  

Typical depositions will be 

The range of concentration 

Theee ranges a r e  
105, 

: 4 lo5 pc/sq.meter/hr f o r  cloud concen- 
This f igure may be in error by a f a c t o r  

On the whole, the agreement between the quoted 

(a )  f r a n  the  2 x 10l1 c a l o r i e  exploeion cloud w104 pc/sq.meter at 
100 miles 

- 
-15- 
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10 4 ii (b) frca t h e  2 x 1 0  ca lo r i e  explosion high cloud d 10 pc  per 
1 sq.meter a t  1 3  a l e e  
L 

s ( c )  fran t h e  2 I 10 ca lo r i e  explosion law cloud A,' 50 cur i e s  10 

per  aq.meter a t  11 miles 
r 
1 
t Fate of t h e  molten metal 
L 

The r e s idua l  
Sune wri t e r s  have visualized such material running down t o  the r i v e r ,  and pro- 
ducing groee contaminatim. 

most of It will be trapped in t h e  p i t s  around t he  u n i t ,  even if theee ore fill- 
ed with d i s c r e t e  piece8 of t h o  s t ruc tu ro  after t he  exploeion. We shal l  consld- 
o r  t he  naive model of the  molten metal cascading frcm m e  face of the  roactor 
a t  an average temperature of 2800' E .  
~ l d o  12 meters, end we assume a cmparablo area maintained. By Stefan'e L a w ,  
the r a t e  of r ad ia t ive  cooling I s :  

tons of uranium now contains 51 megocurlee of f l e s i o n  products. 

This appeare moat unlikely. If it le eJected 1 v io len t ly  it w i l l  have large surface area.  If it cascadoe frcm the r eac to r  

The I n i t i a l  area w i l l  be a squaro of 

The eetlmated cooling time is IW 3 - 5 minutos, In su f f i c i en t  t o  permlt 
e i ~ i f l c a n t  t r a v e l  of t h e  f luid.+ The cooled metal presente a l o c a l  hazard, 
but the contained flsslm products can escape only by surface oxidation 
and woethering. This can be controlled.  

. Accidonts 1eadir.R t o  dieruption of a reactor acccrnpanied by f i r o .  

I n  any accident which leade t o  expoewe  of molten metal t o  t h o  atmosphere, 
It i s  bclioved probable that t h o  metal would ignito. Cons idor  thc  case I n  
which t h c  roactor  l e  l a i d  open by the PrFmary ovont, and t he  250 tana of 
uranium and 2200 tons of graphite burn. The r a t e  of cambustion w i l l  be eo 
much a function of t he  local condition3 that the ccmbuetlon time cannot be 
c a p u t c d .  
and tho i n i t i a l  tamperoture i s  28OO0, t h o  c a n h e t i o n  tine i s  ~ ~ 4 0 0 0  8 0 ~ 6 .  
is roasoneblo t o  a ~ ~ ~ m e  t h a t  tho postulated f i r o  will burn uniformly f o r  at 
l o a s t  two hcurs. Tho maxlmum environmental hazard vi11 then bo inhopondent of 
tho a c t u a l  t imD of canbustion, and can bo computed f rm Sutton'e oquetlons f o r  
diffusion of Bmoko f r a n  a cmtinuous point source. 

If tho graphite l e  i n i t i a l l y  diepereed i n t o  p r t i c l o s  of d i e .  1 cm, 
It 

~ p c r i m c n t a l l y ,  molten mota1 (morcum) fhwe- \ t ava rd  t h o  r i v e r  a t  30 ft./min. - 
In n lnyor of canpamblo thicknosa. - 

-16- 
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whoro X ground concontratien a t  dlstanco X mctors 
4 Q = omieeion =to = 8 x 10 curioe/scc (for 2 hours) 

Cy, Cz, m,as usod bofore 

u : wind veloci ty  = 4.5 motor/soc. 

z = hoight of BOUTCO Q ~ O V O  ground (motora) 

Thc cppropriato m h o  of 2 l e  unknown, probably of the crdor of 1OC metors, 

If z < 50 notors, X w i l l  d i f f o r  fran tho mluo for z = 0 by lcse 
thcrt 1C$ f o r  X 

In tho hnzard at great  dls tcnccs ,  wo a h a l l  toke 
> 4000 motcrs. As wo or0 pr-rily intcrcat2d 

z = 0. 

Atmoqhcric S t a b i l i t y  

Avcragc cas0 Bad cas0 - 
'18 
'/8 

cy = 0.2 (motor) l /S  0.15 (motor) 

c z  0.12 (motcr)'/8 0.10 (nctcr)  

m 3 1.75 1 .5  

Cholco of Kind epccd 

X l t h m q h  we c n l c u b t o  formally f o r  z = 0 ,  wo p i c t w  z as 100 motore. 

Tho Kind spoods a t  7 f o o t  nnd 200 f o o t  abovo ground arc t a b u h t o d  

-17 - 



1 

1 

a t  7 - f t .  Level 

Wind Speed Class Intervale  (mph) at 200-ft. L e v e l  

- ‘ 0 - 3 4 - 9  10-14 15-19 20-24 25-29 30-39 40 o r  > > L 

$‘Quartor 27 32 2 1  11 8 3 2 L 

LQusrter 25 - 36 18 10 

2 2 $a: 
d quarter 8 4 1  23 15 8 3 1 
4 Quarter 11 42 21 14 6 4 1 

bual Mean 18 38 21  1 3  

e 
d 

5 

L 
L 

2 L 7 3 
-- 

These wind speeds a re  averaged over period3 of one hour, and apply wel l  
t o  t he  present case. A wind speed of 1C mph ( = 4.5 meter/sec) I s  a 
reasonable average f o r  t he  estimeted height of the source. X i s  inversely 
proportional t o  U ,  s o  t h a t  the most coneervatlve case (say rmph wind) can 
be camputed by multiplying the given values of - X by 5. 

C cncentretlon of f i s s i o n  products (uncorrected f o r  decay) 

19 30 60 

7 3 0.8 

Distance (miles) I 3 ,  6 , 12 

cr ’.Kr 2080 750 270 

Conc. Aver!wo caee 160 48 1 4  

64 16 3 

40 16 

. 

144 
l i t e r  1 :  60 ’ 80 ’ 80 

F i r s t  order width of cloud jme te re l  
Y 

> 

19 30 60 Distance (miles) 3 6 12 
Averago case 1070 1970 3600 5150 8000 15,000 
Bad case 1 280 47 o 1 BOO 1 1080 \ 1600 I 2,700 

L 
-18- 
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: * Integrated external  dose 

Assume an average avai lable  energy of 1 . 7  MEV per dis integrat ion 
(chosen t o  agree with the Reactor Safeguard Committee’s power 
ca l cu la t ion  of doee). 
without s c e t t e r  correctIan is: - 

t 

1. The integrated dose ccmputed f o r  a hemiephere 

Integrated DOEe i n  r ep  

Distance (miles) I 3 

11 0 Average cam 135 
1780 

Bad, 2 = 100 1 

decay’ Bad, 2 = 0 

Decey Average caee 110 

u =4.5 Bad, Z = 0 1470 a t  

d s e c  Bad, 2 = 100 1 i 

Value8 f o r  no decay a r e  11 
speeds other thzn 10 mph. 

6 12 ‘ 19 1 30 60 

40 12 6 2 . 5  0.7 

640 230 125 55 15 
50 70 70 35 15 

30 8 3.5 1 .4  0.3 

460 150 75 30 7 

45 40 20 7 35 , 

:luded t o  f a c i l i t e t e  recelculet ion f o r  wind 
For speed x n i l e 6  per hour, 

integrated doee = PL. 10 (appropriate value i n  t a b l e )  x (decay factor! 
X 

This cloud gives l e t h a l  doses up t o  
i s  no i n i t i a l  r i s e ,  and gives  troublesane doses up t o  ebout 50 miles. 

