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Introduction

The United States Army operates the Jef ferson Proving ',rounc at

Madison, Indiana. Acceptance testing of various depleted uranium

containing ordnance items is performed under a license granted ny

the United States Nuclear Regulatory Commission. For the cepletea

uranium projectiles considered here, testing is limited to firing
at soft targets only, which limits generation of aerosols. An

extensive baseline survey was performed fror November, 1983 to

February, ~. 9 8 4 , t. o characterize bachground laotopie uranium

cencentrations in various environmentaa media. Depleted uranium

of anthrepcgenic origin began to be disperted fro:n tne 500 Centor

taring position in March'. 195?1. As of May, 19 t:i . appro?:imately

50 metric tonnes of uranium had been introduced into the .! P G

-
O.sDenvirons, with about 4.3 tonnes havine been recovered. Anout 5J v

:ia y s af er testing began. the baseline stuay was essentially

repeated. The routine Radiological Environmental Monitoring

Pro:; ram consists of twice a vear eclie:tiens o t' scil. sediments, "

2.cface water anc grounawater. Vegetative u.:c e r g r o w t h is
.

regularly controlled through burning, at wnich time high volume

particulate air samples ne collected. Samples of deer tissue

are regularly collected during hunting season. During tne last
!

i four years two more firing positions have been aoned adjacent to
i

500 C ent er , positions "J'' and ** K" . Several additional soil and a

* s i::; . e adoitional water sampling location have been sampled to

i tover these new firing positions as weil as to coser the impact

nrea ci "evers". Th11 report is a review c: cota collectra in
)

-

>
,
;

.!
' *'

.

.

O
e

I

~



y .

.
.

:)
i+

1

i JPG's Radiological Environmental Monitoring Program through the

'

Fall. 1987 samplings."

. . .

Air and Biota*

b Analyses of particulate air samples and deer samples have not

'

detected any depleted uranium. A vast majority of results are

less than detection limits. A statistical analysis of these data

is therefore not warranted. There is no. evidence that depletec

uranium has impacted these two potentially importar.: pathways to

man. The remainaer of this report will e.splore in detail the

mecia fer which volum: nous cata appear: soil, sediment, surface

' enter ana groundwater.

Frequenev :istributions

A
'

er r+ lengtny statistical analyses are perIormed it is pruder.t~

to e:: amine the statistical distri bution of the data, because non-

normal di stri out i ons commonly occur in environmental media wnich

can have adverse impacts upon anairsis. A plot of concentra':ica

s + r s'u frequency c: occurranc+ rev-ais a cistinctly bimoon,
n

alst.ribution. A penk aronna 0.8 pCi/g is uue primarily to soi.
,

P i/l1 isCsampies. while a second peak at 0.1 to 0.2 pCi/g (cr

t caused by the other samples analyzed, sediment and water. Some

I
f of the cross-media comparisons to follow could thus be specious,

.I
since no obvious normalizing transformation could be found which

g

b woulo allow one to legitimately combine the data. Figures 1, 2
a

d ano 3 are probit plots of sol. U-234, U-233 and U-205

i(AI(v)rasre :1 vel".
in which concentration is picttec againste

'' rumulative frequency of occurrance as a percentage. A normally
i
s
't
I 2

i
n

CL.
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P
f dist ~ i bu teri popu la ti on o f riata will plot out as o straight-line.

with no obvious breaks and little curvature. If a probit pict
v

i

contains two or more distinct 1r olfferent straignt lines then the

usual inference is that the data consist of two or more distinct'

:
statistically normal populations. A sigmoid, curve or other'

'.
4 pattern different than a straignt line inoicates a non-normally

distributec population. Oftentimes for large plots or
,

i
; environmental data of different media at different locations one
1

~

! will obtain combinations of different populations with different

types of cistributions. For es:ampl e , one might obtain a plot
f
} znowing three distinct populations, one .urmally distribut.ed, one

ivy-normally c_s ributed, and one snowing a negative binemial

en tri but ion . Environmental data containing iarge numbers .I;

results nea r method detection limits will o: ten snov non-

normaistr. In practice tnen, one is ot' ten confronted with unta V

; c er.t a i n i n g samples frem aifferent types c: "real" statist: cal
L

f cistributions to which has been addea further deviation from

6 normality as a result e: annlytical. technique. For relativelr -

simpie cases, s :: c : a ., a wingle log-normativ distr:bar.eu
,

population, one can perform a transformation on tne data, in this^

case taking the logarithm of the concentration data, and thenf

proceeo witu usual parametric statistical tests on the normeu 2 r

I distriburea log concentration cata. Graphical an.. lysis of both

h
) soil U-234 and U-238 reveals a distinctly two component curve.

'

I In both cases the inflection point is around 1 pCi/g. Soil

uranium from the incividual impact areas ( t3. 8,10 and l '. anc the

1 : .o .te t tren councarr locations i J 2 / 4 8. 2 ti / J 7 ,19 / 4 4 and J d i'4 a l was ~

)
,,

1.

|! I
' i

i

l,
.
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tested for normality. Chi-squared significant deviations from

,. /o\ normality (p(0.01) <<ere discovered for U-238 at sites 6 and 12 .

