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HW-14058

BAZARIS QF WASTE STORAGE AT BANFORD WORKS

PART I

{gspeculations on the hazards involved in the accidental dissemination of waste
m-teriels at Hanford Works are required for all foreseeable circumstances includ-
Jing enemy attack or sabotege. Due to deley in obtaining data on the potential
effects of bambing on waste storage tenks, the report has been held up beyond
-4the anticipated deate. It is therefore being prepared in two parts of which this
§first part is concerned only with potentiel disaster to the nucleer reactors.
iJFran the nature of the process, these are major waste storage units.

d#Separations proceass waste stored in buried tanks or octherwise will be c?nsidered
iflater. Preliminary speculations on this topic have been given already 1 , and
11t is not anticipeted that much improvement in this phase will be effected.

41In ell cases, it i1s not expected that numerical conclusions will be valid to a

ffactor of two, but they should be reliadble within a factor of 10. This is the

festinated accuracy of the excellent British reports of the Plant Location Panel,
which have been extensively used in this campiletion.

4This report ie & Joint effort of the steff of the Bealth Instrument Divisions.
#In particuler, F. G. Tabb is responsible for the calculations of fission yield,
and Dr. H. A. Kornberg and Dr. R. F. Foster for the principasl genersl biological
end aquatic biological deta, reapectively.

1l. Storage of Redicactive Wastes in & Henford Nuclear Reactor

In en assumed average operation of 200 days et 275 MW, & Henford reactor will
contain

Waste 584 megacuries of fission products
220 metric tons of uranium

200 megacuries of neptunium
Products in
2.7 x 107 grams of plutonium

By logerithmic clesses of half 1lives, the fission products are divided thus:-

T% 0 - 1 day 1l - 10 days 10 -100 days >>100 days
Megacuries f.p. 443 T0 70 1
Masz of f.ps. (gms) 46 274 1408 2442
' SEnm——-
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The total mess of flssion products approximates 9 lbs; fission product release
gram en etamic bamb 1s said to be 2 lbs., with & presumed activity of 10,000
gacuriea.

e decay of the total fiseion products is specified by

" rime (hrs) 0 1 | 2 5 10| 24 | k8| T2 {120/2k0(480 | 720

Megacuries 584 | 398 | 339 | 277| 230 176 | 143 ] 124 |105| 80| 56| 43

|

|This 18 compatidble with decay laws

“

Activity = constant  for the first 5 hours
0.
5 (time)
ACtiVity < constant thereafter.

(time) ™"
'EThe decey of atamic bomb fission products follows
Activity =z constant

(time)i-2

‘After a few hours, the relesse of all the activity fram the nuclear reactor would
ceed that fraom an atamic bamb at the equivalent time. The hazard ieg at all
.. Jtimes greeter in the present case, because of the higher relative content of long-
lived fission products.

The initiel activity of certain ey fission products is

Isotope Megacuries
Sr89 €.85
sr90 0.09
RulQ3 6.9
Ful06 1.49
Tel3l (— 7132 6.45
1131 6.45
Iigg 10.35
I 13.6
celd 2.0001
cet37 0.0008
celtl 11.9
collh 0.0008
oo /
o
-3-
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2. Circumstances Producing Uncontrolled Release

These have been discussed in the A.E.C. Reactor Sefeguard Committee report
"Review of Certain Henford Operstions"(2). The reactivity of the Hanford
reactore is adequately controllsd under &ll foreseeable conditions except
the following:

1.

Plenned shutdown without addition of poison

After the decay of the natural peison Xel35, the unit could becams re-
active. It will be assumed that such an opereting error is inconceivable.

Loss of water in one tube #

If accampanied by failure of the safety devices, the metal in the effect-
ed tube would melt end be ejected with en accampanying minor steam explo-
sion. The mapagement of the e jected 0.45 megacuriee of fisslan products
would be a sericus locel problem. If the reactor were then shut down,
access for addition of poison might be denied, if the final disposition
of the activity prohibited the rapid dumping of shielding materiel upon
1t. An explosive run-eway 1s not visuzlized in such a case.

Total loss of water

The loes of cooling water increases the reactivity of the unit by about
850 in-hours, which can be held by the verticel sefety rods (1700 in-
hours) or in emergency by the third safety device (1800 in-hours). An
uncontrolled condition requires the concurrent failure of both safety
mechaniems. This ie visualized to be possible under three circumstances:-

(2) Earthquake
There is no history of earthquakes in this regian of sufficient in-

tenaity to disrupt the water supply to the reactors and to damage the
sefety mechanisms. Nevertheless, there are records both in the west-
ern slopes of the Cascade Mountains and in Montana, of earth move-
ments not significantly below that reguired to produce such deamage.
The relatively short recorded history of the Pacific Northwest casts
legitimate doubt on the permanent stability of the units against
eerthquake. This ies the one pleusible case in which all the reactors
could be effected simultaneously. This extreme case has not been
developed in this report.

(v) Enemy bambing
The Division of Biology and Medicine reports information from the
National Militery Esteblishlment to the effect that slthough the re-
actors are considered relatively invulnerable to bambing attack, the
slab construction of the mein shield leaves saue possibility of dise-
ruption of the shield. ZEvidently an enemy ettack could, by chance,
demolish the vulnerable safety mechaniams, and damage the water
supply. Advence warning of & few seconde only would permit safety
io be assured by insertion of all rode. Subsequent bambing, even
with disruption of the unit should not lead to & runeway conditicn.

*Tho PLP roporte adequately discuss thﬁ case in which the ejected metal from
one tube burns.
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Bambing should hold & low priority in the foreseeable hazard pattern.

(c) sabotage
Sebotege by an enemy agent or by an unbalanced person intrinsically
loyel to the United States appears to be the outstanding potential
hazerd. With two or more persons in collueion, the risk of detection
would be negligible. There is no point in elaborating here on the
feesible sabotage msthods.

The general picture 1s thet of rupture of the water supply, togethsr with
lateral motion of the resctor sufficient to close the thimbles to the vertical
rods. The fluid of the third safety device would fail to enter the thimbles,
or the piping to the thimbles would be broken. Deliberete tampering with the
safety mechaniems is an altermate to the lateral motion.



The Uncontrolled Nuclear Reactor

3.

The approximately 6 cubic meters of water in the pile can be raised to the
boiling peint in about 7 seconds at normel operating power. The weter in
central tubes would boil in sbout 3-4 seconds. The power level of the
reactor increeases repidly; the excess reactivity above criticel is seeld to
be K, = 0.025 without water. On elementary reactor theory, the power in-
crease after lose of water is

Power after t secs = 020K°t

Steady power

The 250 tons of urenium in the etructure is boiled by adout 101kcals. By
integraticn, this will occur in 13 secs. The actusl course of events 1is

the bolling of the central wanium in a fraction of thie time, with possidly
the termination of the reaction. In any case, the mequence of events is 8o
repid that there can be no substitute contrcl. The reel rate may be effected
by the unknown temperature coefficlent, relesmse of stored energy from the
grephite, release of Xel35 as the urenium melts.

To determine the environmental hezerd, we teke two simplified pictures.

(a) the 2 x 101cal. explosicn

besis: all the urenium just boils = 1.16 x 101lcel.
an equal amount of heet goes ilnto the graphite, eluminum end
other parts.

or: some of the stared energy of graphite (calculated es
2.6 x 101cal. at the present time) is released, thus
terminating the nuclear reaction at & lower integrated
flux.

(b) the 2 x 1010 cal. explosion

basis: the Reactor Sefeguard Committee states that "it does not
seem possible for the metal temperature much to exceed
10,000°© C et the time when the course of the accident itself
disrupts the chain reaction. This temperature will be
reached in & power burst of about 7.5 x 107 EW seconds".

This is equivalent to 1.8 x 10° cal., which 18 insufficient
to boil the uranium. Presumably the given figure refers to
the power burst required tc raise the central temperature
of en unflattened pile to ebout 10,000° C, Alternatively,
very different physical constante have been used for the
metal. This report uses:-

Specific heat of urenium = 0.028 cal/gm a2t any temp.

Melting point = 1150° C
Heat of fusiaon = 13 cal/gm
Boiling point = 39000 ¢
Heat of vaporization = 391 cal/gm

C—
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Apalysie of the 2 x lO calorie explosion

Primery Effect 11

All the uranium boils and approximately 1.5 x 107~ cal. goes into the hot
gss bubble. Thile is equivalent energetically to an explosion of 150 tous
of high explosive. The nuclear reactor will be explosively shattered, al-
though this is probably minimized by the heavy shlelding. More probadly
the hot gases will be ejected violently fram each of the reactor tubes. In
elther case we shall abandon the physicel model and proceed to calculate
the behavior ‘- of the gaa cloud as if it '-(gie a regu.lar high explosive de-
tonation, following 0.G. Sutton's msthod

Behavior of the gas cloud 11

The instantaneously generated heat in the cloud 15 about 1.5 x 107" csal.
The initial temperature is probably 4000° to 8000° K.*

Fram PV = RT

- B the volume V after the initiel rapid expansicn to atmespheric pressure is
| $ 7 12

v e« 8.3x 10 x 150 x 10° x (b or 8)x 10° cm3 = 2 or & x 10
25 x 100
The initial radiue = 80 to 100 meters

Note that the mean molecular weight of the explosion gases is taken as 25
for the normel products of explosiocn, and bears no relation to much higher
value in the real model.

The velocity of ascent from the originsl position after expansion is given by

¥ = 158 q

TanFTf3/2 c? o

where V velocity of ascent

g = acceleration due to gravity = 9.8 meters/sec?

Ta = temperature of surrounding air = a- 300° K

Cp = @gpecific heat of gases produced = a.1l/3

P = mean deneity of air over the range = ~ 1000 sn/me‘t.ex3
c = generalized diffueion cosefficient =

~ 0.2 (meter)l/8 or less.
index of turbulence = 1.75
height in meters above original expenaion location
e 2 x 207

T

o F

* Sutton's formal calculstion will alwaye glive 3000° C as the temperature.
We take & higher value because 3000° C would not start & cloud of uranium
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S 3?fz Height above Vel. of escent

% neters ground (meters) meter/sec
Ry 200 A 300 90
% 1000 ~~ 1100 23
_ ) I 2000 A~ 2100 12
N . J. 4000 ~ L4100 6

Y'; The average wind speed in the Eanford region ie

Height (meters) Wind speed (meters/sec)
1000 5
2000 7
3000 9
1000 11

'R;«

R
. The cloud is pictured to rise until the velocity of escent is camparable with

"R the horizontal wind velocity {perhaps cne half of it).The subject cloud risesto

3 3000 to 4000 meters, say conservetively 3000 meters. The main uncertainty

‘#7 4in the calculation is the appropriate velue of C, which is & function of Z.

[ S

¢ = (0.17 — 0.042 1log,, Z) (meter)>/8

Perhape .an averege velue of C between Z = 0 and Z = 4000 1is applicebdle.
Thie would send the cloud higher, and we take the conservative low value.

