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QUARTERLY RESEARCH REPORT TO THE NASA MANNED SPACECRAFT CENTER

THE 14EASUREMENT OF RADIATION EXPOSURE OF
ASTRONAUTS BY RADIOCHEMICAL TECHNIQUES

April 3, 1972 through July 2, 1972

R. L. Brodzinski

ABSTRACT

Cosmic radiation doses to the crews of the Apollo 14, 15 and

16 missions of 142 + 80, 340 + 80, and 210 + 130 mR respectively

are calculated from the specific activities of 22 Naand 24 Nain

the postflight urine specimens of the astronauts. The specific

activity of 59 Feis higher in the urine than in the feces of the

Apollo 14 and 15 astronauts, and a possible explanation is given.

The concentrations of 40 K,, 42K, 51 Cr, 60 Co, and 137 Csin the urine

are also reported for these astronauts.

The radiation doses received by pilots and navigators flying

high, altitude missions during the solar flare of March 27-30, 1972

are calculated from the specific activity of 24 Nain their urine.

These values are compared with the expected radiation dose calcu-

lated from the known shape and intensity of the proton spectrum

and demonstrate the magnitude of atmospheric shielding.

The concentrations of Na, K, Rb, Cs, Fe, Co, Ag, Zn, Hg, As,

Sb , Se , and Br have been measured in the urine specimens from the

'	 Apollo 14 and 15 astronauts by neutron activation analysis. The

mercury and arsenic levels are much higher than expected. No

significant differences were observed between pre- and postflight

samples.
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TASK - DETERMINATION OF THE RADIONUCLIDE CONTENT OF FECES AND URINE
FROM ASTRONAUTS ENGAGED IN SPACE FLIGHT

Astronauts engaged in space flight are subjected to cosmic radia-

tion which induces radioactive isotopes in their bodies. The radiation

dose received from cosmic particles can be determined from the quan-

tities of these induced radionuclides. (1) The concentrations of the

induced activities can be ascertained by direct whole-body counting

of the astronauts or by indirect measurement such as counting that

fraction of the radionuclides excreted in the feces and urine. This

latter approach has been used on all manned Apollo missions. In addi-

tion to the induced activities, several fallout, injected, or naturally

occurring radioisotopes have been measured, and variations in their_

concentrations may be indicative of changes in the biological life

processes occasioned by the space environment or serve as identifying

"f ingerprints . "

The concentrations of the radioisotopes listed in Tables I and

II have been normalized by dividing each decay corrected.disintegra-

tion rate by the weight of the respective stable element in the sample.

Those listed in Table III have been normalized to the volume of urine.

All samples were handled according to procedures described earlier.(l)

Co smic radiation doses of 142 + 80, 340 ± 160 and 210 ' ± 130 mR are

calculated for the crews of the Apollo 14, 15, and 16 missions res-

pectively from a comparison of the specific activities of the radio-

sodium isotopes in their urine and in the urine of radiotherapy

patients. (2) These doses for the Apollo 14 and 15 missions are lower

than previously reported values t3-4) which were based on radiosodium

activities normalized to the volume of urine rather than the more

z
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accurate normalization to the weight of stable sodium used here. The

radiosodium data for the Apollo 16 mission will be normalized to stable

sodium as soon as activation analysis of the specimens is completed,

and the results will be given in a later report. The cosmogenic 24 Na

activities observed in the Apollo 16 specimens are only upper limits

due to the postflight injection of uncertain quantities of 24 Na.

Relatively large amounts of the reactor produced radioisotope 42K are

injected into the astronauts. Inevitably, small quantities of 24 Na

are also present from activation of stable sodium impurities in the

potassium compounds. If a sample of the injected spike can be analyzed,

a correction for the amount of injected 24 Nacan be easily made.