E , ,

and for U-234 at site 12. The two populations of data are

undoubtedly natural ano depleted uranium. This distinction will

be confirmed in later considerations.

The U-235 cistribution probit plottea in Figure 3 presents a

problem. The same d:stinction between depleted and naturni

uranium could suffice to explain the plot, but analysis of

bnseline soil samples incicates that there may oe an analy:ieal

problem. The ra t i o s o f U-2 3 5 t o U-L:8 or U '.'4 4 do not reflect rne

'

f i?:e c ra:ios characteristic of natural uranium. During the

baseline perioc, all U-215 assays were very near method detection

limits. '' Tailing" into the U *.35 r?gion of tne alpna spectrum

may be tne prooiem. Because of tnis, comparisons involving U-235

in scil wil: be treated ligntly in this report, anc not nr nit

for media other than soil. Because of its importance to the

: erall program, soil uranium data will also oc subjectec to a

number of nonparametric tests to assure *nnt ce intions from

nurmality do not produce spurious results. In this report,

unless e::rlicitly stated, subsequent references to the isotopes
!

I of uranium will refer to U-234 and U-238.
i

&

l

Sediment uranium is plotted in figures 4 and 5. Both uranium
I

iset0 pes appear to be normally distributed, with ge:r.etric means
t

!(,
t50% intercepti at about 0.24 pCiig. From the probit analysis

t

! alene one could conclude that depleted uranium is probably not
I

k
5

7'
!
i
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(
) present in sediments at JPG. Later analysis will substantiate

this. One potential problem oovious from the probit plots is the
.

1
detection limit problem, as the dat.1 distributien p'eoits verv near

metnod detection limits. As we shall later see, this does not

2ppear to have caused any problem yet, but should be scrsitinized*

for in the future. The highly normai cata distribution for

seciments should not cause anv problem in later analyses. It'

a
: woula appear that sediment samples from both creeks at JPG are
.

all members of a single statistical distribution, thus

t comparisons between creeits need not be limited.
4

t

4

J

C ' 34 is prooit plotted in Figure ti while surfacei Surface water 4

cater U-23e uppears in Figure T. Acove about 0.05 pC/1, botn -

i isetcpes appear to be approximatelv aarmallv distributed. Ine M
Le

lower concen'.rotion end of the distribution may be due to a#

1

i seconc population naving been sampled ( depleted versus natural:

f, or may be related to cetection limits, which are generally about
.

T

$ .0 W : ./ i .- w a r. e r . 'Nve rthel ess , ainee most of the populat:an
I
~

is normally distributeo and the aberration occurs so near the
( .

f lower end, no untoward problems should be encouni.ered using

familiar parametric statistical tests unless a comparison uses

~ mostir less than 0.05 pCi/l data.

4

i

display the groundwater U-234 and U-238. The U-Figures 8 and o

.. 4 s r.o w s a distinct 1- two component curve witn a break at about'

i 0.2 pC1/1. The U-23e data show a ni;hly compilcatec pattern,

v

;
..

'>

a -
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with three or maybe four components. Figure 10 is the U-234 data''

plotted on log probability paper, which is the equivalent of
7

i plotting the logaritnm of U-234 on linear probit paper. The log
,

transform straightens out the curved low concentration data, but
,

the entire distribution still shows at least two populations.

The logarithmic probability plot of U-238 in groundwater in

Figure 11 does not appear to have been aided by th'e transform,

and is still composed of about 4 populations. Perhaps tne

simplest explanation for these somewhat aberrant statistical

distributions is to conclude that the monitoring wells are simply

sampling from two to four independen't, cifferent populations.

a3timagh in this view it would also appent that 'l-236 nnd 'l-224

behave somewhat cifferently and don't display their close linhage
,

is streng1" as usual. Another possibility is that the celis a re-

enansing tnrough time. Time constraints did net allow muen time

for tne wells to " settle down" before baseline measurements. The

' different components could be a reflection of slight. changes in

tne selubi ity of u r a n i":n in the vicinity of the monit ring

|

|| < r;i .Another possible explanction fOr Ine discontinuous nature.

. >

of th:- groundwater uranium concentrations is that the uranium is,

| f

undergoing a change of valence and therefore solubility and soil
;

exenange site changes. Unfortunately, the cata become too sparse i

1

; te brean cown into smaller subpopulations to get to the root of

A
the proolem. Groundwater is notorious for producing strange

' l concentration and ratio cata. so perhaps not too much should be

t [ made of these statistical distributions, altheugh their effects'
< r

en sui sequent analyses should be kept in mina.

|
,

*

r
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Initial Overview'

! .

In Toble 1 are listed t.lw rasult.s of various, nnnirses of varinnee'

f . performed to detect "significant" factors at work at JPG. The

last column lists the probability of such n relationship being

due to chance, or a fortuitous selection of data which do not

readily represent their underlying statistical d i s t r iisu t i o n .'

This search for major trends illustrates the numerous factors

potentially impacting the monitoring program at JPG and :he
possibility of factors interacting. In general, it would appear

that time is the major influence on surface water uranium while

location wculd appear to be most important for solis, sedimenta
, I

and groundwater. Some strong cros.s-media interactions also

appear to be present at JPG. Subsequent analysis will show

algnificant differences from these initial general trends.

Interaction. j.