Activity in the cloud

The cloud contains M = 584 megacuries of fiseion products. It moves
horizontally with velocity 9 meters/sec. Under average conditions of tur-
bulence, the maximum concentration et the ground is

3
9;9%§§ curie/meter”, where r_ meters is the distance fram the

0
To cloud center to ground.
Over level terrzain, max.conc., f.p. = 1.6 Pc/liter
similarly  max.conc. Pu = 7 x 1070 pg/liter
mex.conc. Ny = 0.5 Pc/liter
max.conc. U = 0.6 pg/liter

These concentrations occur at a time, t secs. after the explosion (strictly
after the ascent) given by
T

t = -%_ 2 r02
3 c?
vhere U T horizontal wind velocity (meter/sec)
‘ If C = 0.2 (ground value), t = 5200 sec. = A 1} hrs.
Tt ] If C = 0.02 (at 3000 meters), t = 73,000 sec. =~ 20 hrs.

Thg'probable value is about 5 hrs.

’ alllilie
-8-
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-~ R The corresponding distance from the reactor is <~ 100 miles.
‘;ﬁ Additicnally, the activity after 5 hrs. hes decayed to approximately
ol cns half the initial vslue.
E?; As & man etands at & point 100 miles fram the reector, the cloud eub-
B - gptantielly contributes ite activity to him in 1l minutes.* The time
g variation of concentration at the ground is shown in Flgure 1.

¥

1

R . .
J=& If the everage energy of the fission -products is 1.7 MEV, the integrated
dose (neglecting scatter) is:

' 310 (pc/liter) sec. x 1.7 MEV rep : 0.075 re
(o 2 x 3600 sec.

% Phe variation of activity outwards fram the center of the moving cloud at this

; NS time ie
¥ Radius (meters) o 1000 2000 3000 14000
- Concentration guc/liter) 2.9 2.5 1.3 0.6 0.2

o The gemma-ray camponent camee fram a range of - 300 meters which includes

zones of higher concentration then at the ground. This is a amall factor,
and we can write

Dose - 0.1 rep

The width of the cloud in Sutton's arbitrary definition is terminated at
points where the activity is one-tenth of the central activity. The sub-
Ject cloud has & width of 7500 meters et 100 miles from the reactor. It
will be noted that significent cancentrations cen occur at points well
beyond the convention=l bounderies of e redicective cloud. Also, in a real
cese, the effective width et 100 miles will be greatly affected by wind
shear. We shell elaborate the effect of meteorclogical variedbles for e
much more dangerocus cloud later.

Inhalation Figures

Assume 17 liters/min with 50% retention

Fiselon products - deposit ki‘Pc - initial dose-rate 40 mrep/day.
no asignificant hazerd if material is absorbed

fram lung.
Plutonium - deposit & x ZI.O'3 pe - no hazerd.
Neptunium - depoait k4O pc - initial dose-rate 20 mrep/day.

formation of Pu insignificant.

s

/Uranium - deposit 4O pg - 1inonocuous.

* Neglected throughout is the normelly lower wind epeed near the ground;
exposure time could be ebout twice -the calculated velue.

9
1082180 U



x¢?ﬁduntainoue Terrain

B%. 7 the ground elevation rises away fram the reector, & more significant hazard
; oan be encountered at these intermediate distances. In Hanford terrain this
48 insignificant for the present high cloud. For reference, the central

8% rission product cancentration ie given as & function of distence, together
L3P'with the width of the cleoud, fram which the concentration at eny distance and
oy - any elevation above the basee 1lins can be estimated.

Distance (miles) 0 10 20 4o 60 | 80 | 100
Centrel concentration| 2 x 105 3000 270 L5 15 7 3
Qxc/liter)
= | First order width 180 1000 1750 3400 4800 | 6000 |7500
. (meters) S R R R B N
econd order width ? 1500 2500 4800 6800
~1Third order width 1750 3000 5900

First order width
Second order width

width to peints of 1/10 centrsl activity.
width to peintes of 1/102 centrel activity, etc.

Second end third order widths probably have poor physical significance, bdut
their use should lead to overestimetes of exposure.

Example:

Fall-out

A men on Rattlesneke Mountain is ~ 1000 meters above the
bage-line of the reactor = 2000 meters below the drift-
line of the cloud, and 14 miles away.

The centrel concentretion is 750 pc/liter and the sudject
point is beyond the fourth order semi-width ( = 1250 meters
below drift-line). The concentretion is below O. O754pc/liter

The fell-out of particles under gravity will be inconsequential with an initial
high cloud. For example: & particle of specific gravity 5 and diemeter 6
microns will fall only 70 meters in the postulated 100 miles horizontal travel

Rain-out

In the Henford aree, & rain origineting above 3000 meters is so exceptiocnal
thet one can disregard the risk of rain-out of activity within say 40 miles

of the Plant.

If rain-out did occur, it could be a potentiel ms jor hazard.

Sutton estimates from Leicester data that one-eight of the soot content of
e cloud can be washed cut by rain. We invoke two additional factore:-

(1) Typical British rein is obviocusly a more formidadble scrubbing agent
than the Hanford variety.

(2) .The British figure is probably weighted by removal of the heavier

7 particles.

Most of the fiseion product activity will be concentrated

on very small particles, for which scrubber efficiency is low.

<10-
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SR ghall sssume & marimum rein-out of 5%. Initially, a deposition of

0.05 z 58 x10° -

T (50)°

:aia feasidble. At 10 milea, the maximum deposition is -~ 30 curies/sq.meter;
Y .+ 40 miles it is8 ~> 6 curies/sq.meter. Such a deposit gives a radiation
'f‘doae-rate of the order of 100 r/hr. Also deposited would be hOO/mg Pu/eq.meter.
e We canclude that & rain-out could produce intolersble conditicns at sporadic
igilocations up to 100 miles or more from the reactor.

~r 1000 curies/sq.meter

34

# Apalysis of the 2 x lOlo calorie explosion

¥ Primary Effect
B Canputed for & flattened Hanford reasctor, and this time assuming all the heet
B goes into uranium heating, the distribution im arbltrary classes will be:-

5 central tons boil
55 tons at the boi%ing point
4O tone at ruz3700° C :
L0 toms at A~ 2500 C
55 tone Just melt

55 tons Just fall to melt

. e SR WY GBI ANITR, s A
1 ol

" Behavior of the cloud

A/ 3 x 109 calories
~Ar 4ooo° ¢
20 meters
13 meter/sec at 200 meters

3.3 meter/sec at 1000 meters

Heat in cloud
Estimated tempersature
Expanded radius
Velocity of ascent

Cloud rises to ~ 800 meters.

Activity in the cloud

The cloud contains A~ 20 megacuries of fission products, 4.5 metric tons of

; uranium, 6 megacuries of Np, and 800 gms of plutonium. Under average con-

; ditions of turbulence, the maximum concentration at the ground is ~v3

: f.p./liter or 1.8 c/liter, corrected for decay. The cloud moves horizon-
telly with velocity ~ 4 meter/sec, and touches the ground at times between
L0 minutes and 5 hours, depending on the assumed average value of the diff-
usion coefficient C. A reasonable value is C = 0.1 (meter)!/8 . The time

! of maximum concentration at the ground is then 1} hours after the ascent,

end the distance is 13 miles. Figure 2 shows the time variation of concen-

tration et this point. The integreted exposure is 550 (pc/liter)sec., and

! the estimated dose = 0.25 rep.

-11l-
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2 Fission products

deposit 80/.10 - initisl dose-rate 70 mrep/dey
no significent hazerd anticipated

prlutonium - depoeit 3 x 10-3lgg

FNeptunium - deposit L0 Jc

Uranium - deposit 20 /ug
'i’he ratio of these deposits differs frum the previocus case for two reasons:

. (1) different relative concentration in the central reactor tubes
°r (2) different decey time of fission products.

i?or general interest,the structure of an instantanecusly generated cloud
bes been celculated with the following assumptions:

. .. Height of center line < 800 meters
: - Velocity = L mster/sec. 1
: : Cx (downwind) = Cy (crosewind) =, 0.2 (meter) /8
Cy (verticel) = 0.12 {(meter)
Total ectivity, Q < 1 curie
: Concentration, X in }xc/liter.
: time, t 1in secs.
r The curves of equal activity are,of course, true elllpees in the vertic

plane and circles in the horizontal plene. (Figure 3).
Mountainous Terrein
In this case, persons on either Reattlesnaske Mountain (14 miles) or on Saddle
: Mountain (9 miles) could intersect the exls of the cloud. A representative
time 1s 4000 sec. Q = 20 x 106 x 0.65 (for decay) = 13 x 106 curies,

X = 13 x ].O6 x 3.7x 10-7 Pc/liter < 5/.1c/liter.

The integrated exposure is A 2000 ( c/liter) sec.

Appreciable contamination of the mountain slopes would occur. The peculiar
elr currents over such ridges distort the polluted air stream, and cantemin-
etion could occur on the far slopes.

j Rain-out
The naminal maxirmum deposition is Av 800 cu.riea/sq. meter. The value falls
to A 1 curie/sq. meter over the upper Wahluke Slope (5 miles).

Release of Activity fram residusl molten metel 10
The "Jjunior atam bamb” cloud sc fer pictured in the 2 x 10  calorie explosi
is the minor heazard component. Left et the site ies & mass of molten uranium
agsumed not to be sucked up as the small hot dubdble ascends.

gl
- -12-
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frhe boiling points of the fission products are:

B A o . L o
§Element BIP. T Element | B.P. C . Element | B. P. C
° ﬁ;::

< Ae 615 (subl.) Co 3300 Xe ges

. Se 688 Mo 3700 Ce 670

! Br 58.8 43 > 2500 ? Ba 1140

" Ky ges Ru > 2700 (vol.?) le 18C0

2. Rb 700 Rh > 2500 Ce 1400

sr 1150 Sb 1380 Pr = 1000

: 2500 Te 1390 Nd > 900
' § Zr > 2900 I 184 61 > 1000 7

'iﬁe now celculate that LLO megacuries of fission products will evaporate fram
1 he arbitrary metel classes above. This initiestes a cloud whose initial
iheight 1e camparable with that of emoke from a hot fire. At distances not
'too close to %R? reactor, the height will be inconsequentiel. Consider an

%~ average Cass

D D e R e e S e ek LI % U TSN

875 where C = 0.2, m = 1.75, wind velo. U = 5 meter/sec

2 X Quc/liter) . 2 x L4.Lx 100 5 6o x/f;:zf,/”
s . . ll 5
i T x 0.008 x (5t) 0.0k x (5t) 7

where 2 is a ground reflection factor, and other terms are obvious.
X =120 pc/liter at 11 miles { = 1 hr)

R T YT e re U

-

: 80/pc/liter, corrected for decay

s e

Integrated dose as cloud passes = ~ L re

f During en inversion (Sutton's bad case) assume C = 0.1, m = 1.5, and
U = 3 meter/sec.

X T~ 3x 10“ Pc/liter at 11 miles

Integrated dose = A~ 1200 rep

Whereas Sutton's equetions are well known to give relieble results for the
average or zero-lapse rate case, there is reason to doubt the applicebility

v

to the marked inversion or bad case, in which the constents are rather dubious-

ly related to physicel reelity, and wind shear is neglected. We choose an
arbitrery model as alternats.