Unfortunately, the spike used for the Apollo 16 mission was not obtained

in time to mea8ure the 24 Naactivity.	 Reirradiation of the spike
x.

provided a lower limit of the 24 Nacontamination.	 However, the exact

correction factor could not be obtained since the ratio of the 24 Na

to 42K activities increases with time after irradiation; due to differences

in the half-life, and the elapsed time between Ithe original irradiation

and the injection is not known.	 For future missions it is "recommended

that samples of all injected radioisotopes be analyzed at the same time
=r.

as any biological specimens.

The specific activities of 59 Fe in the urine of Apollo 14 and 15

astronauts given in Tables I and II are significantly higher than the
ri

,a

corresponding specific activities in the feces. (5)	The only plausible
j

59explanation for this is that ^.:he	 Fe does not enter the astronauts

bodies by oral ingestion (unless it were in some preferentially assimilated

chemical form which seems highly unlikely). 	 Rathar, the radioiron is
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probably injected into the astronauts as a tracer or as an impurity

in a tracer. Since the preponderance of orally ingested iron passes

directly through the gastrointestinal tract, the 59 
Feeliminated in

the feces is substar tially diluted relative to that eliminated in the

urine which would account for the lower specific activities observed

in the feces.

The 42K concentrations reported in Tables II and III and the

51 Crconcentrations in Table III arise fro,,,n injection of the respective

radioisotopes. The 40Kj, 60 
Co, and 137 Csconcentrations are all quite

normal and within the range of values observed for previous missions.

During the period March 27-30, 1972, a fairly large solar excur-

sion took place. The proton flux incident on earth from this event

was monitored by orbiting satellites in the two energy intervals

5-21 MeV and 21-70 MeV.	 The weighted average energies of these

intervals are 3 and 33. McV,respectively.	 During the peak intensity

of the flare, two high altitude air sampling missions were flown by

the United States Air.Force, and the urine from the pilot and navigator

of each of these missions was collected and analyzed for 24 Na.content

shortly after touchdown.	 Almost all of the solar protons were

attenuated in the atmosphere above the aircraft. However, secondary

neutrons generated in: °the air will deliver a radiation dose to these

pilots similar to the radiation-dose delivered to astronauts from

the secondary neutrons generated in the hull of their spacecraft.

The measured proton intensity above the atmosphere during these two

flights sustained radiation doses of 1.197 and 2.102 gm RA  cm -2
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The specific activities of 24 Nain the urine of the pilot and navi-

gator for the first flight were 3.2 ± 1.0 and <0.73 d/m/g Na and for

the second flight were 9.5 + 5.9 and 5.4 ± 3.4 d/m/g Na. These

activities correspond to radiation doses of 0.53 ± 0.17, <0.12,

1.57 ± 0.98, and 0.90 ,± 0.56 mR when compared to the specific

activities of 24 Nain the uria,ze of neutron irradiated radiotherapy

patients. (2)

Without the benefit of atmospheric; and aircraft shielding, the

personnel on these flights would have received doses of 52 and 92 MR

from the primary proton spectrum assuming they were average size men. (6)

The effective shielding thickness was greater than 100 g cm 2 and

afforded a dose reduction of about 100--fold. This would certainly be

an upper limit for the dose reduction to astronauts in space since

the effective shielding thickness of their spacecraft is significantly

less than 100 g cm- 2 .
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TASK - NEUTRON ACTIVATION ANALYSIS OF FECES AND URINE FROM
ASTRONAUTS ENGAGED IN SPACE FLIGHT

This program was instituted in an attempt to foresee any possible

metabolic: changes in astronauts caused by conditions of weightlessness

and prolonged physical inactivity which may have been manifested by

an uptake or loss of an element or elements by their bodies. The pri-

mary concern had been the terrestrially observed phenomenon of

osteoporosis (loss of skeletal calcium), although changes in the uptake

and excretion rates of other essential mi.croconstituents of the body,

such as cobalt, iron, selenium, and the alkali metals, were also

important. Lack of precisely known intake values have continually

hampered the effectiveness of the program, although useful comparisons

have been made to normal dietary intakes. Body losses of calcium,

potassium, and iron were observed during early manned Apollo missions, (7)

but these losses have"since been checked.