Cefore detailed analysis of dota within a given medium was
'

attempted, several combinations of media were examinec for

c o r r e . u '. i c n in on a *. t e m p t. to e inci.2a t e the nature o r . oi.w of the |
.

s,trong interactions inoicated in the analysis of variance. Table'
,

1

% shows the correlar. ion matri: for surface water and groundwater-

a

at JPG. For the correlation coefficients in tne body of the

table to show a significant correlation between two variables it

h
i must e :ceed the critical value snown at the bottom. As expected

frem the analysis of variance. surface -water shows a strong

positive correistion witn time. As in all analyses in this
'

9 study, time is considered as the number of months sin,e f i' r i n e of --

~ .) '
}
a

6
'

f I
- ,
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t

[ depleted uranium commenced at 500 Center, with baseline Iwhen
,

included) being assigned a value of -3. The notation "op" will
,

refer to the operational phase of the DU Program at JPG, and will

include all sampling periods except baseline. Within a given

medium, strong positive correlations are also obtained for the

( two uranium isotopes, as expectoc. The 1ack of correlation
,

between groundwater and site is somewhat misleading, as th=

correlation is really between the site number and uranium

concentration. The heart of the matrix is the intersection of,

surface and groundwater, where onlv very weak insignificant

negati e correlations wtre founo. The strong positive

correlation between time ano surface water uranium, if inoicative

of a causal relationship. must be aept in mind. since any other

v e r i a 'c l e with a similar relationsnip might show a strong

: variance with surface water and be mistaken for a causal

factor. The eenclusion to be crawn from Table 2 is that surface

water ana groundwater uranium do not appear to be linked at JPG.

ilnee ;rouncvater an surface water cic not appear to be linhed,

the correlation between surface water ano sediment was next

i examinec in Table 3. Like groundwater, sediment uranium also did

[ not snow a significant correlation with time, nor aid it
'
.

correlate well with surface water. The linkage between uranium
i
> isotopes appeared to be very strong for sediments, more so than,

fer groundwater or surface water.6

[ p);,

!
.

e

9
:
*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ n.



;, . _f
.h |

I

i !
-

!

I
A four merij um. two isotope correlation matrix (Table 4) was nextr

6 i

p prepared. For this particular combination of locations, onjy i
-

|
? 1

surface water showed a signifiennt correlation with time. A
,

strong negative correlation was found between . site.and soil 1
t
*

i

!
uranium. Again, this is really a correlation between site numoer

I

and uranium concentration and indicates that the lower numbered
sites had the highest uranium concentrations. This in turn is

+

f 4

!simply a consequence of the numbering of locations as one moves

down the 500 Center Line of Fire impact area (6,8,10,12). The
,

.

'enir other signifiennt ccrrelation involving scii uranium, al he i r.
i,

an extremely strong one, was between the isotopes of uranium.

Except for the isotopic correlations and the previously mentioned
efieets of time, no significant cross-media correlations were'

faunc.-

Surface Water U-234 Correlations
.

.

In Table 5 is shown the correlation coefficients for the j
.

,

di f ferent c moinations of surface water sampling site, for U-234.

w miint be e::pec ted for a medium thet flows from c a .- locaLien L .;
,

the next, most of the locations show 's trong posit.ive correla tions j.

witn each other. Within Middlefork Creek, the relations are all

significantly positive. Probably the most noteworthy result is
t

i the lack of significant correlations between sites on Big Creek,
1 specifically the Line of Fire and downstream locations 2 and 3.

| If these lacks of correlation are due to the presence of

cissoicec uepletea uranium, then it also indicates . hat the

hIinfluence is very limited spatially and dct not carry Ic the '

t

|

.f I
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~ boundary. Leaving aside arguments of causation and consequence

: i
' t'o r the time being, it should be pointed out that surface water ;

~ -

locations 2 and 3, Big Creek Line of Fire and immediately
1

downstream, do not correlate witn other surface water samples nor

do they correlate with sediment uranium concentration.

'

Sediment U-234 Correlations

Sediment U-234 was next examined in Table 6. No comoination of

locations within a creek showed a significant correlation, but

the Line of Fire locations neared significance when compered to

taeir respective tao unc a rv sampling locations, t.ith Big Creek

being positive while Middlefork Creek was negative. The

situation with seoiment U-234 contrasts greatly .ith surface
: )

(c: / ' ester cissolvec U-234, where most sites except the Line of Fire
v

snowec strong positive ccrrelations. To a certain entent, this
'

conforms te common sense. Sediment does not move as fast as
.

surface s is t e r , and significant s e d i r.e n t movement and

concentraticn prooably only occur during high run-off events.

Ccavermtr. 'ngnest aissolsed uranium ceneentra.icns are latir.

to ocent during periods of reduced flow. A ditferent time scale
,
,

is taus probably at work. The great differences between
,

:

I dissolved surface water U-234 and sediment U-234 would also tenc

to argue against one being the source term for the other. If |
.

1

?'