Assgme the initial cloud has the dimsnsions of the resctor.

Concentration = 2.5 x 108 }zc/liter.

-13-
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(E)Hanford meteorological dats shows dilution during
L
inversion = 10 at 1.2 miles.

i . Cone. = 2.5x 10l‘luc/liter

. sutton's data shows dilution = 20 between 1.2 and 11 miles for the bad case.

- - X

1.25 x 103 po/1iter at 11 miles.
SO/uc/liter, corrected for decey.

Integraeted dose = A. 60 rep. (cloud size ig different now)

Let us weight these two cases, and write

Integrated dose in inversion = A~ 400 rep at 11l miles ¥

e 4

This epproximates the human lethal dose, end in view of the uncertainties
in such calculations, it fully substantietes the conclusion of the Reactoer
Safeguard Cammittee that the whole Wahluke Slope (radius ~»10 miles arcund
the reactors) 1s unsuited for settlement.

This is done on the basis of the externsl rasdiation elone. Presumably far
worse is the inhalation hazerd. The camputed depositien is A~ 100 - 200
millicuries! The corresponding initiel lung dose-rate is a few thousend
rep ver day. The highly speculative integrated dose in one month 1s & few
tens of thousends of rep. Such e cloud is conceivably lethal at distances
up to 50 or 100 miles, and almost certainly demeging in this range.

Deposition of active material from an active cloud contiguous with ground

With the limited library facilities at this site, we were unable to develop
theoretical date on the feasidle deposition aon the ground as & cloud of partic-
ulate matter sweeps over 1it.

We resort to three "wild" methods fram the Benford experience, together with
industrial pollution data.

(1) Emission of long-lived fission products

For the first three years of operation at Hanford WOrks, the concen-~
tration of fission products (excluding Xe, Kr and I) in the stack of
a Separations plant was A~ 10‘8 to 107 pc/liter. Feasible average
concentration at & point & miles away cennot exceed 10-13 to 10-1
pc/liter at ground level. There is agreement between the data of
Church and Sutton on this. It aseumes a usually 'bad' case, and the
wind in one direction continuouely,.

Take 10 l%gg[liter a8 the representative concentration.
The vegetation contamination at this time and place was

A 0.0L ‘uc/kg. }excluding I). The vegetative cover
approximates 2 kg/sq.meter., The practical deposition rate D

\-~_——‘

¥ This would agree With a Sutton calculation for initial cloud height =

A~ 100 meters and accurate reflection factor

1082189
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for cloud concentration

13

1 pe/iiter = _107° x 0.01 x 2 Pc/sq.mater/hr.expoaure.
3 x 365 x 2k
. . 6
. D T 7 x 10 Pc/aq.mater/hr.

S It - ¢ i v NI

This agrees with the calculetion at 2 miles.

(2) Emission of 1131 L
By similer methods, D = 10 Fc/eq.mater/hr et 6 milee

6 .
. and D =10 Fc/sq.meter/hr et 30 miles.

essuming that the observer who samples the vegetation effectively
locks at the average deposition within the last two weeks, as & result
of radicactive decay.

(3) Emiseion of discrete active particles
Bere the celculation hinges on & count of the number of radicactive '
particles per liter of air, and the number depcsited per unit area !
of & horizontal cetching freme in the same time, both observations
being by radioantography. In & typicel cese, ebout 2 miles fram the

stack D = A/10% perticles/sgq.meter/hr per unit concentration.

(4) Atmospheric Pollution '
In measurements in New York City, the everage dust concentration in '
the air was 1.7 mg/10 c.meter, end the deposition rate was~50 tons per
8q.mile/month.

Hence D = 1.2 x 10° j8/eq.meter/hr for l/ug/liter

The concentration 1.7 mg/10 c.meter ie nown to correspond with
0.3 million particles per c¢. feet., The range of concentration

in many principel cities is 0.2 to 10 million perticles per c. ft.
in short time semples. The reported deposition rete (longer term
semples) ranges fram 25 to 190 tons/sq. mile/month, (Washingtan,
D.C., and St. Louis, Missour!t, reepectively). These ranges are
compatible with the value D o A, 107,

We shall assume that D = A/ 10° pc/sq.meter/hr for cloud concen-
tration of 1 uc/liter. This figure may be in error by a factor

as large as 100. On the whole, the agreement between the quoted
results for e fine serosol on vegetation, iodine vapor on vegetation,
radiocactive particles on prepared surfaces, and for normal industrial
pollution are surprisingly coneilstent.

g Typical depositions will be

e (a) fram the 2 x 10 calorie explosion cloud a10 Pc/sq meter at
. : 100 miles
e
=15~

1082180 I



¢

ﬁg 4 | | ‘Lwh_.:«wﬁ.—
£
i
[
{
i
:
4

Y OLOQNTIT O HW-14058
-16-
0 4
(v) frcm the 2 x 101 calorie explosion high cloud ~/ 10 uc per
sq.meter et 13 miles

10 .
(c) fram the 2 x 10" calorie explosion low cloud A 50 curies

per sq.meter at 11 miles

Fate of the molten metal

The residual 95 tons of uranium novw conteins 51 megacuries of fission products.
Scme writers have visualized such material running down to the river, and pro-
ducing gross contaminetieon., This appears most unlikely. If it 18 ejected
violently it will have large surfece area. If it cascades frcm the reactor
most of 1t will be trapped in the pite around the unit, even if these are fill-
ed with discrete pieces of the structurc after the explosion. We shall censid-
or the naive mocdel of the molten metal cascading fram one face of the roactor
et en average temperature of 2800° K. The initisl area will be & square of
side 12 meters, end we assume a comparable erea maintained. By Stefan's Law,

the rate of rediative cooling is:

. N i
Tempereture °K % 2800 .] 2500 2000 ; 1500
i ! *
4T \ ]
/1;: (% per sec) 27 [ 17 ; 7 l 2

The estimated cooling time is ~’ 3 - 5 minutes, insufficient to psrmit
significent travel of the fluid.* The cooled metal presente a local hazard,
but the contained fissian products can escape only by surface oxidetion
and weathsring, This can be controlled.

Accidonts leadinz to dieruption of a reactor accampanied by firo.

In any accident which leads to exposure of molten metel to the atmosphere,

it is bclieved probaeble that the metal would ignite. Considor the case in
which the reactor is laid open by the primary evont, and the 250 tans cf
urtnium and 2200 tons of grephite burn. The rate of cambustion will be so
much & function of the local conditions that the ccmbustion time cannot be
ccmputed. If the graphite 1s initially dispersed into particloe of die. 1 cm,
and tho initial temperature is 2800°, the cambustion time is as 4000 sece. It
is roasonablo to sssume that the postulated fire will burn uniformly for at
loast two hours. The meximum environmental hazerd will then be indepondent of
tho actual timo of cambuation, and cen bo camputed from Sutton’s equations for
diffusion of emoke from & centinuocus point source.

Expcrimcntally, molten motal (morcury) ﬂchs ‘toward the river st 30 f£t./min.
in 2 layor of campercblo thicknoss. ]

ooy

L
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’Knvircnmental hezard of cambustion of all reector metoriel
' Tho rolovent oguetion is b/ g

X (Pc/lltor) 2 (for refloction) x 1000 (cc/litor)xQxe CZZ =

¥

7 CyCzU xJn

I ground concontreticn at distanco X mctors

5
o
]
[~}
P4
'

omission reto = ~ 8 x 1oh curioe/scc (for 2 hours)

O
"

Cy, Cz, m,as usod bofore

wind velocity = k.5 moter/scc.

[
"

[
1

hoight of sourco above ground (motors)
The eppropriato valuc of z 1s unknbwn, probebly of the crdor of 10C metors,

If z 50 motors, X will diffor frem tho voluc for z = O by less
then 10% for X > 4000 moters. As wo arc primarily intercstoed
in the hezard at great distences, wo shall take 2z = O.

Atmospheric Stebility

- Avecrage caso Bad caso
1 g
Cy = 0.2 (motor) /8 0.15 (motor)
1
cz = 0.12 (moter)~/8 0.10 (motor) /8
m = 1.7% 1.5

Choico of wind spced

Although wo calculate formally for 2z = O, we plcturo z as A 100 motors.

The wind spoeds at T foot and 200 foot above ground arc tabulatod

-17-
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PERCENT FREQUENCY OF WIND SPEEIS

: n?1_ Wind Speed Claes Intervale (mph) et 7-ft. Level
B 6-3 J5-0 110-16 1 15-19 ] 26-2% 1 25-26 1 30-36 | 50 or. >
L.
tquarter 53 | 37 6 3 1 L 0 0
"EAtquerter 21 | 95 | 13 4 1 L 0 0
2 Quarter 32 51 13 3 1 L 0 0
R Querter P, 33 8 3 1 L 0 0
By een b2 L w0 3 1 L 0 0
N AR Wind Speed Class Intervals (mph) st 200-ft. Level
' -,« “10-3 -9 10-1k 15-19 20-2L 25-29 30-39 | 40 or >
: ‘fbmrtcr 27 | 32 21 11 5 2 2 L
S Quarter 8 | 41 23 15 8 3 2 L
‘Brd Quarter 11 L2 21 1L 8 3 1 L
iBth Quarter 5 36 18 10 6 Y 1 L
liual Mean 18 38 21 13 7 3 2 L

These wind speeds are averaged over periods of one hour, and apply well

to the present case. A wind speed of 1C mph ( = 4.5 meter/sec) is a
reasonable average for the estimeted height of the source. X 1s inversely
proportionsl to U, so that the most conservative case (say 2 mph wind) can
be camputed by multiplying the given values of X by 5.

Cencentration of fission products (uncorrected for decay)

{
Diatance (miles) v 3 6 12 19 30 60
Conc. Averago case [ 160 48 14 7 3 0.8
j f;g, R Bad csee | 2080 | 750 | 270 | 1hk 64 16
Z = 100 1 60 I 80 80 L0 16

First order width of cloud (meters)

| _Distance (miles) 3 ] 6 |12 19 | 30 60

| Averagoe cese 1070 |1970 | 3600 5156 | 8000 15,000

| Bad case 280 | L70 | 800 1080 | 1600 2,700
-18-
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Integrated external dose

: Aspeume en averege avallable energy of 1.7 MEV per disintegrstion

! (chosen to agree with the Reactor Sefeguard Committee's power

§ celculation of doee). The integrated dose ccmputed for & hemisphere
: without scetter correction is: -

Integrated Dose in rep

[ Distence (miles) 3 6 12 10 | 30 60
Ho Average case 135 Lo 12 6 2.5 0.7
decay

Bad, 2= O] 1780 | ko] 230 125 55 15
Bed, Z = 100 1 50 70 70 35 15
Decey Average case 110 30 8 3.5 1.4 0.3
Coysl| Bed,z = 0| 0| k60| 150 75 30
n/sec Il Bad, 2 = 100 1 35| 45 L0 20 7

Values for no decey are included to facilitete recalculetion for wind
speseds other than 10 mph. For speed x miles per hour,

integrated dose =

x
This cloud gives lethal doses up to
is no initiel rise, end gives troublesame doses up to ebout 50 miles.