The concentrations of Na, K, Pb, Cs, Fe, Co, Ag, Zn, Hg, As, Sb,

Se and Br have been measured in pre-and post-flight urine specimens

from the Apollo 14 and 15 astronauts by a previously described tech-

nique of ing trumental neutron activation analysis. (1,819) These are

reported in Tables IV through IX. Very little information is available

regarding normal or anticipated levels of silver and-antimony in urine.

Thus, the significance of these Apollo 14 and 15 values is uncertain.

The cobalt concentrations are similar to those previously reported, (9,10)

but are still much lower than would Normally be expected. (11) The

mercury levels are higher than any previously observed (9 ' 10) and a

great deal higher than normally expected. (11) Also, the concentrations

of :arsenic measured in these specimens are significantly higher than
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anticipated. (11) All other elements are present at normally expected

level s.

Although the concentrations of cobalt are unexplainably low while

those of mercury and arsenic are high, there is no significant difference

in the pre- and postflight levels of any of the reported elements.

Thus, while people in general, including the astronauts, may have

increased body burdens of mercury and arsenic from pollution, there

is no evidence that space flight has any effect on the uptake or loss

of these or any other elements.
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EXPENDITURES

The following table documents the expenditures according to

task and total host incurred from April 3, 1972 through July 2, 1972.

TASK

Determination of the radionuclide Content of
Feces and Urine from Astronauts Engaged in
Space Flight

Neutron Activation Analysis of Feces•and
Urine from Astronauts Engaged in Space Flight

Search for Lunar Atmosphere

TOTAL COSTS

EXPENDITURES

$ 4,043

$

$

2,022

1,005

$ 7,070

K

y

1 1^
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......	 .,.,,.:	 _	 .. _	 .,.._	 ....	 r	 f:.o- r. a.arra..m sŷ rvssva::m:^.nw	 :rr-sz.a^	 :aHr.^•r ,.zs nr c,.^,̂ a,:aaar=aE .zr,.-°,»x	 .+.^....... ,.	 .. -.	 w ...,.	 ..	 .	 ..	 ._ _..	 --._..	 ..	
-.- _	 ^

y^i.^+ e..w. v+.. Cww'^ .n1..w+^t+^.aa s:v^ Jc..^x. .	 . .la t^ ...: .a-n. ^ r. «.<_ te.. .. ,^t4ars-xt '̂W^^NN t^Rwnclaw' iknefy ryW.F?ei 'i°"=N!+IMF:.su,fM' 'Y^^A^F4r"4?'%k?^4Y !^8*A ̂ S^r+?^.^L4.X^'+1^^%^^:'1't.G"N(:i"„4'^W+lCfr^MMp^MMf&'rF+^+'St?"^'.	 ..	 PFh+^	
%^I

-9-	 BNWL-1183 12

REFERENCES

1. R. L. Brodzinski, H. E. Palmer and L. A. Rancitelli, "The Measure-
nv=rnt of Radiation Exposure of Astronauts by Radiochemical Techniques,"
April 8, 1969 Through June 30, 1969, BNWL-1183 1 (1969).

2. R. L. Brodzinski, Unpublished Data, Battelle Memorial Institute,
Pacific Northwest Laboratories, Richland, Washington.

3. R. L. Brodzinski, "The Measurement of Radiation Exposure of Astro-
nauts by Radiochemical Techniques," April 5, 1971 Through July 4,,
1971, BNWL-1183 9 (1971) .

4: R. L. Brodzinski, "The Measurement of Radiation Exposure of Astro-
nauts by Radiochemical Techniques," July 5, 1971 Through October 3,
1971, BNWL-1183 10 (1971) .

5. R. L. Brodzinski, "The Measurement of Radiation Exposure-
of,-Astro-nauts by Radiochemical Techniques," January 3, 1972 Through
1972, BNWL-118 3 11 (1972).

6. R. L. Brodzinski, N. A. Wogman and R. W. Perkins, "Induced Radio-
nuclides in Astronauts," January 1, 1968 Through April 1, 1968,
BNWL-531 3 (1968).