: either were a strong source for the other, then one might expect

a strong correlation to exist. Besides not correlating with each
!

|_ (,a) other. the site t .3 site correlations are aisa vastly different
\

m./

U ano tend to argue against a strong interaction. |
|
|

P

l
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s
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- Groundwater U-234 Correintions
t

"Grounowater U-234 correlations were next examined in Table 7. A

' strong negative correlation was observed between monitoring weliv
^

numbers 1 and 6. Monitoring well number 6 has consistently.shesn

,

relatively high uranium concentrations, even ditring the baseline
,

study, while well number 1 has been one of the lower ones. Well

number 6 is also the only well which dces not penetrate all the

way to bedrock. The original baseline study conclusion, that

well number 6 samples a distinctly different source of water, is
,

still believed to be correct. Witn this one except.ien, none of

h
'

the monitoring wells correlates si gni fican tl y with a n:. of the

etners and, thus appear to be independent, or uniinis e d . This

f corrocerates the conclusions arrived at in the earlier

1 examination of frequency distributions.

l. Soil Uranium - 234
,

&

:
*The correlation matrix for impact area scils sersus neighbering.

1

k
i r. . ::-i mpa c t area soils for C-234 appear.s in table S. Sites JU/43

i show a strong correlation with sites 26/47. This is of little
i

f consequence. Within the impact area, sites 6 and 12 show a very

strong positive correlation. It is tempting to speculate that

rounds which ricochet from 6rea 6 tend to land in area 12.:

.

! Whatever the reason, these sites are directly in the Line of
|

>

L Fire. Perhaps more surprising is the lack of significant |
|

ccrrelation between the other impact area soils.'

.

J
f |
'

12 |

I |

1

.. 1
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Sediment U-238 Correlations .
' ,-

?

.y
X Table 9 illustrates correlation. coef ficients for sediment U-238 f.

~

| cencentrations. The situation is the same as U-234, with no real '

s

; strong correlations. The closest to significance is a negative
;

correlation between Middlefork Creek Line of Fire and the
bounaary location. The sediment sampling locations appear.to be ,

-

essentially unlinked, or independent of each other. ,

;

Surface Water U-238 Correlations
*

.

r

The correlation matrix for U-238 in surface water is in Table 10.
.

Again the situation is like that of U-234, with most of the

sampling' locations showing significant, and in all cases

positive, correlations- Again the weakest correlations appeared
'

t
'

O)y between locations 2 ano 3 and between either of them and all
Dj

others. The cenclusion that surface water samples show strong '

lin! age and interaepenaence for U-234 is also true for U-238.,

,

'

Groundwater U-238 Correlations
i

Grounavater U-238 monitoring well correlations (Table Ili snow

the same bordering on significance, negati.e correlation between

k wells 1 and 6; however, a significant negative correlation new
1

i also occurs between locations 2 and 7. As will later be seen,

L well 2 has shown an unusual steady decrease in concentration
L

through time, probably the most inexplicable pattern among any of
:
'

the monitoring wells. For each of the pairs of negative

correistions. the well with the highest concentration of U-238

e occurs on opposite sices of the impact area. No causative
$

!

|h
13

o

.
___
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,

explan'ation is apparent to explain this behavior other than the

previously viewed conjecture that the wells are sampling ,

'

different sources which just happen to be moving in opposite*

directions.

.

Soil U-238 Correlations
1

The correlation matrix for U-238 in impact and non-impact areas

appears as Table 12. The same significant correlations which

appeared for U-234 also appear for U-238. Two pairs of locations

' show significant positive correlations: sites 6 and 12 in the

impact area and sites 36/43 and 26/47 in the non-impact area.

The impact area correlations for U- 2.~. I and U-238 both involve

nen-normally distributed variables, however. It is highly

probable that the impact area correlations reflect causation,
,

U
that being the impact of depleted uranium projectiles.

Regressions - U-238 in Sediments,

*

Concentrations of U-238 in Big creek sedimeur.S appear in Figure

a

6 12. shlie isotopic ratios for the same samples appenr in Figure

f 13. Results of regressions involving these same locations appear

,
in the top half of Table 13. A cursory examination of the

,

concentration data might lead one to suspect the presence of

( depleted uranium during two periods. The Big Creek boundary

sampling location showed slightly elevated concentrations first

during months 1 and 9 after firing commenced .and appears to-be

joined by downstream location 8 ouring a second peak during

o_ ,s 2e _ x. m ing th. <1rs, pea m ee ... top 1e re , o s nt

j
- _ -
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.

the boundary location appear to be perfectly natural, and thus l
-

show that at least the first peak is not depleted uranium. The

f second peak, during months 25 and 30, do show somewhat the i

depressed isotopic ratios characteristic of depleted uranium,

however, the concentrations of U-238 at that time are.still less
.

than half of background soil for the area. Regressions of U-238

on U-234 for each Big Creek sampling location, and for all of

them combined, all have slopes of approximately one, which is*

consistent with the isotopic ratio of one characteristic of
.

natural uranium. Regressions of U-234 on time for the Line of 1

.

Fire sampling 1cca ti on does show a significant effect, altnough i

!

it is negatise and of extremely small magnitude. There is no

unequivecal evidence for the presence of depleted uranium in Big j

Creek sediments. A majcrity of the evidence indicates only

natural uranium is present. If there has been an impact, it was .