# 6 miles  i n  the  bad case i f  there 

Inhalat ion f i p p r e e  - 

The retained amounts i n  t h e  lung (5odp r e t en t ion )  are:  

Distance (miles) 3 

- Bad, Z = 100 1 

r a t e  Bad, 2 = 100 45 

Depcs i t Average 130 
(mc 1 Bcd, 2 = 0 1,760 

I n i t l a  ‘ rabe 6,800 
a03e- Bcd, 2 = 0 90, 00 

reD/dey 

To tz l  

f i r s t  L d ,  2 = 0 700,000 
month Bad, 2 = 100 . 350 

dose Average 52 , ooo 

0 
-1g- 

60 
0.4 
8 
8 

T 
400 
4 00 

150 
3,000 
3,000 



$ '  The crude t o t a l  dose ca lcu la t ion  aasumes e rapid eliminetlon of a f u r t h e r  
25% of t he  Inhaled amount, with radioact ive decay of the  res t .  Neglected 

; are such f ec to r s  as the  f a i l u r e  t o  r e t a i n  gas ( e . g . ,  Xe, K r ) ,  and t h e  
' rap10 tranzmlesion of same redioisotopes through the lung wall .  For t h e  

bad case,  plutonium deposit ion i n  the lung i s  35, 12,  7 ,  3, 0 . 7 ~  a t  
. .  6, 12,  19, 30 and 60 milee, respect ively.  This w l l l  ul t imate ly  be barnag- 
. lng a t  N 30 miles. Neptunlum deposi t ion I s  a p p r o x h t e l y  one t h i r d  that 

f o r  f i s s i o n  products. 

DepO8ltlOn on the  ground 

I f  D = 10 pc/sq.neter/hr per u n i t  concentration, t he  ground 

* 

5 

A l l  these numbers a re  f r e e l y  rounded o f f .  For t h e  dose r a t e  frcrm 
ground contamination, we have essuned 1 curie/aq.meter,+ 7 r /hr .  
This is grePt ly  a f fec ted  by t he  86lf-absOrptiOn of vegetation. A 
general  conclusion is t h a t  the ground would b6 temporarily dangerous 
a t  dis tances  up t o  A '  50 miles .  

Rain-out 

E s t i m a t e d  maximum ra in-out  is 170, 40, 20, 8, 3 curies/eq.meter at 
6, 12, 19, 30, and 60 m i l e s ,  r espec t ive ly .  

*Calculations ignore weakening of cloud by deposition. - 
-20- 
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I !4 o m  t a i n o u e Z a 2  
’I 
I 

! The foregoing calculatiana for invereian c o n d l t i w  ere extremely sen- 
8 i t i ~ e  to the  assumsd i n i t i a l  height of the amoke plume. 
concentrction a t  ground level on a t r u e  horizontal  plane ie conjectural .  
However, the i n i t i a l  r i s e  cannot exceed a few hundreds of meters. 
local t e r r a i n  (Figure 4 )  is such t h a t  the plume cuuld intersect  the 
ground at distances N 6 miles.  The given valuee f o r  t h e  bad Case with 
2 - = 0 vould apply ,  Same d i lu t ion  must occur In  t h e  primary ascent,  
b u t  t h i s  K i l l  be an incalculable function of the rate of ccmbustion and 
t h e  gemetry  of t h e  fire. Can- 
d i t l o n s  on t h e  Wahluke Slope can then be computed fran the  above data. 

The actual  

I The 

A f a c t o r  of 10 can perhaps be applied. 

. C irsumstences leading t o  C olumbie River Contamination 

“ S o  f a r  it has been conaidered t h a t  all t h e  ava i l ab le  energy will be used Up 
as heat. Undoubtedly, sane will go i n t o  physical disruption of the un i t ,  and 
e j ec t ion  of a l l  s i z e s  of p a r t i c l e s  fram chunks down t o  submicron s i z e .  

The most neive picture  shows a l l  the r eac to r  materiel spread uniformly i n  a 
c i r c l e  of radius  x f e e t  about t he  r eac to r  P. 

Let p ( f e e t )  p e n .  d i s t .  f r a n  P t o  t he  far bank of the r i v e r  

i 
\ 

‘ P  I 
F i w r e  5 

cnd q ( f e e t )  = perp. d l s t .  from P t o  the near bank of the r i v e r .  

Ths area of the c i r c l e  between t he  p a r a l l e l  chorda is: 

$r .g2 
n?e r a t i o  of thls t o  the  whole area of t h e  c i r c l e  i s  A 

-21- 
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. Representative values f o r  each Hanf‘ord r eac to r  are:  

p = 3200 and q = 2000, whence 

~aximum f r a c t i o n  f a l l i n g  i n  r i v e r  = 0.145 - i 
j We now elaborate t he  model t o  the  Jericho Case, i n  which we picture  the re- 
’ e c t o r  sh i e ld  w a l l s  t o  f a l l  down, and the  upper hemisphere of an assumed 
’ spherical  r e c c t o r  t o  be i n i t i a l l y  proJected r a d i a l l y  fran the center  with 

equal force i n  a l l  hi rect ions.  
e f t e r  the i n i t i a l  veloci ty  i s  established. We f u r t h e r  assume that lC$ of 
the maximum possible energy 2 x 10l1 ca lo r i e s  goes i n t o  energy of motion. 
Cn this simple model, t h e  naximum range is  N le00 metere, c a p a r a b l e  Kith 
the worst value of x i n  t he  previous case. The t r e j e c t o r i e s  of a l l  p a r t i -  
c l e s  end the  ground pa t t e rn  of contamination can be cunputed. This pat tern 
can be approximately f i t t e d  t o  a c w e  of t he  type 

The r a d i a l  elements a r e  assumed t o  break Up 
- 

2 -b r Contnmimtion per u n i t  area a t  radius& = 
i n  which t h e  cunstanta a r e  r e l a t ed  by:- 

A e 

The f r a c t i o n  of e c t i v l t y  thrown i n t o  the r i v e r  cen be C8lCUlated f o r  various 
”reasonable” values o f L  
i n  the  r i v e r .  

We postulate t h a t  i n  e 2 x 10 c d o r i e  explosion most of the f i s s i o n  products 
w i l l  ascend i n  the primary hot bubble. Conversely, t he  2 x lo1* ca lo r i e  ex- 
ylosion has i n su f f i c i en t  energy t o  give maximum coverage of t h e  r i v e r .  * We 
shal l  eaaume that not more than 1% of the total a c t i v i t y  i s  d i r e c t l y  thrown 
i n t o  t h e  r i v e r .  T h i s  i s  /L 5.8 megacuries of f i s s i o n  products, and propor- 
t i ona te  &mounts of othar a c t i v i t i e s .  The ac t ive  p r t i c l e B  w i l l  f a l l  a t  high 

Such integrat ions show between 2.s and 7.6 

11 

* These calculatione are admittedly crude. A f i rmer  opinion l a  being 
eought from caenpetont experts i 
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veloci ty  on the  eimple model. 

r i v e r  i n  a s t r i p  approximately 4000 f e o t  long." 

Lf highly pulverized, much could escape upwarde. 

i 
t 
5 Ue e h a l l  assume uriiform mixlng of the f u l l  quote thrcughout the depth of t he  
' 

2 
? Width of r i v e r  = 1200 f e e t  

Effect ive length 8 -4000 f e e t  

Average veloci ty  = w 3 mph : 4.4 ?t/eec.  