7. R. L. Brodzinski, L. A. Rancitelli, W. A. Haller and L. S. Dewey,
"Calcium, Potassium and Iron Loss by Apollo VII, VIII, IX, X, And
XI Astronauts," Aerospace Medicine 42, 621 (1971).

8. R. L. Brodzinski and L. A. Rancitelli, "The Measurement of Radia-
tion Exposure of Astronauts by Radiochemical Techniques," July 1,
1^.69 Through October 5, 1969, B11 WL-1 ,83 2 (1969) .

9. R. L. Brodzinski, L. A. Rancitelli and W. A. Haller, "The Measure-
ment of Radiation Exposure of .Astronauts by Radiochemical Techniques,"r
January 5, 1970 Through April 5, 1970, BNWL-118 3 4 (1970).

10. R. L. Brodzinski and W. A. Haller, "The Measurement of Radiation
Exposure of Astronauts by Radiochemical Techniques," April 6, 1970
Through July 5, 1970, BNWL-1183 5 (1970) .

11. P. L. Altman and D. S. Dittmer, eds., Biology Data Book, W. B.Saunders, Philadelphia (1964).



H
^i

0a
a

a
a0

H

W aw
H w

zHa

H

J4

H

HHU
0
H
Q

9

Ya'slv:6s(.^ka:PrrxAC..=c.^...acka.:ltMocsiuF^'4X ^kL».w:.AV_`x.v:+. /AXati dtY _u i. _._.Fk,a .s...	 _ _	 .	 r,	 _a	 c ..	 c.. _>.'>K'.:a^'a4+aaC ^-.s..:'.

7-10 1	 7	

y

BNWL-1183 12

a

3

O O O CA

M	 U1 l-	 N
^-I	 U ^1'	 l^ .,. N N

O O . O O
%D	 ONE old

3

+1 v
\a) r-4	 N M N N
tO P4 0	 R • ,

v vro `-^

0 0
0

M :.,^„ 
a„

M

N
a) 000

VJ

r
n0 o O o

r—I LOO
Ln	 w N N	 40 r-1 N .-.

. M

P4 0 .	 •

rd

z
N b
f"3	 z a*i

Cr
•
O

.^ O
.rd

4J TI + *

P N	 N NN d' N `t"
N

wa w	 w P4 a

.N

ro

0

FC U U



a^Mt 4 fiT.t^::e:: a .. PM]' AaA41.a.a t.,... a _ :..s .:. s_:_ M...-+	 .....:s..,,....;_...._-w^a^R^;.^^M^t... :aM+.e.wC+r^tt«.^.sa:..rn^14++.w'YV^^+c+cy..:..x»:.xwa,^it1••MNMil^d+. t^?^w.Wa .^'^:'.tr,a:c.c-:,.:.+mw°a>s _^+rr.-.a7cr+^s.•:m:4A.c-.u-rrx.:.

co
H

^iz
°a

CD
4

toH
OaaO

H
H 

04
W W

z
H

z
H

H

H
H
U

O
H
A

9

-11-	 BNWL-1183 12

I

p.'

fS

i

C

o ^D o 0 0 0 O o 0
to r-1 O H 1-1 H r—I H ri H

m N co M rn H co v kD
rl V N N rl I` IV H m M N

+ILn +i ^+I rI ^+I a% +I +I'r
$4
W M Ln m r-I W O Ln H H

•rl N tC ri g 4 r! M M Nraj v v v v 1 v v v v
LA Ln LO tD Ln Lo
O O O O O o
r"I r-I 1"'l r" l rl r-I

w .. .. ... .. .. „
0%	 N Cl (A r-I N m 00 w
Ln	 w Ln Ln %D N (n H O

^r V i N vI II ^I
rl

$4 -;V
\ Iv 00 Ln I` L--I qrlr N H
(n	 134 o 0 0 . n

rl M r-1 r-I N dl Hv v

Lr) Lr) Ln Ln Ln Ln
O O O O O O

x rl r-I H r-I r-I r-I
N

m Ln rn ON I:r 00
9: bi Ln W (` Ln Ln Ln

+I +1 +1 +I +1 +I
W m I,- Ln rl %0 M

•rl M qw 00 Ol M 0 0
qj . e .