I

very slight and is declining with time. |
1

|

|

!
1

1

Middlefork Creek U-238 in sediment concentrations appear in

Figure 14, w;tn isotopic ratios illustratec in Figure 15. The

associated regressions appear in the lower half of' Table 13. All
,

the uranium appears to be natural, with the only significant
,

f trend being negative with respect to time for both isotopes at
,
i the Line of Fire sampling location. Since the trend is negative,
i

the uranium is natural, and the concentrations higher than in Big*

, .

Creek, the uranium movement observed is probably the result of !

L
J A) erosien from the construction activities associated with building.. !

k,[ V the observation post in the area. Since both creeks'show a

f
i
!

15
1
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significant regression of uranium on time for only the Line of
;

Fire locations, it implies causality. The most likely candidates .

for a cause are disturbance of substrate due to impact or
'

g

s
i disturbance from construction. Since both trends are negative

[
|

and both involve natural uranium (isotopic ratios about 11, the

iI initial construction in the areas followed -by run-off is most
1

likely the cause,*

.

k
Regressions - Cranium in Surface Water

d

h

j Uranium 238 concentrations in Big Creek appear in Figure 16.
'

Figure 17 illustrates C-238 in Sliddlefork Creek. while figuresL

i

k
18, 19 and 20 show isotopic ratic for both creeks. Table 14

{ .contains the results of regressions involving dissolved uranium

I
in the creeks. With tne exceptions of the more recent location

>IE and the upstream )!iudlefork Creek location SE, all regressions

y of U-238 and C-234 on time and on each other were significantly

f
positive. This pattern is suggestive of a basin-wide natural"

i effect, since the Big Creek upstream location is included. 1
,

t il m. e v e r , the ratio U-238/L-231 f .; r Big Creek ias 7.08 to 1.; I
s

nigh1:- indicative of aepleted urnnium, while the same ratic for |
!> .

Sliddlefork Creek was 0.86 to 1, indicating natural uranium. It j
,,
I

would thus appear that there is a natural pattern of increasing

uranium concentration in water, perhaps weather related, upon

which is superimposed in Big Creek a significant amount of

depleted uranium. The isotopic ratio of 0.99 to 1 ~ tor the

! upstream mig Creek location NE reflects natural uranium while the

Line of Fire location N shows a ratio of S.2 to 1, c l e a r l :-

depleted uranium. Also wir.h the exception of location N. all

i

1s
|

;
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,q - uranium concentr'ations are well less than 1 pCi/1. So although

the Big Creek has clearly been impacted by test activities, the

low concentrations do not indicate any substantial hazard er;ists.

With respect to uranium, all water samples would meet existing or

proposed Safe Drinking Water Act regulations. The apparently

natural increase in uranium cor. centration tends to exaggerate

this effect. This increasing trend will probably continue with

the low precipitation, near drought conditions of.1987 and 1988,

but will be well worth observing closely whenever high meisture

conditions return to Jefferson Proving Ground.

Regressions - Groundwater Uranium

Figures 21 and 22 illustrate groundwater U-233 concentrations in

wells tc the East and West of the impact area, while isotopic

ratics are shown in figures 23 and 24. Several difficult to

explain patterns are evident frcm the regressions in Table 15.
The wells along the East side show a significant decrease in U-

234 concentration with time. U-239 shows no such pattern

ocerali, but is clear 1r in a cecline in monitoring well number 2.

This decline is not present in West sice wells, which are

believed to be located down gradient from the East side wells and

the impact area. In contrast, U-238 in West side wells shows a

nearly significant, although slight, increase with time. There

appears to be an excess of U-234 relative to U-238. Excess U-234

commonly occurs in groundwater. A U-238/U-234 ratio as low as

O 0.33 to 1 would not be une?:pected. The biggest problem with the
}

-( U-234 excess is that it may mask somewnat depleted uranium.

17,

s

}
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; However, if the baseline and i month sampies are excluded, the
e

g uranium concentrations and ratios appear to fluctuate randomly

and do not indicate a significant trend. The changing
'

*

concentrations of uranium with time may be related to
h.

construction, either of the wells themselves or-other structures'

in the area. At any rate. the monitoring wells do not show ine
!

presence of depleted uranium.

Regressions - Cranium in Soil |

Figures 25 through 33 show soil uranium and isotopic ratios for

|the three firing positions. both 1.i n e of Fire sites ana
|

impact area boundary sites. Depleted uranium in the impact areas )
1
i

appears to be distributed in a narrow band, with little lateral -|

movement. Tne length of the band would appear to be at least
,

1200 meters long. the distance from location 6 to location 12. i

V'
|

Special samples taken around location 6 indicates that most of
,

- the cepleted uranium is on or near the surface. Some
.

regressions, significant and otherwise, are shown in Table 18.'
.

, _ Interestingly, none of the regressions of uranium on time during

the operational phase show significance, although the lack of
,

> normality for some of the soil data may be influencing the

; regression analysis. The extreme values taken on by the isotopic

)
; racios clearly indicates depleted uranium, as do concentration
+

I data relative to baseline. To get around the lack of normality
.

I problem, Mann-Whitney C tests were performed. comparing each .

j sampling period soil results against baseline and each other.

i 'wn t : ! results do net ciffer signifienntly from baseline, but
,

! all subsequent months except month 32 are significantly different
.