I 
- i Average flow - 120,000 c .f t /eec.  

5 

7 9 Volume contamlnated = 8.2 x 10 c . f t .  = 2.3 x 10 l i t e r s .  

Concentration: - 
Fission products - 1.4 = / l i t e r  
Plutonium - 6' 0.1 p g / l i t e r  

Neptunium - 0.5 mc/l i ter  
U r a n i U m  - - 0.5 - / l i t e r  

Alternate method of contaminating the r i v e r  
This r e f e r s  back t o  t h e  ceze of burcing of a l l  the reactor  materiel. 
inversion conditions,  it i s  f eae ib l e  f o r  t he  emoke plume t o  drift toward the 
r i v e r ,  and then be ceugt..t i n  the peculiar e i r  s t r e z n  which flow8 down the  
Columbia River and i s  directed over t he  benc! of t h e  r i v e r  by the Whit6 Bluffs 
on the f a r  s ide f o r  about 20 miles.  Take the simple model i n  which the  plume 
is centered over the r i v e r  a t  a height of 100 meters ( reactor  i s  25 meters 
above t h e  r i v e r ) .  
celculated f o r  the ground. 

Under 

4Hk 

Assume t h a t  t h e  deposition i n  the r i v e r  i s  the eame a8 that 

Deposition r e t e  = 12, 16, 16 curiea/sq.meter a t  6 ~ 2 ,  end 19 miles. 

The average deposit ion acrose the r i v e r  (360 meters) can be calculated 
frcm t h e  known cross r i v e r  pa t t e rn  of t he  cloud. 

Averqe  deposit ion : 0.7, 0.8, 0.9 a t  6,  12, and 19 milee,  
Axial  deposit ion 
- - 

Tota l  contamination -0 .8  (6x14 + 7x16) curie-miles/aa_.meter x 
5 5.8 x 10 sq.meter/mile = a 90 megacuriee 

*t4osi of the f i e e l o n  product mater ia l  I s  expected t o  be oxidized. 
oxides a r e  normally insoluble, but  a t  low concentration the  ao lub i l i t y  
product is exceeded, and the  ma te r i a l  i s  postulated t o  hydrolyse. 

Theae 

Mor  t h e  r i v e r  ..' 

-23 - 



.. 

Colmel  €i01unan(~) estimates t h a t  oxides i n  the  hot bubble of the a t d c  banb 
c ~ o u d  agglanerate t o  p r t i c l e s  of diameter 0 . 1 ~ .  Assume t h i s  happene i n  the  
cooler f i r e  considered. Assume thet e l l  the p a r t i c l e s  i n  the present Cloud a r e  
n o m 1  inact ive particlee uniformly coated I Kith an ac t ive  l aye r  0.1 y. thick. 

Fi38iOn product oxides have spec i f i c  &vitiee between 3.9 and 6.9. 
Assume mean coating density = 5 &cm3 3 

mean c a r r i e r  mater ia l  density = 2.5 gm/cm I f 

; For eny ccated p a r t i c l e  of final radius r microns. 

Fhe d i s t r i b u t i o n  of e c t l v i t y  a8 a functlon of p a r t i c l e  
f rom t h e  Alamagordo data, assuming ~ e m e  d i s t r i b u t i o n  applicable here. 

1 

s i z e  IS now calculated 

' 
Relative ' Estinsted A c t i v e  mess f 

Dieneter number of Relative T o t a l   mas^ Relat ive Pa r t i c  l e a  Mass Activity . 

P 
0.75 73 
0.26 15 110 0.18 20 4.7 - 6.6 0.55 7 

0.  - 3 . 3  98.3 98 
3.3 - 4.7 0.94 60 

6.6 - 9.4 0.10 50 0.14 8 

13.2 -18.7 0.04 120 0.08 4 
18.7 -26.5 0.008 83 

9.4 -13.2 0.07 74 0.11 9 

0.05 -- Cozrse grains - -  -- v . low 

(7 1 The r a t e  of f a l l  of p a r t i c l e s  i n  a i r  (Bagnold'e data  corrected t o  dens.5) 
is: - 

Diameter Velocity F a l l  i n  5 k s .  Percent Cloud * p meter/eec . meters content f a l l l n g  

75 
50 

9.4 
6.6 5 10-3 8 
3 . 3  8 x 101; 16 4 2 

-2 2 x 10 3 00 
100 

w l .  I 2 x 10 - 

t i on  a t  





If 30 PC fission products are l ngee tcd ,  the  bone mrrW dopoa l t lm 
m y  be /t 1 .2  mc, a n t  +,ha l n l t l a l  dose-mte N 40 mp/daY. Tbe 
l n t e g r a t o d  doso l a  ,-v 
&ye, thls i a  p r e a m b l y  dunaelng. 
betveen t!!e gut r c d l a t l a n  and the skelotal d e p o s i t l a  as t h o  p r l n -  
c i p l  baM@ng agent. 

rep.  Whllo protably no t  lethal In 30 
Thore is  a xather Cloee bah.lS0 

(b) Pornlselble 'EZlergcncy Concent rc t lon  f o r  1 dni 

(;ut -88 - 100 rep  (CaJKimble V l t h  f l U a r o S C O p y )  iS 
I n e i g n l f i c a n t .  

Permissible emergency c o n c e n t r e t i o n  - 3 mc/litdr (si- M) 

a-1 = / l i t o r  (far I d q )  

Depoeition i n  bone mtirrcm 
r e b t i v o  c o n c e n t r a t i o n  of dongeraus 1oqplAved product8 , e s F i a w  
those p r o m  t o  dopoa l t  I n  bane l nc reaeee .  Aesuma 100 rep (hb- 
grated dose) t o  t h e  bone morrow l e  tolerable. 
amergency c o n c e n t r a t i o n  (30 hay m a t e r i a l )  = - 2  =/liter (single 

- as t h e  f l a s l o n  product8 aga, the 

Permis8iblb 

drw) 
N 0.7 mc/liter ( fo r  1 b y )  

( 0 )  Permissib~o encrgcncy c o n c e n t r e t i o n  f o r  1 yea r  
The raluoe accord ing  t o  K.Z. Morgan( 9 )can  be adJusted With the 
D8V mdi8tiOXl e X p O 6 m  limit t o  - 

Permiseiblo emergency c o n c e n t r e t i o a  = 1 uc/Utur (far 1 p r )  

Thio la hicher by a i e c t o r  
M t  of an z t m i c  energy lmtallntlon. 

,,, lo00 than the  planned waste d l s p l  

--- 
Appropr i a t e  values of L3 j0/30 aro r u t h e r  poorly knm. 
exper imenta t ion  ha8 concont ra ted  on other  modo8 of e n t r y ,  o r  an the trans- 

material. One value can be $1 aMnisty€t? . Animnle f ed  1 - 6 )II: Ured 
mieaion t o  other o r g m e  of oral 
deduced frm t h e  i r s p a t i o n  of Y by p-4~ 
Until e v s n t u a l l y  killed by ndenocarcinans of the colon. 
gut pluo content8  a8 55 body weight (etonderd 1 year rat 
Eetlmated dose = 6000 rop. 
PLaehmp(15)roports that an  X-ray doae of 14& SED ( -  /t, 850 r) to tho c o l a  
b e e  not produce irreprable &inage. 
LD %/30 for g A t  irradiation Is 2000 I 3000 mp. 

we adhere to the 1XXl rep of t h o  tsbulations, bocauss t h o  higher fm 
Would probtrbly lead t o  intolorable depositions in other v, ud vhila 
not a true LD 30/33 it msy w e l l  be a rapzwsontatlvs lethal dtmo. 