Lf1
..^..

W (` Ln^^^Ln Uf

b

N z
o o ra o 0 0

OI m) O I IN 04 r-I O O
•rl r-I I\ 0 10 m 00
10 rl M m eN IV M

b
N NN z I° r-I %D W

m N er M
^fa . . .

•ri Co O O O
%D ^I kI mI

N 04 V N 00 %D.rl •
rd (D o 0 0

4Jro
4 0
W-ri	 I` 00 I`

N N N	 O O O	 r-I r-) H
wa w 4 w a s a a a a

0 a4 a4 P4

u c-)4J U a u a



—12—

.-1 01 W O co Kn H
in Ln Ln 00 w

O O O O O OO O o 0 0 0 0

++1 +I
A

+I +I
N

+I +I +I
m

fA	 M O t` 0\ I ll
U M co O A I` N

O M M N O w N
n O O

C!
r'I Ln N

~	 O O O O O O O

x:

BNWL-1183 12

M,^	 a
CD	

Y

(A
M
A
A	 ,

N
r-ir-I OO
OO O

OO +I

NI
A
+,

O O ^

U O p	 rM-I
Cl
a O p O

O
O

+I
N00
O

ca

H1
!`V

O
E

r°-I

0

H ^;
H aw+
Ff	 '^7

HH H

H

H
H

H
H
U
Q

mlLn
C1a

A
Ln	 w
er	 O
N

+I

N U Nn .-^	 e
\ LO O

N

O

9
N

In.r.,
ro

M
N	

co

N O
n
0\
O

v
co
O

co
01
O

-W
0\O OO O O O

•
O

•
O

•
r-I
OC.1

O

MI	 ^D +I +I +I +I o
^	 tD

M
W
sI'
M

e-I
'Vr
Ln

co
O
OD

O
M OI

LnO 
O O O N H O

O O O O O O O

00
LD
w

O Cl
•

V
•

0n
• in

+I
Ln

+I +I
N

+IM
H
+I +^ +I

r1

+I
Ln wo

cN c4

r-f O H N h M m kO O w

Cl
N

O
N

N+ O O
co

O
I`

+I rn +1 +I +IO
Ln

M
-

A
co

O
N

O
LD

O H W N co

M to w N Yd M an
r-I r-I H r	 I O H H
O O O O O O AO O O O A O O

+I +I +I+I +I +I +I
M 00

r-o
M Ln OD rl O

N V' N N N NO O O O O O Q
A O O O O O O
O CZ O O O O O

O U1 Ln LnM H H H Ln Ln Ln O O O rl H
w w w w w w w x a a a s

u	 u^.1 u^a u

t`
LnO
0 i
co® Ln

O
w
1^
O

co
0)
O

M
w
O

O
r-O

Ln
1D
O

N
Ln
A

N
w
O

I n
to
O

N
LD
O

N
%0
A

w
1D
O

CD
D

+IN
M

+ I
Ln
N
t`

O
^I
O
t

O
MI
M
Lfi

O
of
w
F

O
%D
Ln
O

O
rI
00
00

O
W
M
01

A
CI
Cr
M

TI
M
\r

0 rI
O

Ln
N

O
0
M
-!