( 18

a
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than baseline. A Kruskal-Wallis test, a sort of "' nonparametric'

-p
analysis of variance", was then run, which indicated that times

.L

was a significant factor in soil concentrations of both U-238 and

U-234. Generally, Mann-Whitney U tests do not show significant

differences between adjacent sampling periods from month 9
'

onwards, however the month 32 samples are different than the

month 25 samples, and differ from month 37 at a lower confidence !

!

level (p < 0.1). Month 32 was an unusual sampling period, in

that the highest uranium concentration yet found, about 200'

pCi/g, was detected at location 6, but at the same time the **J"

and "E" Lines of Fire showed no depleted uranium. Impact arens

more typically show concentrations of U-238 from backgrounn to

around 60 pCi/g and ratios U-238/U-234 of about 8 to 1. Although

the Kruskal-Wallis test did identify time as a significant factor

affecting soil uranium concentration, it does not appear that

uranium concentrations are increasing with time. It appears to

be more of a case of the uranium being either elevated or net.

Once depleted uranium reaches an area it appears to be persistent
i

but net dramaticalay chansing. About the clearest effect cf time
.

involves location 12, which did not show depletegs uranium until
,

several hundreds of meters of trees were cleared by impacts.
!
:
f Cross-media Regressions;
.

|
Table 17 shows the results of regressing uranium concentrations

,

across different media. The first two regressions, which were|

[ the only ones significant tp < 0.05), relate U-238 in monitoring

'VG
|T wells with sediments or U-238 in monitoring wells with t~-234 in
1 ;
|J
.

.

19
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i s<siments. Since both media had components which were decreasing

f
with time, the relationship may be~ fortuitous, -although as

j
.

r.

j previously mentioned construction activity may have impacted both
t
7 of them. The rest of the relations are ins igni fican t . It is
t.

somewhat surprising that none of the media at JPG appear to be
|
.

I linked.
t

Summary of Major Trends
:

I
Several major trenas are evident from the data procuced in the |

- Radiological Environmental Monitoring Program at Jefferson

|Proving Grounc. First, soft target firing of DU rounds causes a'

i

f I
fairi" rapid build-up in soil along a narrow band o '. e r a

,

!'

i kilometer long along the line of fire in tne impact area.
\'

Concentrations in these areas ci o not appeur to dramatically

change with time, although cue t c, the non-normal distribution 'h'
./ <

e

" hot spots" will occasionally be sampled. Uranium concentration'

I
in seciment has shown a steady decrease in time. This decrease

:
6 is natural uranium and probably was caused by the initial

.

.~
t censtruction in the depleted tiranium ranges. It thus appears;

that natural uranium in soli becomes leachable when it enters the
L

creeks as sediment. This leaching could cause increased
.

dissolved uranium in surface water, but the statistical relations
;

one would expect if this were the case have yet to appear.
i

Groundwater showed an initial decline, probably related to the

construction of the wells themselves , 'with little change since

bii: subject to much well to nell variability. Probably the most

troublesome trend is the stendv increase in dissolved uranium in
,

surface waters at JpG. This increase consist.s of both natural

20
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and depleted uranium, although the concentrations are at levelss
;

* |
/ well below concern. The cause of this trend is unknown, but may

be related to precipitation and run-off patterns. erosion and

leaching of sediment, or both. Evaporation during low flow,

periods will naturally cause an increase in dissolved substances.

This trend should be observed closely in the future,.particularly

after moisture levels and run-off return to more normal levels.
.

Recommendations

In general, the DC monitoring program at JpG appears to be coing
,

what it is supposed to, that is monitoring the presence of

depleted uranium in mafor environmental pathways and

ecmpartments. Because of the large inventory of unrecovered

uranium and the heterogeneity of groundwater, the program eculd

be improved by the installation of several additional monitering

wells in the immediate impact area. Several additional soil

samples should also be collected further down range, as the

' projectiles appear te carry farther than originally anticipated.

Howeser. since the centaminated =cne appears to be very narrow,.

there is no need to expand the sampling grid sideways. If
.

resources become restrictive, consideration should be given to a

tradeoff between soil sampling off the line of fire and more

sampling down range. Particular care should be exercised in the,

I

{ future surface water collections to avoid any possible
'

centamination of the samples. The increasing trend with time for
, ,c-

!' i surface water uranium ecuid be the result of sample
%

fd
centamination. It is very important that this trend be closely

4

h
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I watched .' as surface water contamination will have an immediate

impact off site if it continues. The advisability of cleaning up
2

t
k soil to 100 pCi/g is also questionable, as the impacted area is
t

obviously much larger than the sample areas. As long as the+

sampling sites remain stationary, such cleanup could seriously
bias the sampling program, with soil above 100 pC1/g occurring

everrwhere along the line of fire except the sampling locations.

This source of bias should be removed, or a systematic sampling
,

program devised which does not use fixed sampling sites. Tne

,
cleanups should cover a larger area, or special high density

sampling should be performed te verir: that cleanup activities

have not ;empromised the routine anmpling program.

2
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,

t

,

a
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k
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Table 1. Analyses of variance for Jefferson Proving Groundp

Radiological Monitoring Program media. S.W.= surface water;

G.W.= groundwater; op= operational; sed = sediment; 1-W, 2-W. 3-W =*
<

?

| one,two and three way ANOVA.