In the animal, 

T a b  the 11388 af 
280 e. ) .  

The vriter ed,irodtes that in m, the 

!! 

I 
I .  

I .  
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p l u t  cni ui 

(u) Lcthil do30 LD 50 in 30 day3 

Note tkt  concentratlone of the order of 1/3 of thlr 
depoeit enough plutmium in the skeleton t o  be ultinnteu btbal. 

(b) P e d a s i b l e  63sreoncy Concen t rs t l on  f o r  1 day 

The akslotcl l  depoaition i s  of the order of 0.m ob the hg8atad * 
doee, and the pemleelbla ake le ta l  depoeition i a  3, 0.1 Ug PP. 

( 0 )  ~ e r m i s e i H e  Enwrgency Concentration fur 1 Jsar 

Neptunium 

A p m n t l y  tho neptunium need only be oollalbared noparatdJ h 8 U i n r P -  
atance i n  vhich p r h r y  plutonium is abearbed aut, far exnXpk0, W 
8m t h ~ a ~ &  6011, and neptunium IS tmmaittad. me rj then 
becane D carrier of plutonium t o  the  rkbletan. 
vieutilized In which this  effect  would bo rigniiioant. 

Io0 came It 

Uranium 

Lethnl cancontration (radlatian-effect) =.v &Id p8 U/Ukr (8- 

but ohcrnlcal t o x i c i t y  probably interrsaer at  *L, 700 rrd 
nratarial is in soluble io=. 

-1 
lf th. 



Tho i n f u h t i o n  t o x i c i t y  dependa on 

(1) r e t en t ion  of plrtlclcs - YO a ~ a u m e  z r b l t n r i l y  a par). ratefilOn %, 

Tho reelduwn is euppoaed t o  be ol lmlwted vlth a bio logica l  half- 
u l t h  rapid renoml of 0x10-half af thjs which thon proscnta an 34wst:cn 
hszard. 
life of 2 rccnthe; 

(2) trmamioslon through luna ml l  - b r m l n o ,  zubldlrolr, s t r m t l m ,  ratbsatm, 
lod lno ,  c e e l o  and brim, w i l l  b eseumed r a p i d b  soluble,  a d  a l l  otber 
octivo m t e r i s l a  t o t e l l y  lmoluble; 

l a  a conceivable l imit ing bnzard. 
(3) hazonl. or discreto particles - this vi11 be XM@OCW bare, dth-gh it 

Fieelcar P r O G l l C t e  

Par e iPp l l c l ty ,  t h o  c a q m s l t l c n  a t  2 hours after the sxplcmlm v i l l  k tamed 
throughout. Of tho calcuktod depoaitlans, the biS+rikrtlCn i8: 

L u q  Insol:.blo w 
144 

1 d i n s  =% 
others % 

Cas - eecapes 71L 

soluble 
boaa -be e ko rs 

, 



4 
P c r z s e i b l c  ~ 3 ~ r ~ c n c y  dcpositlca P . E . D .  x 0.3  1c. 

* A p p r o x i l u t e  calculntlan as f o l l o w :  



p l :1 t  on iun 

Lethal dcpoeltloz (LD 50j30) Z N 2 f - 
P.E.D. 

Thio le not  much hieher than the norrral porniairlbl~ d o p l t l m  w 2 ps. 
yoptuniun 

Lethal doyosltlon (LD w/30) : rL DC - 
P.E D. f N 1.3 1c 
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C m i t y  P o p l o t i o n  

Richlcnd, Wn. 25,OOO 

Kenncxic k 
400 Irrlgatlon ProJ, 

8,coo Pasco, Un. 

1,500 

Arllnqton,Ore. 6inn 

H c N e r y  , ore. 

I 

0 

----- - 
Blw-up, 1 d a p  Burn-up, 1 daya 

Sourco of drinking, receiving drinking, r e c e i ~  

2-Y ;J I 

Sanitary f rzc t lon  of r m c t i -  or 
, Water . L3-70 . P.E.C. LD-56 . P.X.C.  

$- l-c w 0. oO02 0.002 00.002 0.02 

C 0 :06 0.6 0.6 6 .  

CF 0.06 0.6 0.6 6 .  

CF 0.04 0.4 0.4 4. 

CF 0.0% 0.- 9.w 2. 

I .  
-33-  

TABLE 6-2 

Key: 

Nf = Yekina Rlvor wcter storod In etirth bmins t o  raiee k b l e  for wel ls  

C = Columbia Rlvor water, no f i l t m t l o n .  

CB = Columbia Rivor water., sand . f i l tered.  

9 calculated mluo due t o  dilution fram tr ibutar ies .  

- 
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Rlvor Populition 

f 

TlBSUe 
Intastlne 
B- 
viscera 

11) Flah  
hr lw  t h  s m e r  nu., thore urn about 3O0,CCO adult salmon and 
trout in t h o  Colrrnbln Rlvor, baeed on counts at Bonneville Pa and 
emtLEljtod fl3hl.rq m o r t a l i t y .  
tial qnvn of adult aalmon, and aaeualns half the you6  fish In the 
h r  Coluabiu, them w i l l  bo 85 million young nlEplsnt s lmon .  

W i t h  t h o  normal 20;: ourviva1 of poten- 

Concentmtion h c  tors 
Blow -up Burn-up 

10 100 
0.2 1.3 
1 2 

3 hr.expoaure , v 10 hra .exposure 

I 
i 1 t - 2  1 

Other m l p t o r y  f i s k  (melt and shad) a m  Ln the  Laver Columbia, end 
r p o r t s  r lah ,  (baee, vhltofleh and aturgean) are found t h r w o u t  the 
rSt lcm bolw t h o  Sanford Workn. Coarse f l a h  are abundant. EYom 
t e s t  oanplo8, t h e  relative popubtlcma can be set at 

e 1.h!scls 

Adult ~ l n ~ l i  and trout 300,000 
Y a i n i ~  salmon end t rou t  85, OOo, Ooo 

5 Othor fleh 
Total 

Thir rspresentn 1CYXI fish per Linear foot of river. 

- 11-b) Othor aquatic rortebxntea 
Thero I s  no hqm-tant form. Tnnpy  eole have beon included as f iah .  

mupic fornrs per 100 sq. r"t. af proauctive b o t t a .  'If such b o t t c n  
arslagoa 300 feet fran either b n k  trcm €?anford Worh to the mouth, 
t b r o  is 40,000 tans of a w e  h the river. 
8 rpooial c a w ,  bacause they will float dwnr lver  Vith t h e  cmtamin- 
ated water. "he m a  involved for the "blow-up" ccse l a w  1 ton,and 
tor "bum-up" i e  - 17 tau. 
*plankton to one part tooplanktm. 

D) Insoct h m e  nnd aesocintrod form 
A t  Hanford, h m e ,  wih, e t c . ,  appraxlmate 2.7 l b e .  per 100 e q .  

P7r_nktao3ic o r p i s m s  are 

Tfie &Et88 IE approximately. 9 pirte 

It. m U C t i V O  bottm.  The oetinnted t o t 4  -88 I 8  22,000 tans. 
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Hypotne t ico l  v c l u e o  for plutonium and uranium a r e  derived a6 f O l l t W 8 :  

S a c  w : l l  bo l n p s t o d  w i t h  food, and perhops 0.15 Pu and 16 U absorb- 
e d  f r a  but .  of food i t 3  e 8 t i -  
mated t o  c o n k i n  < 0 . 0 l p  PU, which dcpos i to  < 1 0 ; ~  Pu - ' 

(s 0- 1 y g / k G ) .  Thoso nmount8 a r e  Small 
ccnporca w i t h  those i n  the  water .  Ion exchan6e a c r o a s  g i l l  m e m b w e  
ehould oqu1librst.R t h e  s p e c i f i c  a c t i v i t y  In t h e  fish w i t h  that in 
v n t c r  ( 0 . 1 ~  Pu/& and 0.5 mg U/@, r e s p e c t i v e l y ) .  