Inhelation figurees

The reteined amounts in the lung (50% retention) are:

10 (eppropriate value in table) x (decey factor)
A~ 6 miles in the bad case if there

Distance {(miles) 3 6 12 19 30 60

Depcsit| Average 130 36 10 4 1.7 0.4

(mc) Bad, Z = 0 | 1,760 560 180 90 36 8
- Bad, Z = 100 1 L5 50 50 22 8

Tnifial AVeTaEe E.700 | 3,530 510 210 50 20

dose- Bed, 2 = 0 |90,000 | 25,000 9,300 4,600 1,800 400

rate Bad, Z = 100 45 2,300 2,800 2,500 1,100 Loo
h_?en/day

Total

dose Average 52,000 1k,000! 4,000 1,600 700 150

first Bed, 2 = 0 [700,000 {220,000{ 72,000 35,000 14,000 3,000

m?nth’ Bad, 2 = 100 350 | 18,0001 21,000] 20,000 9,000 3,000

rep.
o

-19-
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" rhe crude total dose calculeticn essumes & rapid eliminetion of a further
25% of the inheled emount, with radicactive decay of the rest. Neglected
are such fectors as the failure to rstain gas (e.g., Xe, Kr), and the
repid trensmission of same redioisotopes through the lung wall. For the
ped case, plutonium deposition in the lung is 35, 12, 7, 3, 0.7
6, 12, 19, 30 end 60 miles, respectively. This will ultimately be dameg-
ing at ~ 30 miles. Neptunium deposition is epproximstely one third that
for fission producte.

*
Depositicn on the ground

If D = lOsluc/sq.meter/hr per unit concentration, the ground

conteminetion (fission products) is:-

Distance (miles) 3 6 12 19 30 60
Ground Average 30 10 T 1.5 0.5 0.2
Contaminatiorn|Baed, Z= O Loo 150 55 30 12 3
curies/sq. Bad, Z= 100 0.2 12 16 16 7 3
meter
' |
Initial . |
Dose-rate Average 200 70 50 | 10 3 1
rcentgens Bad, Z= . 07 3000 1000 Loo 200 80 20
per hour Bad, 2= 100 1.5 80 120 120 50 20
|

All these numbers are freely rounded off. For the dose rate from
ground contamination, we have essumed 1 curle/sq meter,~—> 7 r/hr.
This is greatly affected by the self-absorption of vegetation. A
general conclusion is that the ground would be temporarily dangerous
et distences up to A/ 50 miles.

Rain-out

Estimated meximum rain-out is 170, 40, 20, 8, 3 curies/sq.meter at
6, 12, 19, 30, and 60 miles, respectively.

*Calculations ignore weakening of cloud by deposition.

WL

A
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Mounteinous terrain
f———— — —————— g k]

The foregoing calculatians for invereion conditicns ere extremely esen-
sitive to the essumad initial height of the smoke plume. The actual
concentration et ground level on & true horizontal plene is conjectural.
However, the initial rise cennot exceed & few hundreds of meters. The
locel terrein (Figure L) 1s such thet the plume could intersect the
ground at distances A 6 miles., The given valuses for the bad case with
Z = 0 would apply. Some dilutian must occur in the primary ascent,

but this will be an incalculable function of the rate of ccmbustion and
the geamstry of the fire. A fector of 10 can perhaps be epplied. Con-
ditions on the Wahluke Slope can then be computed fram the above data.

DR AETEPTRR BT o 2 Y g

g[ Circumstences leading to Columbie River Contamination

“ 5o far it bas been considered that all the available energy will be used up
- a3 heat. Undoubtedly, sams will go into physicel disruption of the unit, and
ejection of all sizes of particles fram chunks down to submicron size.

The most naeive picture ghows all the reactor material spread uniformly in e
circle of redius x feet about the reactor P.

Let p (feet) = perp. dist. fram P to the far bank of the river

R A
: P 1 9
{ A
! v v
\ . P /
‘\
\
Figure 5
end g (feet) = perp., dist. fram P to the near bank of the river.

The area of the circle between the parallel chords is:
= 2. .2 -1 i 2 _—1
P/?Q -p - x " sin 9{"‘ 9,/¥ —4 - %2 ain Y
The retio of thie to the whole area of the circle is

," Aér_xz

A
~21-
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d x

i.e.: if x -vfzg“"‘ig“
P + g

A (mex) = 1 -1 ~ sin~t
i ?(Bm 7o T %)

Representetive velues for easch Hanford reactor are:
P = 3200 and q = 2000, vwhence

Maximum fraction falling in river = 0.145

 —————=

We now elaborate the model to the Jericho Case, in which we picture the re-

? ector shield wells to fall down, and the upper hemisphere of an assumed

. sphericel reesctor to be initially projected radielly fram the center with

equal force in all directiocns. The radial elements are assumed to break up
efter the initial velocity is established. We further assume that 10% of

the maximum possible energy 2 x 1011 calories goes into energy of motion.

Cn this simple model, the maximum range is A~ 1000 meters, camparable with
the worst value of x 1in the previous cese. The trajectories of ell parti-
clee end the ground pattern of conteminetion can be ccmputed. This pattern
can be approximately fitted to & curve of the type

Contamination per unit aree at radius r = A ehb r
in which the constants are related by:-
lw
2.2
Totel activity in helf the resctor = A e x2 rdar = /&
0 B

The fraction of ectivity thrown into the river cen be calculated for various
"reasonable" velues of b. Such integrations show between 2.5% and 7.0%
in the river.

We postulate that in e 2 x lOll celorie explosion most of the fission products
will ascend in the primary hot bubble. Conversely, the 2 x 1010 calorie ex-
plosion has insufficient energy to give maximum coverage of the river. * We
shall assume that not more than 1% of the total activity is directly thrown
into the river. This is A~ 5.8 megacuries of fission products, and propor-
tionate emounts of othsr activities. The active particles will fall at high

+# These calculatione are admittedly crude. A firmer opinion is being

sought from campetent experts in exilosives.

/ -22-
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velocity on the eimple model. If highly pulverized, much could escepe upwards.
We shell assume uniform mixing of the full quote thrcughout the depth of the
river in & strip epproximately 4000 feot long.™

Width of river
Effective length
"Average flow
Average veloclity

Volume contaminated

1200 fest
~~ 4000 feet
120,000 c.ft/sec.
As 3mph = L.4 ft/sec.

8.2 x 107 c.ft. = 2.3 x 10° liters.

Concentration: -

Fission products =~ 1l.h mc/1riter

Plutonium - N O.llug/liter
Neptunium -~ 0.5 mc/liter
Urenium - ~ 0.5 mg/iiter

Alternate method of contaminating the river

This refers back to the cese of burning of all the reactor materiel. Under
inversion conditions, it is feasible for the smoke plume to drift toward the
river, and then be ceught in the peculiar eir stream which flows down ** the
Columbie River and 1s directed over the bend of the river by the White Bluffs
cn the far side for about 20 miles. Take the simple modsl in which the plume
is centered over the river at & height of 100 meters (reactor is 25 meters
ebove the river). Assume that the deposition in the river is the same a&s that
celculated for the ground.

Deposition rate = 12, 16, 16 curies/sq.meter at 6,12, end 19 miles.

The average deposition across the river (360 meters) can be calculated
frcm the knmown cross river pettern of the cloud,

Averege deposition = 0.7, 0.8, 0.9 at 6, 12, and 19 miles,
Axiel deposition

Totel contaminetion = < 0.8 (6xlh -+ 7x16) curie-miles/sq.meter x
5.8 x 105 sq.meter/mile = A, 90 megecuries

*Most of the fission product material is expected to be oxidized. These
oxides are normally insoluble, but et low concentration the solubility
product is exceeded, and the material is postulated to hydrolyse.

**or up the river

-23-
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Colcnel Holzman(e) estimates that oxides in the hot bubble of the atamic¢ bamb
cloud agglamerate to particles of diemeter 6.1 pu. Assume this happene in the
cooler fire considered. Assume thet ell the particlee in the present cloud are
pormel inactive particles uniformly coated with an active leyer 0.1 /n thick.

Fission product oxides have specific grévities between 3.9 end 6.9.

5 gn/cmd

mean cerrier material density = 2.5 gm/cm3

Assume mean coating density =

! For eny coated particle of final redius r microns.
Active mass =

0.6 (r -~ 0.1)
Total mass

to 2nd order

2 4+ 0.3r ~0.3

Vi i e

0.6
r ﬁ— 0.3

ectivity es a function of particle size is now calculated
date, assuming seme distribution applicadle here.

to lst order (good if r>l}1)

" The distribution of
from the Alemagordo

Relative Estimated Active mess
Diemeter number of Relative Total mass Relative
B Particles Mass Activity
0. - 3.3 58.3 98 0.75 73
3.3 - 4.7 0.94 60 0.26 15
k.7 - 6.6 0.55 110 0.18 20
6.6 - 9.4 0.10 50 0.14 T
9.4 -13.2 0.07 T4 0.11 8
13.2 -18.7 Q.04 120 0.08 9
18.7 -26.5 0.008 83 0.05 4
Coarse grains -- -- v.low -

(7)
The rate of fall of particles in eir (Bagnold's date corrected to dens.5)

ige:~

Diemeter| yeiocity | Fell in 5 hrs.| Percent Cloud #

Ja meter/sec. meters content falling
-2

9.4 2 x 10 300 5
6.6 5 x 1073 100 50
3.3 | 8x 1o*ﬁ 16 8

Al | 2 x 10° L 2

*Celculated from vertical thickness of plums, allowing for reflection at

the water surface, but not for vertical pattern of cancentration.
Cloud moves downriver at 4 mph.
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Class Percent Percent Pmﬂnt
Total Activity | Clees Actlvity
s Falling in River .
> 9.4 15.4 15 11.5
6.6 -9.k 5.1 50 2.5
3.3 -6.6 26 8 2.0
1 -3.3 A 40O 1 2 2.0
Total 18

Eighteen percent for the mean decay time is <~ 50 megacuries.

In camparison of the two methods, the first should be adjusted to the
lovwer wind speed of the second, giving A~ 200 megacuries. The agroe-
ment 18 satisfactory. The value 50 megacuries appears more obadble, as

the higher velue is incampatible with t.ho otservad rate of d.iuxpponramo
of fino sumoke near the ground

This activity descends in a peculiar pattern distorted by the motion of the
river. The initizl mixing in the river is probably very low. However,

we shall essume 50 megecuries uniformly dispersed in 215 miles of river.
The avercge concentraticn is 1.1 mc/liter. This is the same as that calcu-
lated for direct dunmping in the river, but the potenticl nuisance is greater
hy a factor of 20 due to the longer canteminateZ strip.

6. Speculations on biological effect on man

Permissible cxposure -- ingestion toxicity

Known to %}\33 writor is no significant irproverent o the serly calculations
of W.Caohn with reapect to the recl hazax? of fission product ingestiom.
Cohn's methods are cdopted, with the curren: more conservative radiation
limits, and occasion=l use of newor bioclogical constants (Margan, Brues,etc.)
where these seen well-founded. .