I
: -

Location Medium Time Type Variable Probability

5

Big Cr. S.W. op 1-W U-238 by' month. .0680

Big Cr. S.W. op 1-W U-234 by month 5.92-3
,

Big Cr. S.W. op 2-W by isotope .2917

) by month .3141

interaction .4771
i

Misclefork Cr. S.W. op 2-W by isotope .8461

by location .7867.,

interaction .9107
.

Midcleierk Cr. S.W. cp 2-W by isotope .GT43

by month 4.9E-11,

i interaction .9984;

) Middlefork Cr. S.W. op 1-W U-238 by location .9404
,

| Middleferk Cr. S.W. op 1-W U-234 by location .77G9

Middlefork Cr. S.W. op 1-W U-238 by month 8.2E-6

Middlefork Cr. S.W. op 1-W ' U-234 by month 5.7E-55
i

| All S.W. op 1-W U-234 by location .9633

All S.W. op 1-W U-238 by location .4339

All S.W. op 1-W U-234 by month 1.29E-8
i

All S.W. op 1-W U-238 by month .0264

e''y All S.W. op 2-W by isotope .2902
8

k s_- by month 1.1E-3 |

! interaction .4382 |
4

23
l

i



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

..

,

fc
?

2 Table I continuec.

Location Medium Time Type Variable Probabilitv ])

All all all 1-W U-238 by month 8.7E-4

All soil all 1-W U-238 by month .0113

All soil all 1-W U-234 by month .0125

500C impact
vs nonimpact soil op 1-W U-238 by location 4.4E-7

500C impact
vs nonimpact soil op 1-W U-234 by location 2.7E-7

All sed op 2-W U-238 by location 1.8E-6

U-233 by month .6905

All sea op 2-W U-231 by location 2.5E-7.

C-234 by month .81SJ
-

We21s 1-0 G.W. op 2-k U-234 by location 1.9E-4

U-234 by month .5959 'l
s,d

All G.W. op - 25 2-W U-234 by location 2.8E-4

U-234 br month .5268
.

Wells 1-6 G.W. op 2-V U-238 by location 1.9E-4
,

U-238 by month .0546

Ali G.W. op - 25 2-W U-238 by location 1.1E-4
:

U-238 by month .0650.

f Sites 1-8 sed op 3-W U-238 by medium 2.9E-13
4

I S.W. U-238 by month .1729
: \

G.W. U-238 by location 1.8E-7

medium by month 7.0E-4

medium by locat. 2.8E-28

menta by location 2.2E-6
i

-

[
medium by month by location <.0001

'

t
i

f
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Table 2. Correlation matrix, surface water (SW) and groundwater
,_

f, s\
N ,/ (GW1 for uranium at Jefferson Proving Ground. Missing values

deleted and duplicates averaged before analysis.

Month Site SW-234 SW-238 GW-234 GW-238

Month 1

Site .00973 1

|

SW-234 .60307 .04579 1 I
i

SW-238 .32714 .14292 .62859 1

GW-234 .08966 .02309 .13655 .10656 1

GW-238 .13642 .17984 .05552 .10863 .92351 1

Critical value (1-tail, .05) =+or- .20595

+/- .24J95C:itical value (2-tail, .05) =

|

l
i

I
I

:

-

/~-

P, 4

!

(x
,

25'

i
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.) Table 3. Correlation matrix, sediment IMI and surface water

(SW), Jefferson Proving Ground. Missing values deletec anc
i

duplicates averaged before analysis.

' Month Site H-234 H-238 SW-234 SW-238

Month 1

Site .00435 1
.

>
i M-234 .05654 .12671 1

| M-238 .05761 .12804 .96672 1
,

| SW-234 .59721 .00518 .12476 .05366 1

; SW-238 .32545 .13659 .11200 10521 .G2601 1'

&

Critiral value ( 1 - r. a i l . .05) =+or- .204.:6

Critical value (2-: 11, .05) = -r- .24208 %
;

.

9
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.

i
;

I .
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'
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I
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,
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,,f Table 4. Correlation matrix, 500 Center impact area soils (S),

t (r~^x, Big Creek sediments (M) and surface water (SW), and East side
)*

.h'd groundwater (GW), Jefferson-Proving Grouna. Missing values
,

,P deletea and duplicates averaged before analysis.

8
f

Month Site S-234 S-238 M-234 M-238 SW-234 SW-238
:

Month I

v Site .0000 1

f.
S-234 .2170 .4011 1

,

S-238 .2139 .3936 .9990 1
7
C

M-234 .a431 .0964 .0400 .0523 1

M-136 .0419 .1479 .0880 .1009 .9097 1
.

Sh-234 .5744 .0126 .0450 .0490 .1884 .1468 1

SW-23e .3459 0760 .0520 .0463 .1566 .1603 .5713 1-
/
( ,) GW-234 .2440 .1862 .0390 .0445 .0634 .0622 .1370 . *025

GV-233 .0145 .2351 .0192 .0254 .0717 .1119 .0169 .1202

.

GW-234 GW-238

( GV-2J4 1 .

i
| i. F.i-233 .3033 1

i
i -

.