12) hI ic ro-orpnisms 
The cst-ted c o n c e n t r a t i o n  f e c t o r  f o r  fission produc t s  in bot- 
forns ie  ~ 1 9 0 0  for a 10-hour exposure, and -100 for  cme-bali hoar, 
baaed on the f e c a l  c c t l v i t y  of Prosser's goldfiah, and Hnnfard dnb 
on conccn t r a t lon  factcra of o t h e r  radio-elements. P l u t a n l m  and 
uranium concen t r e t ion  f a c t o r e  a r e  a r b i t r a r i l y  takon at5 2 in bath 
caseo. 

Plnnkton t r a v e l l i n g  w i t h  the contaminat ion is estimated t o  haps a 
c o n c e n t r e t i o n  f a c t o r  (F.P. ) of A 1OOO. 
plutonium o r  uronium is w r i t t e n  at3 10. 

For an  average f i s h  (200 p), 10 

Uranium d e p o s i t  I s  & 5 ug. 

Arbitrarily, the faafar for 

( 3 )  I n s e c t  lervae and a s s o c i a t e d  forms 
By generaus extrepolatlon of Hanford data, the averpSs Oa'sentrstiaa 
is w r i t t e n  as 50 f o r  4 hour (blow-up) and 500 far 10 hm(burrr.*p). 

The c o n c e n t r a t i o n  of a v a i k b l e  contnmi.ljtion 18 ezhibited in &bb 

I s  thct  e e t l l m t e d  t o  ~ i v e  3000 rep t o  t h o  gut in fiah. 
6-31 2. C m p r i s o i i  ~ i t h * c m d e l y  e s t L t e d  -'- d-08. T b  I D W +  

.. 
I n  t h e  ebove p i c t u r e ,  a g e  is  c o W - w d  to :  

(I) Flch In Case 111 for flbalcrm p r d u C t 8  
(2)  k r v s o  I n  Ccses 11 and 111 f o r  fission product8 
(3)  B o r d e r l i n e  chemical t o x i c i t y  of utnnlum, poeeibly of a l l  I-. 

(3) Delayed e f f e c t s  on s q u n t i c  formn -- food cha ins  

PlarScton of the ColuPbia Rive r  canslats  malXdy of diatams. 
t he  f i l m e n t o u s  eQae of the r i v e r  b a t t c n  concentrat4 radioiaatapas 
fran the water ar.d subsequent ly  provide cantamiaated food far 
form. 
t c t i v i t y  In t h e  r i v e r ,  o t h e r  t h l q a  beirq equnl. Hem u11- 

t r a v e l  w i t h  the contcmlnated w a t e r .  P o a s l b l e  intabb into 
vater eyatcma has t o  be camidared. A n  lnpartMt disticwrtim 18 a t ,  
If n o t  cap tu red  enroute, they escape i n  about 
l o g i c a l  systcm of the r iver .  AU ather fomu vill tond to rcst 
blologlcnl  chain of a c t l v i t j  tramfar In the rlrsr. 

Tbs80 sab 

Tho diatcma are probably the most o f f l C l s P t  O W - t X U t m  Of 

. becuuse they  f l o a t  freely i n  zmea of MtivitJ, a d  

dam f r a a  th6 bio- 
a 

Bottarn forma Includo t h e  nuco,  protozoa and lneect  l a m e .  
thoee wrticiplte m t h e  food chain. 

A l l  
For the oust- E l a n i d  

-35- -- 
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a f f l u e n t s ,  c q t c t i c  i n s e c t  l a r m o ,  such a8 of cadd i s  fUee,  which feed 
on plarkton, or d d g e  larvae U t  feed on a-o and p-w, O C W r S  
about t h o  eace npcc i f i c  activity a3 t h e i r  f o d .  
M Y  fly vhich &re p a r t l y  carnivoroue ore  leos a c t i v e  br E factor of 
two. 
plankton fcedere. 
a c t i v e  than carlp c r  auckere.  

F o m  such as t h e  

Carnivors, ouch a8 crc.yfinh, acqu l ro  me-fifth the a c t i v i t y  of 
S i m l h r l y ,  &he carn ivoruue  game .fish 8.m lesa 

I n  a p p l i c a t i o n  t o  t h e  c u r r e n t  c o n t a m i n a t l m ,  it foLlow~ that Ooevde 
fish, cscoping  d i r e c t  1nJw-y by i ~ e s t i a n  uf flsalm produot8 0Cd.d 
e a s i l y  c c q u i r e  a l e t h a l  doae f r a  contaminated a s .  
a d u l t  bcse or t r o u t  would probabu avoid t h i s  into. 
trout, o t i l l  f e e d i n 6  on micro-or@mlams would be rU0bl.y Gandiihtdl 
f tx e x t i n c t i o n .  

Such f w  4 
Y q  M b a l  ar ' 

No a t t empt  h a  been =de t o  c a l c u h t e  the biatfibUti4a pat- 
a c t i v i t y -  i n  t h o  w e t o r .  
e f f l u e n t o  is that mixing f i a n  a small  10urco is - a n p b b  20 r i l e 8  
downriver,  bu t  approximate ly  c a u p l e t e  a t  40 mibe .  r- prob- 
ably have ecc080 t o  t h o  exploelan 00n-s 10 t o  20 b k W  
the r e c c t o r .  Their cancan t r t r t i rq  action i t i l l  tmbabme the 0-m- 
tratlan. 
wuter ,  - e l l  t h e  a c t i v i t y  oould bo rammed:- 

Known fran experience wlth 1.eactar-00d-W 

If all t h e  algae i n  the river were erpOtMd to tb4 Wtl- 

6 Maere of algae 40,000tcns = 3 6 x 1 0  )Fg. 

A c t i v i t y  of vater : 1.k mc/kg 

Concen t ra t ion  f a c t o r  /L, 1W .. .. 
A c t i v i t y  of a-e = znB&acur iea  

.. . -37- 
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(4 )  E f f c c t s  on f c m  c n i r 2 l s  cnd w i l d l i f o  of thc Colmblo Rivcr 

Assumptiom m d e  i n  t h i o  cos0 aro: 
( 1 )  ~ W O  rep  t o  gut (sinGlo axposure) IS a c o n s e r n t i v o  LD-50 
(2) the con tmlncmt ,  on t h o  a v e m g e , l s  d l l u t o d  I n  t h o  r n t l o  of t h o  

( 3 )  only f i s s i o n  products  nced bo conaldered  
d n l l y  In take  of wa te r  t o  t h e  n o m 1  g u t  volumo 

only C a m  III of Toblo 6-3 Is e l g n l f l c i m t  

t h e  coneervc t lvo  LD 50, t he  n n g o  betwoon P.E.C. and LDSO w i l l  be 
a plaueiblo injury-raxqo.  

5 )  If t h o  permlsnlb lc  enercency c o n c e n t m t l o n  l a  t aken  as one-tonth 14' 
(6) no c o r r e c t i o n s  f o r  decuy a r e  made. 

Tho r o l e v a n t  data le aeeonbled In Table 6-4. 