Fission Products

(a) Lothal dose, LD 50 in 30 davs
Single doce of 1000 rep delivercd to the gut in 2% hour- fram a
single ingestion is given by 4-30 mc, because the rediation at
tho gut w.1ll will be appraximately ono-bhalf that at the center
of the filled tube.

Lothal concentration in water = 4. 30 mc/liter (single drink)

& 10 mc/liter (contamination penin%:‘))

-25-
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If 30 oc fission products are ingestcd, the bone marrow deoposition
may be N 1.2 mc, and tho initial dose-rate A~ kO NP/MI- The
integrated dose 18 4 500 rep. While protably not lethal in 30
dnys, this is presumably damaging. There is a rether cloee balance
betveen the gut rcdiation and the skelotal deposition as tho prin-
cipal damaging agent. ®

(b) Pormissible Emergency Concentretion for 1 day

Gut demage - assume 100 rep (camparable with fluoroscopy) is
insignificant.

Permissible emergency concentretion = -3 mc/liter (single drink)

= o 1 c/liter (for 1 day)

Deposition in bone murrow - as the fission productas age, the

relative concentration of dangerous long-lived products,especially

those prone to decposit in bone increases. Assume 100 rep (inte-
gratod dose) to the bone marrovw is toleradle. Permiasidle
emergency concentration (30 day material) = 4,2 mc/liter (single
drink)
= & 0.7 mc/liter (for 1 dey)
(o) Permissidle emergency concentretion for 1 year

The values according to K.Z. Morgan( 9)can be ad justed with the
nev radiation exposure limit to -

Permissidlo emergency concentrationm = 1 uc/liter (far 1 yoar)

This is higcher by a ractor a«. 1000 than the planned waste disposal
limit of an ctamic energy installation.

# Appropriate values of LD 50/30 aro rather poorly known. In the animal,

experimentation has concontrated on other modos of entry, or on the trans-

.misesion to other orgzns cof oralﬂ adminiat?ﬁ? material. One value can be
deduced from the ingestion of Y7* by rate . Animals fed 1 - 6 mc lived

until eventually killed by adenocercinoma of the colon. Teke the m=ss of

gut plus contents as 5% body weight (standerd 1 year rat « 280 gnm.).
Bstimated dose = 6000 rep.

?hahll_Ilp(l5)roporta that an X-ray dose of 140% SED (= 42~ 850 r) to the colon
does not produce irreparable damage. The writer estimates that in man, the
LD 50/30 for gut irradiation is 2000 - 3000 rep.

We adhere to the 1000 rep of the tadulations, bocause the higher figure
would probabdbly lead to intolerable depositions in other organs, and while
not a true LD 50/30 it may well be a represcntative lethal doso.

3082!91




Plutcniwa

() Lethz2l dose LD SO in 30 days

Gut as limiting organ receives 1000 rem ( = 50 rep for alpha

rediaticn) fram s 5 mg Pu. '
, . Lethal concentration = ar 5 mg Pu/liter (single drink) '“
Note thet concentrations of the order of 1/3 of this may 4’
depoeit enough plutonium in the skeleton to be ultimately lethal. '“‘é
(b) Permissidle Emergency Concentration for 1 day ] 'E'
The skelotal deposition is of the order of 0.05% of the ingested 3
dose, and the permiesible skeletal depoeition is 4~ 0.1 ug Fu. - ‘
., Permissible cmergency c‘oncentmtion A 200Pg/liter (:::gkl; . .
PV 60/.15/111;01‘ (for 1 day) ::
(c) Permissitle Emergency Concentration for 1 year "H
- Permissidle emergency concentration Za’ 1.5 X 10'2/na/11ter. ifﬁi .

NeEtunium

Lothal concentration  * . 100 mc/liter (single drink)
T A 35 mc/liter (one day)

Pormissible Emergency concentration = Aar 10 nc/liter (single Adrir.. e
' 2 A 3 mc/liter (cne day) -
= A 1/'uc/11ter (for cne year) -

Apparently the neptunium need only be considered separately in a circum-
stance in vhich primery plutonium is absarbed ocut, for example, bty seep-
age through soil, and neptunium is trensmitted. The nsptuniun may then !

& et

became o carrier of plutonium to the skeletan. No case is currently f:
visualized in which this effect would bo significant. e
Uranium
Lethnl concontration (radiation-effect) A~ 6x105 ng U/liter (-mcl; )
drink E

but chenmical toxicity probadbly intervenes at A~ 700 mg U/1iter if the

material is in soludble form. -.'-'}'

* H.amilttm(ls)quotea oral absorption as 0.00T% with 65% going to dbone. B

i.e. Bkeletal dopooition = 0.0045%. Morgan writes skeletal deposition = N
0.03%. We considor this critical vanlue to be inndoquately known, especially
for low concentretions. A.dofinitivo experiment on this is in progrees at
Hanford Worki. Mexnvwhile we use the moro conservative value of 0.C03%.

=3
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Jraniv - centinucd Co. -
Permissible cmcrgency concentration (soludle U cenpounds )
A 5 mg U/litor (single drink)
1.7 mg/liter (one day)
250/ug/liter (for one yoar)

Inhalation toxicity -

Tho inhalation toxicity depends on

(1) retention of particles - we assume 2rbitrarily a primary retention of 505,
wvith rapid removal of cno-half of this which thon prescnts an ingestlon
hazard. Tho residuum is supposed to be eliminated with a bioclogical hzlf-
1ife of 2 mcnths;

(2) trensmission through lung wall - braaine, rubidium, stroantium, ruthenium,
iodino, cesium and bariun, will be nssumed rapidly soluble, and all other
octivo materiale totelly insoluble;

(3) hazard of discrete particles - this will be neglocted hero, although it
is a conceivable limiting hazard.

Fission Products

For sinplicity, tho composition at 2 hours after the explosian will de used
throughout. O0f the calculeted depositions, the percent distribution is:

Lung insol:dble 62%

Lung soluble
bone-seekors 14%
iodine ' 124
others 5%
Gas - escapes %
Lethal deposition (LD 50 in 30 days) T A 20 me.

(cesumes all deposit stuys for one day and gives 1000 reop to the lung
tissue - this is consorvative).

L4

# These vzluos for chemical taxicity of wrenium are taksn from Rochester
Reparts (Heumann, ot al).

10821499
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Fircizn Trodizin - continuce

.
Permissidle coerpency dcposition P.E.D. x 0.3 =,

Such a dcpcait mey send 36 uc rediocectivo iciine to the thyroid gland,
vhere i1t producos 63 rcp/cl'z-{71:1“.1::1}53 but a2 total of 4 80 rep due to
rapid docay of :ll except I1°°* and I . .

Similarly, the 51¢£c bone seckcrs, 1f 50% is retained in bane, \
gives a4/ 0.2 rep/day, for a totzl of A 3 rep.

Appraximite calculntion ag follows:

0.3 mc residos in lung for 1 dry; doee in 1l day

= 62 y Energy per dis (MZV) x devosited emount (mc) = 62x1x0.3 2 13.3 rep
Lung mass (xg). 1.

Thoreafter, 25% of the deposit has been oliminated (ciliary ectiom,ets.) and
A/ 60% of the remainder is lung insoluble. 7The integrated doee in 2 monthe
is 60

initial dcily dose ,‘-%}ut 2 A~ 17 x initial daily dose

00 '
t3

. . additional intogreted dose * 17x62x1x0.%x0.6x0.3 = 79 rep
1.2

Total dosoc = 96,5 rep * A~ 100 rep.
Note that this is conservative on two counts:-
(1) the revieed valuo of 1 rep 1s 93 ergs/gn(10) inetead of the earlier
83 orgs/mm usod horo.

(2) Following Cohn, tho sverage ensrgy por umtocn SAh as 1 MB¥
unloss othorvi;e epecified. From Wignor :nl Vay H-B 82 ve ave ’

Timo Aftcr | Avorago bota onorgy per | Averuge ganm emeryy ‘J
Fission Days! beta disintogzation MEV | per deta dis 1om
10 ~0.35 0.7
100 0.3 0.
Our uso of curie has tho custamury questionable meening z 100

bota disintograticns per sec.

In body tissucs, not all the gamm encrgy will be adearbed. Adout X
vill be absorbdod in gut or lung. We are camvernod with timse ia the
gonoral order of 10 to 200 dajys cn the above times scels.

The avorago encrgy is thercfore about (0.33 « 0.71) se (0.3 4~ 13) MV
- nr 0.9 MEY
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Plutoniun

Lcthal deposition (LD 50/30) S A 2mg 1

——

P.E.D. T A Sp8

This is not much higher than the normal pormissible doposition A 2}18-

optuniun
Lethal doposition (LD 50/30) T A 5 m
P.E D. 2 A l9x
Uranium
Lothal deposition (LD 50/30) = 270 ga.
P.E.D. z 650 mg.

Applicetion of speculztivo oxposurc limits

We have drawn a series of picturos of tho potential air, ground, and rivor
contamination arising fram o reactor explosion. Alang vith these should be
coosidered tho samovhot difforont pictures of the P.L.P. roports. Enough
data has boen included so that the reador who profers sther postulatcs can
dsduce the corrcspanding ccntaminetion. In applying the equally speculative
exposurs limits we shall choose the bod cases, but not nocossarily the varst
cases for elaboration. For exzmple, if the major damago could arise from a
yarticular oxplosicm on a day of .minimm vind welocity, vith the wind in jJat
tho right directicn to put the cloud over tho river, wvith a sevoro rsin-out
at that time, and the river at minimm flow, it will be considsred inconceiv-
adble that all theso disadvantagos should arise simmltanocusly. An excoption
vill be mado for oloud doposition in tho river, whero incazplete mixing of
contaminants with tho water is phymically probdebdls.

(1). Immodioto Effocts of River contaminatiou on man
Table 6-1 uxhibits the prodictod contamination in drinking weter
froam the Columbia River, sudjected to ropreecntative wter treat-
meut. Tho following cssumptions are involved:

(a) 8and filtor beds romove 90§ of the plutoniumm and no other
sotivitics.®

(b) Oround filtration (ro?hn'p systems Jremoves 100f Pu and 90%

¢ This ie ocmomtivo\»?mn sand 1s seid to romove fission products My tde
following schodulo: (13

Time of Contac Percent Ramovel
lmin, 8
13 min. 20
1 hr. 37
6 hrs. 6h
28 hrs. 78

o oD
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TABLE 6-1

Caaparison of Concentrations in Wator Systems with dznaging concentrations

LD-50 . P.E.C. Concentration in
Materiel 1 drink 1 dzy 1 drink 1 dey River (Blow-Up)
TP 30 mc/L 10 mc/L 3 mc/L . 1mc/L 1.5 x
Pu s mg/L 1.7 mg/L 0.2 mg/L  0.07 0.1 pa/L
‘mp 100 me/L 35 me/L 10 nc/L 3m/L 0.5 mc/L
U 700 mg/L 230 mg/L 5 mg/L 1.7 ng/L 0.5 ng/L
Cancentration in Water Distn.System
Direct Sand Filter - Ground Filtrstion
Material (no filtrstion) Beds
FP 1.1 mc/L 1.5 nc/L 0.1k mo/L
Pu 0.1 pg/L 0.01 ,.\%L 0.00
Hp 0.5 mc/L 0.5 mc 0.00% mc
U 0.5 mg/L 0.5 mg/L 0.03
For humans d.rinldng 1 Liter, n-wticn
they will receive of the
- LD-50 P.E.C. 1LD-50 P.2.C. LD-50 P2.3.C.
Material Diroct 5and Filter OGround Filtar
FP 0,047 0.47 3 0.087 % 0.87 0.0087 0.087
Pu o 2x103  3x105 2x 107 sx103 0 5 °o
Np 5110_1‘ 5 x 10 51104 %5 x 10 5::10_5 5 x 10
U 7 x 10 0.1 7Tx 10 0.1 7x 10 o.00
For humons drinking 3 Liter, frectiam
thoy vill receive of the
LD-50 P.E.C. LD-50 P.E.C. LD-50 P?.X.C.
Material Direct Sand Filter ' Ground Filtsr
FP 0.1% 1.h 0.1k 1.% 0.001% 0.1a
Pu 6 x 10 52 1.5 x 103 6x ‘6‘2 1.a20 0 0
Np 1.5 x 10° 0.15 lﬁx 3 0.15 1.5xW0, 1.3x10
U 2.1 x 10 -3 0.3 2.1x 10 0.3 2.1 x 10 0.03
. eanere-~ -}
o e o -31- .
{0872202
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fission products, neptuniwm and uranium.