O
w+I
01
O

O
M+I
Ln
eM

.:r N r- N lD w M 6n M N N

^ M Vr

N v  v



•E-1

0

0

En

H

z
W
F,j

z
0

VI

(A m
co H

tO H in
0 N ON
OD ITW N
C) 0 40

0 0 0
•

C; C;

co to

0

co
r- in 00
00 C) w

BNWL-1183 12

it

>1oj	 rl-	 0)
in in to

N 471 to
0	 m N

O01)
0 c;,

id	 co
co H m
O^ Ci

v in r4
A; m to ul

%D Go 00

C4

0 CDO

C) to 0)
qw at fn

AL	 C4

Pl,
M C4 ff

tp L%o
Al C4	 C4

in N N

01 	 tp

H	 V.
qw	 in	 fl-

ri	 go	 N
M H ?H

4--) fO
A
ti3 
0

A4 A4	 44 P4 A4

t	 t	 t
9v 00 IV 000 V 00
N 4v N v N ow

44 + +
W4 F4

4-)

u
4-1

U U



al

U^

,G

z'

9H
to

Oa
0

z

a H

0
M

E'1

9

z
z0
U

F

U

w

-14— BNWL-1183 12

4c

in o N

r-1 00 O
r-1 H N M

a 0 a
r^ O d

Id I	 M	 r-I	 V00	 00	 0)
wo	 in	 mw

I'^ O O O

N
r-! 00	 t!'9	 M

00	 r-I	 Ln

•	 ,	 •
^ O O O

	

Ili	 Ln C11 10

	

GI	 iC1 wa 00
M r-I r'1

^ O O

to N M

ri Q © A

" C O O

4c

	

(14	 M
q oo N in

L® M Ln
tp

	

^.	 +-i r-1 0

O
U	 r-I Ln

Ca IV 81

0 O
0 O O

	

0	 •	 •

0 0 C0

49

fd
A

tp in N r-i

Q3
w

00 (1 10
to WV a1
40 'a' N

e

O O O

4.) FU

tT r r t`
•ri 14 N N N

	r-1 N	 1	 1	 I
ww N w w

4J
b9 a a

U

A

IV O M
	1D 	 O	 00

M M N

	

ko	 r-i	 NO
N N N0 o O0 o O

	

•	 •

O
q

 O O

	

awl	 M

	

h	 M	 CJ1

	

Ca	 Ln	 wa

	

♦ 	 •

	rl 	 O
6

	O

	

l^	 1-	 01

	

l" 	 M	 VW

	

s	 e	 •

O O O

	

M	 011
N M wD

	

Cif	 in	 1-

	

ri	 O	 CQ
O O O

	

00	 °V
M M Ln

	

r-I	 O	 O
O O O
O C: O
O C: O

O ^ o

	

la 	M	 00
	Ln 	 er	 io

	

to	 Ln	 ON

0 o O

	

cr%	 oo	 a+
	w 	 00	 00

M W
O O O

	

CS	 Ca	 O0 0 0

	

•	 •	 e

O O

00 Rr r
rn o 0
M M eP

^000 ai
N N N

O O O

t T
qw co d' co d' 00
N er N lk^r N q

as 9a as

a a
U U

H

O
O

sT

fn

^i

^k



tr
H

b)

0

U)

P4	 94

—15—	 BNWL-1183 12'

p

Pq
z
H

P4
:D

z
0

0

0

H

U)
E-1	 Z

0
H
E-'

z

z
0
U

Cl)

0) lw
 IVco 0 IV

M

PU

co r- tn

Ln tD a

rl M r- 0)

C;

tn

M m co

ZL I r- IV 0

cn	 U)
M N (I-
c4 rj Ln
in m o

^ w Ln
w Ln r-
kD M 'Ln

N lw H
w Ln Hqw N v

.P ro

.0 0
m -ri	 r- r- r-
-H ^4 N N N
r-I 0	 1	 1	 1
44 P4 44 N N

0	 'cr	 co

rn	 H
4 N Cv

r. m w
0	 Ln	 Ln

C4	 14	 14

co

o

0 CA m
co N w

C^ C;

co CA r-
0 C) en

r4 4 r4

CA 0 cn
w co r-
r- r- m
0 0 CD
CD CD C)
0 0 0

C; a a

M O 0
00 00 r-

v

CN
a r- (A
r- C14 r-I

C; 8
v v

+ + t
qv 00 qv co v 00
(14 V CN ICT C14 IV

44 44 44



^ _ x€ r;ca, ,._^i..:. ^'asr: yY.YSSS.svia .^-Y a. ^ »_„ z 	 r r	 r	 st'.r.r,	 '^^ 	 :-.	 ^. - .^ 'y-y .:5t ^s;nrr,.r.w^^^