The p o t o n t i a l  a f f o c t e d  p o p l a t i o n  of d a m s t i c  an 
of that of cuun t loe  adJo ln lng  the C 
times a m  ae e s t  
cane8 from Dukoa 

I s  t a k e n  ea 2($ E? Gut r e t o n t i o n  
by Morrison 

See "ab le  6-4 

The b b u l a t l u n  s w e e t s  t!!t 0 300,000 d a n e e t l c  mipals, and 

P.E.C. and t h o  D O ,  and may be inJu-ed. 
or Ccee 11, t h e r e  is no InJury .  
$my by d r b W n g  w i l l  be moderete o r  nan-existent. Reeenrations vith 
respect t o  a q u a t i c  b i r d a  eating contcminatod auao hcvo t o  be made. 

~ , o O O  w i l d  anirrsls mey r e c e i v e  exposums  between the e e t h a b d  

The geneml s p o c u h t i a n  is thct i n -  
F o r  the mom probablo Caee I 

(3) E f f e c t 8  oi river canzaminntion OD l r r i - u a a ~  ._ 

Data an the t m l c c a t i a n  of f i e e l m  produc t s ,  plutonium, end urnnium, 
i n  p l a n t s  of vo r  et3 l a  eca rce  In the l i terature.  L.Jacobaon 
and  R. Ovors t r ee t  
causlrq barmge. 
readily excosded In Czsa 111. 
be I n s l @ f i c n n t .  

Fission products  euch ae ZrGb and the ~'bm earths prodcminant ly  go t o  - 
t h e  r o o t o ,  vhilo Sr h e  s l g n l f i c m t  tramlocation t o  t h e  lenvoa. Quan- 
t i t a t i v e  t r . x m f o r n a t i o n  of tho data t o  the f i e l d  cam is d i f f i c u l t .  The 
l a b o r a t o r y  t8ete woro mado via p l a n t s  grown f o r  24 hours i n  euepen- 
s l o w  of b e n t o n i t e  c l e y  In wntor. 

. trated on t h o  clay, cnd t h e r e  is o a n p e t i t l o n  for t h e  c o t i a n s  betwcon 
roots ond c lny .  
l ~ l t i a l  deposition on eo11 up t o  same e a t u m t l o n  point, with later 

Such an e c t l v i t y  Is a v a l h b i e  f o r  Caee Et, and l e  
Plutonium and uranium haw& appear  t o  

I 

I n l t i u l l y ,  t h o  ac t iv i ty  I s  c-en- 

P r e 8 ~ m b l y  thon,  t h o  p i c t u r e  In l r r l ~ t l a n  Is a 





t r n n v l o c c t l o n  t o  tho  p l m t s .  
e p e c i f i c  p c t l v l t y ,  3 r o : -  

Tho l a b o w t o r y  m 3 u l t 8 ,  canvor tcd  t o  

I 1 
Zlomont C onc c n t r a t  1 on f c c t o r  

A = 0.1 mg . I  

A B bontoni to/ml.  

Y 0.5 33 0.2 i 14 ' B = 0.6 mg,/rnl. 
Lorvoa 1 Roots i Leavos i Roots 

C O  0.1 -f 33 0.06 1 14 1 
Z r  - Cb 1.4 40 . 0.6 I 17 , 

Sr 0 1 13 1 3.11 1 5.5 f 

I n  Case 111, t h o  s p e c i f i c  a c t i v i t y  of sr89 in wntor i a  1 4  x 0.011 
m c / l l t o r  = 0.15 m c / l l t o r .  In  t h e  leuvee will be found -J 5 x 0.15 
mc/& = d 0.75 mc/kg. 
a doily l naoo t ion  of w 0.2 lllc Sr 
dnlly l n tnko  (clloviri for docny) I s  e\.' 10,uc. 
glvee t h o  p o m i s s l b l o  dnlly oxpoeura a f t o r  one p a r  is A' 2 p c .  
e v e n t  of d i s a e t e r ,  the t r a m l o c a t i o n  I n t o  irrlgatod c r q a  m y  ruquircl 
i n t e c e i v o  s tudy.  Ue ma7 consider hore l r r l ~ t i c m  p r o J o c t s ,  e i t h e r  n m  
In cxio tonco  o r  contcnpla tod  f o r  thct f u t u r e ,  which would bo mho un- 
avn1Lbl.o for tho product ion  of crops folloulng t h e  a c c l d c n t  If tho  
l r r i g a t l c n  water could not t o  tw.cd off in t2w to avoA ccoltnmiaatian 
by m d i m c t i v o  m i t e r l a l a .  

le conaumfllon of 0.3 W b y  give8 
/day. Ovor m o  year, t h o  ovorago A vogO% 

Tho k i l y  Intala vhich 
In t2m 

.-, Tho Pasco T r r i p t i o n  P r o J o c t  cove r s  7,77C acme, with  5,552 acres to 
be i r r i g a t e d  i n  the n o a r  f u t u r o .  

Bolow t h o  ca?flucncu of t h o  Smko R i - r e r  I n  tho Colmbi- R i v o r  Bottan 
i r r i g a t i o n  t e r r i t o r y ,  approx ima t s ly  1500 n c m s  are being I r r i m t e d  in 
a m a l l  t r c c t ~ ,  t h o  l a r g o e t  of vh ich  Is TOO a c m e  on Sls lock  I e h i d ,  
l c c n t c d  Cotwccn W t i l l o  axid U a l h L .  Far much of othor i r r l@tlon 
r e q u i r c d  mer tha Columbia R i w r ,  t r i b u t a r l o e  a m  used which, in rare 
i n a t a r ~ c o s ,  u y  bo i nc rcasod  supp lcnen t ing  with Columbia Rlvor  =tor. 

.r  <.' 

- Botwoon t h o  h l l o a  and t h o  mouth of t h o  Colrrmbi3 R ive r ,  s m a l l  acroo(3oe - 
. aro l o c a t e d  which a r o  n o t  irriwted b u t  are aubgoct t o  inundctlon by 

flood. 
imtian i n  somo mca8uro and c a n e l 8 t  of p l o t 8  varyiq f r a n  10 to 100 - Q C r o E .  

Thoso fanre froquontly b v o  dikea which vcu ld  provont  c c n t a -  

In tho distant f i t u r o ,  it ie cantomplatod that poaaibly 260,W acme 
V i 1 1  bo i r r l e t o d  by t h o  Columbis Rlvor  loco tod  bolow Konnowick and 
thraugh W.tilla, and w i l l  i n c l u b .  8omo of tho Roroohooven n m t .  
of tho m t o r  w i l l  probably CCPO fran t h c  McNury Run with Hiddcn Vhlloy 
to bo i r r i e t o d  f i r e t .  

Sourco 

Tho crop8 g r o m  bctuoon horo cnd t h o  Ia I lcs  aro o h o a t  o n t i l v l g  posture 
f o r  s t o c k  v i t h  l l t t l o  t r u c k  fc:ming. Iio p m u n c n t  c rops  a m  &In6 anti- 
oipatcd until t h c  irription projccta p r o s c ~ t l j  h i n g  inotullod a m  



-e;< 
-I; c m p l o t c . .  It m y  tuko  eovera1 ycnro bafom cropa  of thio type, lrzclud- -2 

lng orchards,  ai-o or tons  i v o l y  p k n t o d .  3 
I.i: 

In e m . r y ,  a t o t a l  of elie;htl;. n o m  thcn  7,000 acron w i l l  shortly bo 
1P 

i n  t h c  d l o t a n t  futuro. 1 

,% 
and rondercd ueolooe for n p r o t r a c t a d  period I n  tho  ovent cb 6 CataS- 
t r o p h e  is dopcndcnt on how qu ick ly  i r r i g a t i o n  opomtars o d d  be per44 - -* 

mar0  4, 
until tho b u a  of r - d l o e c t l v l t y  k 3  pr-saod downstream.. 