Tho fooaible oventual slow loaching of activity fram tho filtor beds is
not considered horo. The two typos of explosion coneiderod give initial
strips of contaminctod wutor rospoctivoly < 1 mile and 15 milos long.
With an adequato warning systcn, currently undor dovelopment by the
Disaster Control Camittee, municipal systems could bo by-pcssed vith a
gensrous mergin for expansion of tho strips by mixing and diffusion.

Tho tabulation predicts that all exposures vill be below the rolevant

LD 50/30 by a safe margin. Borderline will be the ingostion of fissiom
products and urenium rclative to tho permissible omorgoncy conceuntration.
This assumes that a2 storsge tank has becn rofilled during the time of
passage of the conteminatod strip. Not only is this unlikely, but also !
the holdup will introduce a useful decay factor for fissicm prodncts
( ~r 3-fold in one day).

If the re=ctor burns up and the river contaminetion is acquired fram the
contaoting cloud, the mixing in the river may be far from uniform. At
low flow, vhen the possible dilution is least, water intakes will tend to
be near the river surface, and the surface-contaminated layer could de
directly drawvn into the systam. If the vater aotivity is assumed 100
times greater than before, the dose is well into the lethal range. At
10 times greater, the P.E.C. is clearly exceeded, and injry would de
anticipated.

.Listed in Table 6-2 are ccommnities, populations, somrces of sanitary
wvater, and the fractional LD 50's end P.E.C. they will receive 1if no
effort is made to have their pumping stations twrned off temporarily.
(This table has been abstracted from as camplete a listing as could de
provided by State officials, of all towns betwoen Hanford Works and the
mouth of the Columbia rinr, using the Columbia River for senitary water),
The oconcluding figurcs are based cn drinking cantaminated water from the
various systems for one day. They may be uniforuly divided dy 3 to find
fractions of 1D 50's and P.E.C. for people taking but coe large drink

(1 liter) before being warned. Longer periods are not considsred since

a supply shoving contanination in excess of 1 po/liter of fission product,
1.5 x 10-2 pc/liter of Pu, 1m,:e/mm- of noptunim, or 0.2 mg/liter of
urenium, a fev weeks after emorgency should be dscontaminated or
abandoned. Table 6-2 includes the decay factor of fission products
travelling downstream, Without such a factcr, the exposurse in all towns
exoopt Richland, for the burn-up oase (ulcuhtod as 10 times the previcus
concentration) would exceed the LD 50/30. In view of the many uncertain-
ties in camputation, we can only conclude that a coritical condition may
arise in the water supply of any downstrean camunity using the Columbia
River, '

#This 1s possidbly optimistic. Anione (nr, %1"‘413 pI uiﬁm (R, Cs)

vill be poorly retainod. .0Of these, -nd Cs , are present
in sufficient yield and lcng encu@ hnlr lire to ne ‘it examrination.
C
-“-
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TABLE 6-2
Blow-up, 1 days Burn-up, 1 days
Source of] drinking, receiving drinking, receiving
Sanitary frectian of fraction aof
Carmunity Population Water . 1Lb-50 . P.E.C. 1LD-50 . P.X.C.
2-Y W
Richlend, Wn. |25,000 4 1C W 0.0002 0.002 /0. 002 0.02
Xenncwick .
Irrigation Proj 400 C 0.06 0.6 0.6 6.
Pasco, Wn. 8,000 CF 0.06 0.6 0.6 6.
McNary,Ore. 1,500 CF 0.04 0.h 0.4 5,
Arlineaton,Ore. £00 CF . 0.02% 0.2#% n_ow 2.
Key:

YW = Yakima River wnter storod in sarth basins to raise tadle for vells

C = Columbia River water, no filtrotion.

CF = Columbia Rivor water, sand filtered.

® 4 calculated value due to dilution fram tributaries.
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(17,18, 19, 20, 21, 22)

(2) Ir—odicte Tifccta of river conteminetion on lowcr forms

Rivor Populztion

(12 Fish

During the surmer rur., thore are about 300,CCO adult salmon and
trout in tho Columbia River, based on counts at Bonneville Dzm and
estimated fishing mortality. With the normal 207 survival of poten-
tial epavn of adult salmon, and sssuming half the young fish in the
Lower Columbiu, thereo will bdo 85 million young nigrant szlmon.

Other migratory fisr (smelt and shad) are in the Lower Columbia, end
sports fish, (bass, whitefish and sturgeon) are found throughout the
soction bolov the Hanford Works. Coerse fish are abundant. From
test samplos, the relative populations can de set at

Adult salman and trout 300,000
Young salmon and trout 85,000,000
Other fish 1,500, 000,000

Total ~ 1,0600,000,000

This represents 1000 fish per linear foot af river.

- (1-b) Other aquatic vortebraotes
Thero is no important form. Lamprey evls have been included as fish.

(2) Micro-organiems

Noar the Henford Works there is 5 lbs. of algae and aesociated micro-
scopic forms per lU0 8q. ft. of proauctive bottam. ~If such bottca
avereges 500 feet fram either bank fram Hanford Works to the mouth,
there 1s 40,000 tons of algne ia the river. Planktonic organisms are
a spocial case, beceuse they will float downriver with the contamin-
ated wuter. The mess involved for the "blow-up" cese is~~ 1 tan,and
foar "burn-up” is A~ 17 tons. The mass is approximaetely- 9 perts
phytoplankton to one pert rooplankton.

(3) Inscct larvae ond associated forms ,
At Hanford, larvee, sn=ils, etc., approximate 2.7 1bs. per 100 aq.
ft. productive bottam. The cstimnted totul mass is ~s 22,000 tans.

Concontration factors

(1) Fish (21)
*Fram data of Proeser, et al , the concentrotion of fission mixture
(disregarding difforonces in age of mixture,etc.) ias ecstimated as:

Concentration Fectors
Blow-up Burn-up
Tissue A & hr.exposure 7/ 10 hrs.exposure
Intestine 10 100
Bone 0.2 : 1.5
Yiscere o 1l 2
Muscle 1 - 2

o

o
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Hypotheticel velues for plutonium and uranium are derived as follows:

Same w:ll bo ingested with food, and perhaps 0.1%.Pu and 105 U abdbaorb-
ed fron gut. For an avernge fish (200 cm), 10 grams of food 18 estl-
mated to contain < 0.0l png Pu, which deposits < 10 ! Pu

(=901 g/kg). Uranium ‘deposit 18 ~r 5 ug. These amounts are small
ccoparcd with those in the water. Ion exchange across g1ll membranes
should cquilibrate the specific activity in the fish with that in

vater (O.l/us Pu/kg and 0.5 mg U/kg, respectively).

(2) Micro-organisms

The estimoted concentration fector for fission products in bottam
forms ie A-1000 for a 10-hour exposure, and ~ 100 for one-half hour, -
based on the fecal cctivity of Prosser's goldfish, and Banford data
on concentration factcrs of other radic-elements. Plutonium and
urenium concentretion factore are arbitrarily taken as 2 in both

casoes.

Plankton trevelling with the contamination is estimated to have a
concentretion factor (F.P.) of A, 1000. Arbitrarily, the factar for
plutonium or uranium is written as 10.

(3) Insect lervee and associated forms :
By generous extrepolation of Hanford data, the average concentration
18 written as 50 for 3 hour (blov-up) and 500 for 10 hours(burn-up).

The concentration of availedble contamiaation is exhibited 1in Table
6-3, in camperieon with-crudely estimuted damaging doses. Tho LDBO&
is thet estimated to give 3000 rep to the gut in fish.

In the ebove picture, damage is confined to:
(1) Fieh in Case III for fisoion products
(2) Larvze in Ceses II end III for fission products
(3) Borderline chemical toxicity of uranium, possibly of all forms.

(3) Deleyed effects on mquatic formo -- food chains

Plarkton of the Columbia River consists mainly of diatams. These and
the filamentous elgae of the river bottom concentrete radioisotopes
fram the water and subsequently provide contaminated food for higher
forms. The diatcms are probably the most efficient concentratars of
ectivity in the river, other things being equal. Here they are un-
equal becuuse they float freely in zones of maximum activity, and
travel with the conteminuted water.. Possible imtaks into unfiltered
vater systems has to be considered. An inmportant distinction is that,
if not captured enroute, they escape in adbout 5 days frum the dio-
logical system of the river. All other forms will tond to set up a
biological chain of activity transfer in the river.

Bottam forms include the algao, protozoa and insect larvae. All
these porticipate in the food chain. For the customary Hanford

35
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effluents, cquztic insect larvus, such as of caddis flies, which feed
on plankton, or midge larvae that feed on algoe and plankton, acquire
about tho eame spccific activity as their food. Forms such as the
may fly which ere partly carnivorous are less active by & factor of
twvo. Cernivors, such as cruyfish, acquire one-fifth the activity of
plankton feceders. Similurly, the carnivorous game fish are less =
active than carp cr suckers. .

In application to the current contamination, it follows that coarse
fish, cscaping direct injury by ingestion of fission products could
easily eccquire a lethal dose from contaminated elgae. Such farms ag
adult bezs or trout would probably avoid this fate. Young salmon o
trout, still feeding on micro-orgenisms would be liknl,y candidstes
for extinction.

W

No attcmpt has been made to calculate the distridution patterm of
activity in the water. Known fram experience with reactor-cooling
effluents is that mixing from a smell source is incomplete 20 miles
downriver, but approximately camplete at 40 miles. Bottcm foems prob- -
ably have access to the explosion contaminantas 10 to 20 miles delow
the recctor. Their cancentrating action will unbalance the cancen-
tration. If all the algae in the river were exposed to the active
weter, ell the activity could be romoved:-

40,000 tone = 36 x 108 k8.