BNW,L-118 3 12

P
E A to N dr o 00 w •dr w CA
' M V . 01 N qr O 00 N

R

Ln v r-4 w to v r oo to

N
cn UW N tzp 00 10 tr M 01 dr cr
a M r 00 >n w r N 111 w

r-{ In to w Ifr w M d+ to oO O O O O O Cl O Ot
0

C!
ca O O O O O O•o o® O O O O O o

WzH
PA O M N O O r-I w O co

w -W r-I In M Ol N O r-I
r4 r-i r-I r-I O r-I N r-I

z
O
QH O w (n 00 M w w Ln M
^-I w 00 v O1 w r h N O
U) r-I r-i N O r--I O O r4 1;

H
0 (d Ol M N cr co r-I M N O
a

A qw M r 01 w O N 00 w

M M 10 M H N N 1Y1 N r	 H O

O O O O O O O Ca Oa
H

M4-
IM t

v M Oo 111 r-I w M N
M RI , C14 N N r-I r-) N N

H
QH
E-4

rtS r
w

r
ww

co
0',

M
w

1n
w

q;r
IV

(3)
Ln

1n
c:r

n
r

r-I N cr N r-I N N N Hz
K

U yH
p'7
z0

w rO-I rO-I m o00 ^ w m m
ID N O r O CD u1 1n -r

N r -I M M r-I N N r-I r-I rl

U
All

o
IT •r1 r co rn •r1	 S4 N N N o O O r0 r-I r1
rl N ! ! I + + + + -h +
Lu Al W W ;k4

4

r
jj!!z

0 P u Av 0
w S

4.)

5

t^



BNWL M1183 12

Wit. .. .-.-• __t,_....,,^'^a,-s---- ..., a	 ,-a :.. : .z._m	 ., -- _.^.m... ,....x^rskr .^.+cs.,.ax;.+^.s*+Ewa...-x..:.._.. ,r..+wew+wca..a..ewsa:s.,R+^++..^rsn..,w.:rcyc^ e. T:..:^:. a..►.s.# 	 s;,-:.^asa^: -::,;.a, ..-.r.

0
U

Qr-I r-I h M w M w N
\ 01 Ln • 0) 01 qw N Ln

',
•

w
•

Lo
r-I
r-I

.
h

0

N N h kD

00 w 00 C-4, 00 00 dr N
00 r-I O N dr dr Ln h

r-I W h h Ln N A 4 in
O Cl O O O O O O
O O O O O O O O

'L O O o O O O O O

N h o Ln 01 W 4n N O h
Q r-I v %D r-) 00 l0 01 h Ln
\ 01 Ln r) 00 0) NM W h dr

o o r.4 o 0 0 0 0 0

N
r-I N r-I v 01 0) N r-I r-I

r-I O ^' M OW 00 N 00 O
01 h C Ln N M v dr dr

;:L •
O

•
O

•
O O

•
rl

.
O

•
O O O

01 0) 00 01
La N O 0) 01 Ln Ln 00 O
Q CD 0) M l0 l0 w O 00
\ r-I O M O O h N O

O O O O O O O O

b O 00 O
^r r-I 00 Ln l0 N O O r-I

O r-I O dr 00 v M h
r-) r-I N O o w r-I O

r-I O O O o O O O O
C) O O O O O O O

\ O O O O O O O O
O O O o O O O O

fd 00 M 00 N N oo Ln
A 01 Vo V h ko ON

0\
Ln r-I 0A

w M Ln W 01 cM h OD dr
0) • • • • • • I • • •
;:L 0 O r-) O O O O O 0

VLn r1 M Q0 N M r-I 5p
0) h M Dy rl r-I to r-I M
wO dr 01 q:r N w dr Ln yr
O O O O rl O O O O
O o o O O O O O O