-L . .  . 
* l r r i p t o d  by wator frcn t h e  Columbia RIvor, and porhnpo 230,000 dCM3 . 

Vhothor Ground and cropa vouzd bo CmtamizlatOd 
, 

< of t h o  hazsrd and stor, dravlng wator for perhaps a ar two 

- .. ILhis should 
T?. be p03SiblO If t he  camzunlcat lon s y a t o s  Is efflci&. -e. 
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Tho colcxlat iono for r o n c t o r  t u rn -up  with i n i t i a l  ho:&t 100 PliBtora In (m 

atnosphorlc i n v a r a i o n  w i l l  be eccepted a8 t h o  uoret c a m  reaaaaably expect- 
ed. Tho relovont flgu-ee are summarlrod belw: 

- Dietance (niles) 

. Cloud doeo, 
ex terna l  ( r e p )  

b n i u m  effect8 can be noglected, and the neptunium grarpd vith fisslm 
p~oducts. 
Values abom, the o e t l m t e d  LD-30 perelst t o  bistances of th4 order of 
g0 d l o a .  A t  face 
value, t h e  burn-up could c c a e  eubetantlal m3ury to tbe poplLation of 
Yalla WalZa, or borderUno in3u.x-y t o  6 s tr ip  af the populatlaa in Spakane. 
8uch factors a8 the improtability oi an hvereim pernistlw m r  the 
required length of time, t h e  veabning by deposition enroute, and the 
vind shear effect, rn i t i e t e  th i s  risk.* 
hzarda exlet in a triappbr area of b a ~ e  about 1 to 2 miles and le- 
N 30 to 80 L h s ,  ulth apex n t  the rsactar. 
area w i l l  bo determined by the vind dlroctlcxa. 

include only w 30 poople. 
i o  d 300 poople. 
b o l u d i ~  Yakbaa valley tanu, Richhad, Komavlok, and Pa~ro. 
Lsttor arc0 the prirpb targets ,  &IO to 10-1 intorroalpg torraia ud promil- 

atsb,  **et thaee towns 
8ahee~se qpratitre ia the 3 to 1$ haurr a.mllabLe. 

l a  aot unmasonabla. 
Yoi&htod accordirq~ to o v a m e  w i n d  roeo. 

Tho significant i n i t i a l  h u m  I s  inbalntim taxicity. 

Veluee above the, P.B.D. extend to abaut 2C€) mlbs. 

Msrsrthelaee patentla1 inhalation 

!l!b unpredictabie bazerdoua 

. M the itate ot Washington averags pornt ian,  the tr- - VU 

POT t h e  @ma locatim, tha brsrago 
W a r m  s t i l l  l e  the amcentrrrtioa af popPlatim ln o l t l o s  

Tho thzoa 

The p r o b b i l l t y  Oi moriq 8 Ut m moh cantar  is vind dlrccJ1m. 
/v 1 in  10. A8 many a8 10,OOo p O O p 1 0  C& then k f l e0 t .d .  ?-- 

the port U ~ U  to bum eitwtirs .-ti= 

* 00 tho other haad, a A  add1ti-l  f m b  O f  2, bU0 t o  laV W h d  8paod 

1 0 8 2 2 1 3  
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Tho eocondary hezard to m n  in t h i e  trlaqulnr LMO canes frcn lrradiatlm 
fran contumlnnted ground. 

o r r  intagratod dosea ( ~ ~ i ~ u m e a  no leach-) am: 

* I  

Accurately enough this can be taken initiaw 1u 
Th. r d -  h/ 100 r / h r  a t  die tnncee  of 6 t o  30 milos Iran the mactar. + - 

. - -.. 
-7 4,. 

- 7 

Time a f t e r  daposltlon, L hr 5 h r .  1 d a y  
-. 1 

Dooe-rate (r/hr) loo 80 70 40 30 20 10 

In t eRra ted  doee (r) 100 200 400 1300 f 3000 5 ooo > r3,ooo I 
Tho inhabitants of this ZOM have been potent ia l ly  k i l l ad  by ths IAhalatiar 
hazard, unlees previouely evacuated. We are concornad 0d.y Vith ruhqta8nt 
re-entry f o r  rescue, etc. Obvlouely, re-entry titPes Paut initially be b p t  
to the ordor of one hour. Even a t  0516 mmth, entry far mare tban a feu 
hours would be undesirable. 
tho figures refer to the axial dwe-=to, vhlch l e  about MOO the am- 
ncmaa the vidth af the cloud. 

An addit ional  hazard t o  man i r  the cma"pLDtlcm of vdgaktim thst hsa m- 
celvod surface contamination. In the m o a t  triangle, ths spsOlflO 
aotivity an plants w i l l  ba N 5 c u r l e s / a ,  which I s  perbps QP ths ordbr 
of j o - l O O O  times the pxni se ib le  limit for hLmm ~amumptlax. -08. 
of the atsloephorlc turbulence, dangeram Qporltiau 013 mgstatla~ oaa ld  
mcur up t o  a t  1 m s t  60 d l e s .  

Tham Is a hidden eafety f-tos ob 2 bcmme 

. 

The lmsud 1s not elabaratod boaaawo it 10 
. I  -. avoidable by control. Local +tor suppUes - rsrsrroiru and padr - vill 

c o n t ~ m i ~ - . + a ~  to t h e  extant of w 1-10 =/Liter. mi8 hazard can b~ 
tracod frmn t h e  d~scueslcm al the rimr, sxospt that it o d d  persist Uqar 
If t h e  eupply is not burnpod. C o n t r o l  la fMalblo With a & Proolitur earvice. 

I O 8 2 2  1 4  
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This  l a  a pre l lmlnnry  droft, diffuse and un-od l t ed  i n  order to mako 
t h e  ‘ s p e c u h t i o n e  a v a i l a b l e  imPodlately. 
d i r e c t e d  t o  t h e  p r l n c l p a l  a u t h o r  will be a p p r e c i a t e d ,  and helpful, 
in p m p r a t i o n  of tho  f ina l  d r a f t .  

CcaPrenta and c r i t l c i a n e  

Part I t r e a t s  t h e  Eanford nuc lea r  reactor 81 a m e t e  a t o r n g e  u n i t ,  
‘and r o l n t a s  the  fo reecen  c i r cuns t ancee  under which theee uastea  may 
bt, d i s o m l m t c d  t o  produce onvlronmental  hazards uuttilbo tho Hanford 
r e a e r v e t l o n .  D iaos to r  r e q u i r e 8  simultaneoue l o s e  of c o o l i n g  Mhr, 
and f a i l u r e  of aafety mechanisms by earthquako, banbing o r  eabotage. 
Simple phye ice l  and m o t o o r o l q i c a l  p i c t u r e s  of two e x p l o s i a w  of 
h e a t  releaeo 

are  drawn. 
range .  

* 11 ++ 
2 x l o l o  c o l o r i e e  and 2 x 10 c a l o r i e 8  , r e e p e c t i v e l y  
The f e e e i b l e  moat d a q p r o u e  casea  am probably i n  this 

Conaidered next l e  t h e  more probably anfie in which primary explosion 
I s  followed by burning  of r e a c t o r  c o n t a n t s .  This ie the  moat hazard- 
o w  p r e d i c t e d  event .  The behavior  of t h e  reaultant radioactive cloud 
under  a v e r a t p  and adveree meteoro log ica l  c o n d i t i a m  l e  defined for 

(1) a c t i v i t y  in A i r  at ground levo1 up t o  60 milee 
(2) width of‘ c loud  
(3) i n t e m t e d  external doae 
(4) lurq d e p o e l t l a n  of p-eeumed aerosols 
(5) d e p o s i t i o n  of a c t i v i t y  on the wound 
(6) r a i n - o u t  af a c t i r i t y  

- 

.:., (7) e f f e c t s  of s l e v z t i o n  (mmntninoue t e r r a i n )  -- . 
# & ) i t 3  t h e  c r i t i c a l  Inmediate  hrszard, whereas #(>) or #(6) lsabs t o  

p e r e i s t e n t  e n v i r o m e n t a l  hazard .  