Mase of algae =

Activity of water = 1.4 mc/kg

Concentretion factor = A~ 1000 B
Activity of algne s 20 megacuries

A plausible distriduticn of the initial 50 megacuries fram the burn-
up cese is: - . ' ‘

4 t Activity
C bnsunor curies - Location
Algoo 7,200,000 10-200 miles downriver
Fish 1,000,000 throughout the river
Larvee 2,000,000 10-200 milos downriver
Plankton 45,000 - carried to sea :
Irrigation 60,000 distributed
Weter esupplies 30,000. as listed
‘Animals & birds! 500 distriduted
Balanco ~- {40,000,000 carried to see

Rolatively superficial contanination appears feesidle in the burn-
out caeze. This matorially alters the pattern in the river. Coatam-
ination of algne, etc. would bo displaced porhaps 50 miles to 100
milos downriver. Mixing would certainly oocur in the rapids at the
Dalles, if not before. Noarer the Plant, fich prone to rise to the
surface for insects would ontor the very active water. Scum on the
surface would presumadly cccumulate activity by-adsorption. S8uch
scum is a favorite food of ocarp.

10822086
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(4) Effects on ferm cnimcls and wildlifo of the Columbia River

Assumptions made in this caso aro:
(1) 1000 rep to gut (singlo exposure) is a conservativo LD-50

only fission products nced be considered

(2) the contaminant, on tho average,is diluted in the ratio of the

daily intake of water to the norm=l gut volume ‘

(3)

g ) only Case III of Teble 6-3 is significant

) if tho permisniblc emergency concentration is taken as one-tenth
the conservetive LD 50, the rcngo between P.E.C. and LD50 will be

& plausible injury-renge.

(6) no corrections for decuy are made.

N W

Tho relevant data is assembled in Table 6-k.

The potontial affected population of danmestic an%ma}s is taken as 203%
of that of countics adjoining the C?%B?bia River(23), Gut retention
times are as esti?atid by Morrisan Other animal physiology data
cames from Dukes (2

See Table 6-4

The tabulation suggests that A~ 300,000 damestic animals, and

A 900,000 wild animals mey receive exposures between the estimated
P.E.C. and the LD50, and may be injured. For the moro probable Case I
or Case II, there is no injury. The general speculation is thct in-
Jury by drinking will be moderate or non-existent. Reservations with
respect to aquatic birds eating contcminated algoe heve to be made.

(5) EXfects of river contamination on irrigated crops

Data on the trenslocation of fission products, plutonium, and uranium,
in plants of var%ggﬁ(£¥?ea is scarce in the literature. L.Jacobson
and R.Overstreet quote 0.1 mc/kg soll as the spocific activity
causing damage. Such an ectivity is aveilable for Case II, and is
readily excoeded in Cese III. Plutonium and urenium harards appear to
be insignificant. ) .

Fission products such as Zr-Cb and the rere earths predaminantly go to .
the roots, vhile Sr hes significant translocaticn to the leaves. Quan-
titative transformation of tho data to the field case is difficult. The
laboratory tests woro made with plants grown for 24 hours in suspen-
sions of bentonite cley in wuter. Initiully, the activity ia concen-
trated on the clay, end there is campetition for the cations betwcon
roots and clay. Presumably thon, the picture in irrigaticn is aon
initial deposition on soil up to same saturation point, with later

1082204




TABLE 6-4

Damage to Animals drinking conteminatod rivor wvater

. . . . t

i i i l |

i ! Daily | Gut I} Gut l , Fraction

|Population: Wator- | Retenticn!;Volume LD50 ¢ P.E.C.| receivod of
Animal | { intako ; | }

i thousands litcrs; deys | 1liters me/L . nc/L 1D50
Horses 6 § 4o E 2 ! 200 | 80 l 8 n.2
= ! ‘ : —t :
Covs : 60 | f 60 2 “ 350 100Jj 10 0.1%
Swine | 11 5 1 3 j20 ! 20 | o.07
Shcep , 60 5 2 g ks wo !k 0.1
Geats | 0.5 5 1 2 W ous | 1w | oo

b
i
Turkeoys 5 0.3 1 0.8 90 9 0.15
Hens 160 i 0.2 1 i 0.5 80 8 0.2
Game l ‘ i _
Anirals | 10 5 2 | %o 130 13 .1
1 3
Beavors ’. ! 0.5 1 1.5 100 10 | 0.1k
tuskrats | i o1 | 1 [os 170 { 17 | 0.08 E
dtters ( 0.05 RN 130 | 13 | o =
dther fun i i . g
vearers : 10 { 0.2 : 1 0.1-5 100 10 | 0.1k
‘anade ; : i ] BT
Goese - 5 0.8 | 1 do1 %0 b 0.3% -
Ducks . 20 | 0.4 | 1 } 0.5 50 5 0.3 -f,
Ythor ! _ l g
\quetic | 50 0.03-0.3 1 0.1-0.8 | 50 5 | 0.3 3.0
birds | i i ' B
Preasants 20 | o2l 1 How fao [ 13| ea 1Lo|
Z B
Quail ‘ 100 i o0.01 1 1 o0 |70 17 | 0.08 0.8 bt
Song | i L
dirds ‘ 500 i o.01 | 1 R 0.04 130 13 0.1 1.0
-39~
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translocetion to tho plants. The laborutory results, converted to
specific activity, are:-

IElomont Concentrotion fector -
i A = 0.1l mg
A B bentonite/ml.
Loeves | Roots |, Leaves | Roots
Y 0.5 ’ 33 0.2 | 1h B = 0.6 mg/ml.
Co 0.1 -4 33 0.06 | 1
Zr - CYv 1.4 l 40 . 0.6 17
Sr : 8 13 | 3.t 5.5 !

In Case III, the specific activity of Sr89 in wator 1s 14 x 0.011
mc/liter = 0.15 mc/liter. In the leuves will be found ~ 5 x 0.15
mc/kg = ~0.75 mc/kg. A vogctggle conaumption of 0.3 kg/day gives

a daily ingostion of A~ 0.2 mc Sr /duy. Ovor ono year, the averago
dnily intake (cllowing for docay) is - 10 uc. Tho dcily intake which
gives tho pormissible doily orposure aftor one yoar is A/ 2 Jc- In the
event of disceter, the translocation into irrigated crops may roquire
intersive study. We may consider hore irrigation projects, either now
in exiotonco or contcmpleted for tho future, which would be mado un-
availebdle for tho production of crops following the accident if the
irrigeticn water could not Lo turned off in time to avort cantamination
by radiocective materials. .

> The Pasco Irrigation Projéct covers 7,75C acres, with 5,552 acres to
be irrigated in the noar future. ‘

Bolow tho conflucncu of tho Snakc River in tho Columbiz River Bottom
irrigation territory, approximatcly 1500 acros are being irrigated in
small trcets, the largest of which is 700 acres on Blalock Island,
locatcd totween Umatilla ané Walluli. For much of other irrigation
requircd neer tho Columbia Rivor, tributaries are used which, in rare
instonces, mcy be incrcased supplementing with Columbia River water.

~ Betwoon the Inlles and the mouth of tho Columbia River, smnll acrecgos
aro lccated which aroc not irrigated but are subject to inundction dy
flood. Theso farms froquently havo dikees which wculd provont contom-
ination in samo mcasuro and cansist of plots varying fram 10 to 100
-acres,

In tho distant futuro, it is contomplatod that posaidly 280,000 acros
vill be irrigated by the Columbia River locatod below XKemnowick ond
through Umatille, and will includo. samo of the Horsocheaven aroun. Sourco
of tho water will probably Camo fram thc McNary Dom with Hidden Valloy
to bo irrignted first.

The crops grown betwoen horo and tho Imllcs aro almost ontiroly pasturo
for stock with littlo truck ferming. No permancnt crops arco teing anti-
c¢ipatcd until the irrigation projects prosently doing instulled aro

1082211 e
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camplete.. It mey tuko soveral ycars before crops of this type, includ-
ing orchards, aro oxtonsivoly plented.

In surmrry, a total of slightly moro then 7,000 acros will shortly be
“irrigatod by water fron the Columbie River, and perhaps 290,000 ecres -
in the dictent futuvo. Vhother ground end crops would bo contaminatod
and rondered usocloos for a protractad period in tho ovent of a catas-
trophe is dopcndent on how quickly irrigation operutars could be made
awarc of tho hazard and stop drewing water for perhaps a day or two
until tho bulk of rcdicectivity hes progressed downstream. This should
be possiblce if the carmminication systom is efficient.

-
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Tho calculations for roactor Lurm-up with initial hoight 100 metors in an
atmospheric invorsion will be eccepted as tho worst caso reascnabdly expect-

e e e v W W s wA A

ed. The relovant figures are summarized below:

Dietance (miles) 3 6 12 19 20 60 100 200
Cioud dose,
external (rep) 1 1=l 45 Lo 20 71 -- --
Lung doposit, F.P. .
+ Np. (oc) 1 65! 15 80 35 1% 6 2
Lung deposii Pu
(ue) -- 6 8 8 " 2 1 |o.5
Ground Uontim,
(curie/p?) 0.2 12| 16 16 7 3 1.5 --
Lround dosg-rate
(r/bx) 1.5 80 1290 120 50 20 10 5
Rainyrout 2
(curie/n”) large| 170| 40 20 8 3 SO
Cloud widta
(moters) 280 | 470! 80O | 1080 | 1600 }2700 - | --

-

Uranium effects can be noglected, and the noptunium grouped with fission
products. The significant initial hazard is inhalation toxicity.

Yaluee above the estimated LD-50 persist to distances of the .order of

50 miles. Veluee adbove the P.B.D. extend to about 200 miles.
value, the burn-up could cuuse substantial injury to the population of
Walla Wella, or borderlinc injury to & strip of the population in Spokane.

At face

8uch factors as the improbobility of an inversion persisting over the
required length of time, the weakening by deposition enroute, and the

vind shear offect, mitigate this risk.*
hazards exist in a triapgular area of base about 1 to 2 miles and length
A 30 to 801 les, with apex at the reactar. The unpredictable harardous

ares will be determined by the wind direction.

Por the State of Washington average population, the triangulsaxr area would
For the givon location, the averagoe target

is ~ 500 poople. Worse still is the concentration of population in citics
Tho throe

include only As 30 people.

inoluding Yakima valley towne, Richland, Kennswick, and Pasco.
latteor aro the prime targets, duc to lsvel intervoning terrain and provail-

ing wind d.iroi&icn. The probadility of scoring a hit on such e contor is
: As many as 10,000 poople could then be affected. Fortun-
ately, Jjust these towna are the most likely to have effective evacuation

~ 1 in 10,

schemes oporative in the 3 to 5 hours avsilable.

*

5

On the other hand, on additional factor of 2, duo to lov wind speed
is not unrsascnadle. .

Woightod according to average wind roso.