\ O O o 0 O O O O O

^
.
o

•
0 0 O O O o o

.
O

A
\ h l0 M h 01 O O

h 01 r-I 00 h Ln A
;:L N r-I M N dr Ln N

fU vw
r-I

w Ln l4 O N Rw
h Ln O dr 0) dr 0)

\ N N N N N M r-I

^ O O O O O O o
v

4J r^.r
4 Q
(T •r-I h 00 h

•rl P N N N O O o r-I r-I r-1

ww w w w a a a a a`^

p u u u u 1=1 U a
4J

m
aa
rn

WzH
^I
F--iI

^i

P4
H

^i

LO

0a
0

HH zH
U]

W za 0H
H

EH 9
H
zNU
0
U

bl
x

Q

N

r:

tffi^:	 ...	 ...rr.a.....,w.,..utw.-wu7e€d3Y^Hlarr!liia4iv2d 1&rc°.^n`e.'+.^^r!k:.+,Xi+^4isRsnkinLYw^ ';TLZ:.1uui,
	 t



—18— BNWL-1183 12

,..	 a>.:	 ...^M^,vv TM'11^(C'^	 i .-.xY .Nf Li!	 c'a?7^tp%'P^714f",MS.`€'^"SH
:l,M[.•s4^ixi,•+T•t.,s+cxka. x. x,r_-. <K{MAhfa4fLdM•17 MbltT,t'{,y'iM.KYw F#....a.:n	 4.. a.^sx 6 .s.•z ..::.n irs• Yw,. i.e} i0., i'. 1̂.tA ,t	 _ •.	 cc.}.	 r•'>	 ...	 .:.m .. s, ..¢^'.x.^. ..Y^fR'!Y %VwaM,^Ti

y

, .: ..i'^

A d' o cr r-I t0 IWV M Lr) rn
I^ o M O N M M Ln In

N dr 00 M r-I N M M 4

^i M 0) 'd' 00 CO LO M N O
r- r-) O m Ln (n O N r-i

q;l
. . .

N Ln Ln r 4 r-I 4 N N N

J•+

A 117 ri l0 N N r-I Ln r-I\ . . O
01 O M C3 M Ln d' l0 Ln
%Dvr-I qw ko It:r qw Ln v

N
M 01 Ln w 1.n 00 0l M 1%0

r-I 0) N 00 N cn r- LO Ln 01
l0 Ln r- M r- M N M M\ O O O O O O O O O
O O O O O O O C^ O

f(s 00 N dr
A It r r-) v N 00 -V Ch O r-)
\ r--I r- M M Co O Ln Ol l0

I r-I Cl r—I .4 O r-I l0 r—I O

Ua M N 0l r- 01
M M r-I l0 H W N 01 M
r-I a% 00 00 r-I co O r1 Ln

rI r-I O O O H Ca dr r-I OC) 0 0 © 0 0 O O O\ O O O O O O O O O. . .
O O O O O O O O O

dr 00 r- 00 m M r-i
A I,, Il- o o co N ,-I N 00

-W 00 a 00 "r W r r- Ln

O O N O O O O O O
U) v

r-1 N r-I v l0 Ln O
h dr H M r-I N M Ln A

\ I r-I N Ln w Ln ^r qw Ln

O r-I r1 O O O O O O
V

4Jrd1
4 0
U', •rri i r	 00 Ii

•rl p N N N O O O r--1 r-i r--!
r-I v I 1 I -F

a
-F
cx

-F ♦x -}-x -I-xr a w w U4

n Q z A  z W

I4 U U a U U a U fJ

N
.

a
p-t

W
zHa
H

LZi

H

^i
Ln
r-I

OaaO

9CH zH
a cnz
^^ o

F

z
Uz
OU

Q

.
4
U)

rn

I



..^,1'e;.ffw.saiScWtL.'4L^b 6tb^`'"`^'"°^^44km1YxY.6. .:-


	GeneralDisclaimer.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001C01.pdf
	0001C02.pdf