D o  modele leading t o  groaa can tandna t ion  of the Columbia River are  
- developed: 

(1) Blow-up, i n  which the pr imary  exploelan e J e c t e  a c t i v e  
m a t e r i a l  d i r e c t l y  t o  the river. This model ia highly  % 

8 p U b t l V G .  

1 

( 2 )  Burn-up, In which t h e  active cloud d e p o s i t s  a G t i v f t i  
i n  t h o  r i v e r .  

The oe t ims ted  e p c c l f i c  a c t i v i t y  ( f i s s i o n  prcductcr) i n  the rlvur 
l e  1-2 ‘mc/l i tor  i n  either case .  The contaminated  etr lp  l a  
n-’ 0.8 mi lee  In (1) and-15 milee i n  (2). 

G p e c u l a t i m e  on b i o l o g i c a l  e f f e c t  i n  mnn pmaant quite tentative 
vuluos for a lethal dooe (LD-30) and a p e r m i s e i b l a  emarSOnCy C m e A -  
tration o r  dopoe i t ion  for ingestion end Inhalation? r a a p e C t l P d l y ,  
for f i s o i o n  products ,  plutonium, neptunium, and uraniun. These 

2 
4 

6 
7- 
ll* 

l.6 

18 
18 
19 
19 
20 
20 
21 

21 

23 

23,s 

e 

* 28 
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or0 odoqusto t o  d e f i a e  a benordl  dnnaao range, whon t h o  c u r r o n t  
uncortcllnty of t h o  phyolcc l  p i c t u r a s  l o  cawidcred .  ('do 8 n t i C i -  
pato  . c r l t i c i s n  and v l d o  divergonco in valuoe of LD-50 ar.d P.E.C. 
o r  P.E.D. 
ed vc luoo  for t h e  fir41 draft). 

C a n p r i s o n  of the dancge ran& with  c a l c u l a t e d  expoeuree ahova: 

Frm eutmittod ccmmenta, I t  l e  hoped t o  p resen t  weight-  

(1 )  e f f e c t s  of r l v e r  contaminat ion on man - b o r d e r l i n e  damge 
for U h f i l t e r e d  water eyetens; c e r t a i n  damase if active 
wa te r  le unfevorably chnnnol lzed.  

(2)  lmmodlate e f f e c t s  of r i v e r  contaminntion an lover forma - 
f i s h  domaBod i n  t h o  uor8 t  c a s e  by f iee ion p d u o t a .  
I n s c c t  Lirvoe Genortilly damaged by f l s e ion  products .  
Dubioue choa icn l  t o x i c i t y  i n  the woret ctme. 

(3) delayed e f f e c t s  on a q u a t i c  forme - food cha lna  with the  
a c t i v i t y  i n i t i a l l y  concon t ra t ed  by a w e  or plAddanktMiC 
forma cnhances t h e  a g e  t o  highor Soma, for flselcm 
products  only. 

(4) effects op- animals watering a t  the r ive r  - wideopread 
damap i n  t h e  worst  case only. Probably t o  
t%qURtiC b i r d s  in RVOrag0 C a 8 0 .  

( 5 )  e f f e c t 8  on I r r l p t e d  c rope  - pr i rmry  ba?;;l38e eeema 
. f o a o i b l o .  Ro5iducl long- l ivod  a c t i v i t y  In food p l a n t @  .. 

vould  have t~ be checke;. 

Fran the poeelb le  r a d i o a c t i v e  c louds : -  

(I) t h o  p r i n c l p l  hazard l e  Inhalation of flt?sicm product6 
and poee ib ly  p l u t o n i u ,  rather t han  the erternal r a d i -  
a t i o n  frm t h o  cloud.* 
a b o u t - 6 0  &loo frqa t h e  roactor. 

Dangsrous d o m e  occur up t o  

(2) t h e  eecondary hazard ,  fran d e p o a l t i o n  of a o t i v i t y  on 
the ground, donice u n r c 8 t r i c t e d  accees  over a almilar 
r n w e  f o r  at l o a e t  haye ,  and poealbly m t h a .  

(3) t h e  eane secondary hazard l a  le thal  t o  animala by 
o x t e r n c l  rdhiatian. 

it This hae 6 e n e r a l l y  bcon lnsdoquote ly  dlacueeed i n  most earlier 
d i s c u o a i m e .  (2) (28) [$g{; 
coneldorod by Juno & a l l  
c a m r t s f o l d o r  (31) 

Plutonium I n h o h t l o n  hns been 
, and lodlno inhahtlm by C. C .  

- -0" 
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(4) i n g a s t i a n  of contnnlnnted food eggravatae t h e  a g e  
to animsls. 

(3) ~ a v i n g  plants mny be InJured by t h e  depoeits. Where 
p r i b l o ,  t h o  affoctod popuhtiona are apoculatlvely 
mstFrPatad. 

' B e  A p p e n d i x  lncludos a lev notos of' interest not lncluded 
in the appropriate t e x t  location. 
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1. ,bta an additi-1 act1vlt.y gsmratod in t h o  p e r  *uriret 

Prcn t h o  Roector Safe(3uard C a m i t t e e  Report. 

. Adhiticnnl a c t i r t t y  duzlng run-auay burst ' 

0.02 1 

5 8tbadypovar = 2.75~10 1M 
11 0 

Fos t h o  2 x LO calor10 oxploslm, l n t e p t a d  burat = 0.3 x 10 XU aec. 
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' whish 0.02 curioa/kg la the gc 
and 0.002 c u r l o e / u  le ~ 1 4 ,  

o t o t e l  act iv i ty  in a unit : 

In 
80 
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U mquiro 130 b y e  decay tlme 
t h e  polmiaelble penaanent linl 
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APPENDIX (C ontlnuod) 
U L  L -*-A. -L .-... 4.- 

Rote on leachina of o c t l v l t y  f ran tho ground 

Wherever contanlnatlan le l a i d  d m  by an ac t ive  cloud (burn-~~) or by t h e  
phGloal e j o c t l o a  of mactor material (blow-up), there a x i a t s  tha poeelbll- 
i t y  af leachi% of auch a c t i v i t y  Into potable water a o u r c o ~ .  In a l l  oxcapt 
the blm-up caso, UAIB effect I s  probably low ccrnpred with the priPary ccm- 
taxalnatlon of water. 
m d  f i l t r a t i o n  water egetema. Low-level, long-cmtlnued =tar contamin- . 

-- 

It ccn be crudely astinatad fran the data given for 

atim of thl8 t y p e  vi11 bo diecuesod i n  Pes 11.- The ~ e n a r a l  Hnnford opernt- 
ing experience has been thnt vhenaver an area le aocldsntally omtaminatad, 
it in Virtul3.y b p o e e l b l e  t o  m o v e  the contamination by coplaus ~ a h i n g  
(exception: uranin). Converaoly, if om vants the a c t i v i t y  t o  rmPain i n  
pplacc, acme fract ion of it vi11 bo tramported by aae mschanimn or another. 
Thie gloany philo~ophy ehould be applied by t h o  reader to the subject cam.  

Hde on tho acute t o x i c i t y  ai inhaled plutonium 

Por the rat, Ab-, a t  e l  (33) report 

d O d b a m  ' a 10 26 93 €% 
hose I . -  
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