[ )
Lt
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Tho scecondary hezard to man in this triangular zone comes fram irradiastion
fram contaminated ground. Accurstely snough this can be taken initially as

A/ 100 r/hr at distances of 6 to 30 miles from the reactor. The rounded-
off integratod doses (eesumes no leaching) are:

Time after deposition} 1 hr {2 hr.| 5 hr.| 1 day| 3 days{ 1 week| 1 month {
Doge-rate (r/hr) 100 80 70 ko 30 20 10 4
e
Integrated dose (r) 100 | 200 | L0O 1300 | 3000 5000 1%, 000 <30
-
Tho inhaditants of this zone have been potentially killed by the iphalation S
hazard, unless previously evacuated. We are concornad only with aubsequent
re-entry for rescue, etc. Obviously, re-entry times zmust initially de kept
to the order of one hour. Even at ons momth, entry for more than a few e <
hours would be undesirable. There 1s a hidden safety factor of 2 because RN
the figures refer to the axial dose-rate, which is about twice the average RE =
acrosas the width of the cloud. e
- R
An additional hazard to man is the consumption of vegetation that has re- e
ceived surface contamination. In the most dengerous triangle, the specific Uik
activity on plants will be A/ % curies/kg, which is perhaps a the order T
of 50-1000 times the permissible limit for human consumption. Regardless e
of the atmosphoric turtulence, dangerous depositions on vegetation conld 5
oocur up to at least 60 miles. The hazard is not eladborsted because it is A e
_.2voidable by control. Locel water supplies - reservoirs and ponds - will o
be contamipated to the extent of A’ 1-10 m=c/liter. This hazard can be »

tracod from the discussion of the river, except that it could persist longer ol
if the supply is not dumped. Control is feasidle with a good monitor service. e

The hazard to damestic animals and wildlife will exceed that to man, decause
of the impracticability of removing any other than perhaps dloodstock. Approx-
imately 13,000 damestic animals, and 80,000 others can be expected to

porish. As many mores could move into the triangle later and de
Xilled by radiation fram the affected ground or by eating contaminated
vegotation.,

The calculationa presented are not sufficiently precise to Jjustify remifi-
cations of the discussion for leas concentreted clouds of greater width.

Direct injury to plants is a further sequel to the ground deposition. Much
of the target area is waste desert land or very lov-grads gresing land.
"8poradically located are valuadle irrigated crchards. To the east and sacuth
are oxtonsive dry-farmod vheat areas. It is presumed that theee Vill de
rendered usoloss for at loast one growth season.
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SUMMARY AlIID CONCLUSICNS . Reference
‘This is a preliminary draoft, diffuse and un-edited in order to make
the speculatione available immedistely. Caments and criticlsnms
directed to the principal author will be appreciated, and helpful, .
in preparation of tho final draft. ’
Part I treats the Hanford nuclear reactor ss a waste stornge unit, 2
and rolates the forescen circumstances under which these wastes may I
be dissominated to produce envirommental hazards cutside tho Henford
reservetion. Disastor requires simultaneocus loss of cooling water,
and failure of safety mechanisms by earthquake, bambing or sabotege.
Simple physicel and motoorological pictures of two explosions of
heat releesso 11
2 x 1010 cnloriee* and 2 x 10 calories*freapectively, 6
are drawn. The feesible most dangerous cases are probably in this T %
range. ) 11 «
Considered next is the more probably case in which primary explosion 16
is followed by burning of reector contents. This i1s the most hazard-
ous predicted event. The behavior of the resultant radicactive cloud
under average and adverse meteorological conditions is defined for
(1) activity in air at ground levol up to 60 miles 18
(2) width of cloud 18
(3) integrated external dose 19
() lung deposition of presumed aerosols _ 19
(5) deposition of activity on the ground 20
(6) rein-out of activity 20
. (7) effects of eleveiion (mountainous terrain) 21
#(4)is the critical immediate hazard, whereas #(5) or #(6) leads to
persistent envirommental hazard. '
Two models leading to grosas contamination of the Colimbia River are *
- developed: . ) :
(1) Blow-up, in which the primary exploesion eJects active 21
material directly to the river. This model is highly
speculative.
(2) Burn-up, in vhich the active cloud deposits activity 23
in the river. .
The ostimated specific activity (fission products) in the river | 23,25 -
is 1-2 mc/liter in either case. The contaminated strip is
n’/ 0.8 miles in (1) and A~ 15 miles in (2).
Bpeculaticns on biologicel effect in man present quite tentative 25
values for a lethal dose (LD-50) and a permissidle emergency concen-
tration or dopoaition for ingestion end inhalation* respectively,
for fisoion products, plutonium, neptunium, and uranium. These * 28
1062215 L -
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Reforence
aro asdequato to define a genorul damege range, when the curront
uncortainty of tho phyeicezl pictures io considered. (Wo antici-
pate .criticism and wide divergonco in values of LD-50 ard P.E.C.
or P.E.D. Fran sutmitted caments, it is hoped to present veight-
ed veluos for the final dreft).
Ccmparison of the damege range with calculated exposures shows:
(1) effecte of river contamination on man - borderline damage 30
for unfiltered water systems; certain deamage if active
water is unfevorably channclized.
(2) immodiate effects of river contamination on lower forme - 34
fish demaged in tho worst case by fission produots.
Inscct larvee genorally demaged by fission products.
Dubious chemical toxicity in the worst case. .
(3) delayed effects on aquatic forms - food chains with the 35
activity initially concontrated by algne or planktonic
forms cnhances the damage to highor forms, for fission
products only.
(4) effects on animals watoring at the river - wideaspread 38
damage in the worst case only. Probably damage to
aquatic birds in en avorage caso.
(5) effects on irrigated crops - primary demcge seems 38
. foapible. Residucl long-lived activity in food plante .
would have t5 be checkel.
Fran the possible radiocactive clouds: -
§P'(l) the principal hazard is inhalation of fission products L2
and possidbly plutonium, rather than the external radi-
ation from the cloud.® Dangercus doses occur up to
about-60 milos fram the reactor. .
.(2) the secondary hazerd, from deposition of activity on k3
the ground, denies unrestricted access over a similar
‘range for at loast days, and poeeibly months. 5'
(3) the sane Secondary hazord is lethal to animals by ;%{.»
oxternzl rudiatiom. . B
.l
58
3
# This hes generally beon 1n°doqpately discussed in most earlier '}{,
discussions. (2) (28) iag Plutonium inhslation has been £
considorod by Jeno Esl1'3%), and 1odine inhalation by C. C. B
Gamertsfolder (31). i.é
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(k) ingestion of contaminated food eggravates the domege
to animals.
(5) groving plants may be injured by the deposits. Where 43
poasidblo, tho affectod populations are spoculatively
estimatod.

the Appendix includos a few notos of interest not included
in the appropriate text locatian.

APPENRDIX

1. .Xote on additionul activity generatod in the power nirst

Yraa the Roactor Safeguard Camnittee Report.
F.P. activity after disruption 3 0.1 x previcus steady power in KW

(time (soc) after acoident)o' 2

Additional activity during run-away dburst = :
0.02 2 (integrated burst in KW sec)

(timo(sec) after accident)1'2

St‘utLy power = 2.75 x 105 .o
1 8
Yor tho 2 x 10" calorioc exploaion, integ—ated burst = 8.3 x 10 XW sec.
¢ Additiomsl ectivity = 600
* * Btored activity time (sos)

Our celculaticns refor generslly to times in excess of one hour, so the
additionnl activity is negligible in approximate calculationms.

F082211




APVENDIX (Continucd)

2‘

— -

Ui (R I e .

Notc on activity in thc graphite moderator

Hanford graphite hae apocific activity = 0,032 curioo/xg

of whizh 0.02 curios/kg is the gorma-roy ectivity,
end 0.002 curios/xg 1s gl

Tho total activity in & unit = 6.4 x 10“ curies "
This 18 negligidble in camparison with stored fission product aotivity.

Prodaminant gomma emittors are: ml‘)’2' Sml‘sa, !ay‘ Po59 and nnidmtit'
rarc earths. .

Hote on iodine deposition an vegetation

For stable lodine, Thamas and Hill(3a)rf.pcrt a concentration of O Bpg
per liter in air to give a deposit of €7 mg Ia/kg in alfalfa leaves in-
A/ 19 hours. In two hours, wo can sosume the ooncemtration to bave 'bocn ¥
~ 7 ng Ip/kg. The sume ratio holds for rsdioiodine, if the early t;
does not domage the plant's trensfer mechanism Thercfore, 0.8 }xo P Sl
litor for 2 hours should give nr T mc 113 /ks in leaves. RN

>

In the triangular dasnger zone of tho "bad" case frcm bum-up, the od.
80 pc F.P./liter gives by our empirical depositicn rule, 16 curies/sq.moter
~ '8 curics/kg of vegetation (assumes all the aotivity caught in a halfe it
grovn field of slfalfa). Of the atmospheric contaminatiom,. 1.1% is:duo
1131, By rule of tmmb we prodict vegetation oontamimtim of - 4V 90 =

I].:Tn/kg, about 12 timee the Thamas-Hill value. Take the lover nlno szd

assumo animale feod on such vegetation. The initial thyroid imd.iaticn j
will be A 4000 rep/day. The 713l canponent alons will be haurdou Xt
vill require 130 days decay time to reach the ccntamimtign lenl ccnsid..rot
as the pormissidble permanent limit at Hanfard (O. 01 ue I1131/xg). The total
rediolodine doposit will be 8 times that of IL31 axdoe. By cmdo weighting
of half- liveg and disintegration energy, the total deposit is vorth abau
twice the I3l in hazard. Sy

Noto that the agreement between 'D' for iodine and 'D! ssroscls or r partic
is -presumadly fortuitous, and arises fram the concentration faotm tmw L
dine reported dy Thaas and Hill.

the normal Separutions Plant emission of Y
distances up to 50 miles, Gamortsfeldor

in thu ropart.

hmcppmr:tobommdl@hhnmtbnﬂpt“hblu&tb_;'
Thams-Eill roport. The script walue has beca used above, -
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4. Note aon leaching of activity fram tho ground

Whereover conteminaticn is laid down by an active cloud (burn-up) or by the
physical ejoction of reactor material {dblow-up)}, there sxists the possibil-
ity of leaching of such activity into potable water scurces. In all except
the blow-up case, this effect is probably low compared with the primary con-
tanination of water. It cen be crudely estimated from the dats given for
ground filtration water systems. Low-level, long-continued water contamin-
ation of this type will bo discuesed in Part II. The general Eanford operat-
ing experience has been that whenever an area ia accidentally contaminuted,
it 1s virtually impossidble to remove the contamination by copious washing
(exception: uranium). Conversely, if one vants the activity to remain in
placc, same fraction of it will boe tranaparted by ons mechanism or another.
This gloamy philosophy should be applied by tho reader to the subject case.

5. Note on tho acute toxicity of inhaled plutonium

For the rat, Adbroams, et ul<33) report .

Exposure '
p8 Pu/rat 8 2k 70 210 500
= - g o
Median )
Survival time 203 154 67 a4 - 26
(aays) —
Lung doso (rap) 2600 | 7200 15,000 29,000 72,000
T Ratlo .
Lung doeo/bone 8 10 26 93 86
dose ]

Faking the lung as 9% body veight in the rat, and 14§ in man, and assuming
all other factors equal, the camparable dspositions in man would be 380
timea greater. The "true® LD-50/30 is of the oxrder of 80 mg, but 3 mg is
a lothal dose. This should bde campered vith ocur current guees of 2 mg as
the lsthal depositiom. '
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