Critical value (1-tail. .05) =+or- . :' 7 8 8

i Critical value (2-tail, .05) = +/- .3286

<t

t

t .

| 2,

9
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{ Table 5. Correlation matrix for C-234 in surface water during

- operational phase of JPG Radiological .Itn ironmental iluni t.o r i n g

Program.,

.

Big Creek | .Allddle fork Creek
3

up LCF down BN | up LOF aown BS.

Loc 1 Loc 2 Loc 3 Loc 4| Loc 5 Loc S Loc 7 Loc S
,

:
Loc 1 1

Loc 2 .8468 1

.
Lee 3 .7213 .7011 1

* Loc 4 .9182 .9212 .8569 i

Loe 5 .8561 .8353 .4684 .7209 1

Loc 0 .8570 .9926 .5603 .7770 .9383 1-

Loc i .9166 .7816 .7672 .8711 .8339 .851S 1

V
Loc 8 .3573 .9359 .S59-4 .9462 .7956 .86c0 .90.75 1

.

Critical value (1-tail, .05) =+or- .7397

I '; r i '. i c a l value (2-tail. .05) = +/- .3116
-

1

1 -

f
1

.

.

6
9

.

S

,-,

.;

1

1 28 |
|
;
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Tnble 6. Correlation matrix for C-234 in sediments during

) !

V operational phase of JPG Radiological Environmental Monitoring' ;

J

?Program.
,

Big Creek | Middlefork Creek
,

up LOF down BN ! up LOF down BS

Loc 4 Loc 5 Loc 8 Loc 2 ; Loc 3 Loc 6- Loc 7 Loc 1
r

Loc 4 1

:

Loc 5 .4380 1 |

Loc 8 .1583 .0923 1
,

Loc 2 .3138 .5964 .0108 1
,

|
Loc 3 .6741 .0594 .0704 .3369 1 ;-

I

Loc.6 .2439 .3801 .2090 .7592 . 010'' 1
:

,P Loc 7 .0376 .0195 .5076 .0789 .2429 .3245 1

4,
A Loc 1 .4148 .1929 .3009 .2075 .5340 .6334 .5248 1 |

Critical value (1-tail, .05) = + or - .6266

+/ .7048C:itical value (2-tail, .05) =

.

I
s

N'x .

29e .

.
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Table 7. Correintion matrix for U-234 in groundwater during

[ operational phase of JPG ' Radiological Environmental . Monitoring

! Program.

-

i

| Loc 1 Loc 2 Loc 3 Loe 4 Loe 5 Loc 6 Loc 7 Loe 6
1*
.

' oc 1 1I'

i Loc 2 .4326 1

).

Loc 3 .0619 .5210 1
;
$
a Loc 4 .2766 .2171 .5768 1

i
|

) Loc 5 .2196 .2341 .5943 .416E :
'

) Loc d .9453 .4226 .1913 .2828 .0490 1

I
} Lee 7 .1850 .6094 .1443 .2184 .3870 .1.316 1
v

Loc 8 .6351 .3328 .2R"3 .0429 .3204 . 6 2 2 ti "294 1.

i.
L

.

Critical value (1-tail, .05) = +or- .6705'
.

k -

|
critical vajue (2-tail. .05) = +/- .7532

t )
1 -

| 1

, 1
(

-.

a
.,

30
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z- s, Table 8. Correlation matri : for U-234 in soils from impact areas'

'/ )
'

kb (sites 6,8,10 and 12) and neighboring non-impact areas (sites
?

36/43.19/44,26/47 and 32/48).
.

i'
6 8 10 12 36 19 26 32

6 1
x

8 .5016 1

10 .1896 .2070 1

12 .9328 .4611 .2445 1

36 .3464 .0804 .7089 .3858 1

19 .682G .3962 .2877 .7362 .0578 1

26 .5325 .1619 .6198 .7008 .8589 .2823 1 |
.

|

32 .2263 .3473 .4046 .4514 .5051 .0664 .7092 1

Critical value (1-tail, .05) =+cc- .6765

Critical value (2-tail. .05) = +/- .7532

:

|

|
1

e

o

6
5 1

I
!

U

,

s

,s-
0

k
'

31
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I Table 9. Correlation matri.; for L'-238 in sediment during
a

~eperational phase of JPG Radiological Invironmental .Nonitoring

i Program,
e

b
"

Y

Big Creek | .Middlefotk Creek'

.

h up LOF down BN i up LOF down BS

Loc 4 Lcc 5 Loc 8 Loc 2 : Loc d Loc 6 Loc 7 Loc 1

;
I Loc 4 1
,

Loc 5 .1900 1
* .

I Loc 8 .2483 .2784 1 -

4

Loc 2 .2928 .2472 .1928 1

Loc 3 .5685 .0199 .2262 .2119 1

f Loc 6 .2154 .0937 .4687 .6104 .0126 1
g
.

Loc 7 .1706 .3903 .0782 .2704 .2725 .3497 1
,

1

} Lee i .:093 .4922 .5313 .0437 . J9 32 . 6109 .3809 1

f Critical value (1-tail, .05) = + or - .6266-

.

I
t/- .7048Critical value t2-tail, .05) =

|I |

I !.6

'h
,

|.
:-

;

1

|

|

|
|

|
|

9_
'

N

;

32
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Table 10. Correlation matrix for U-238 in surface water during
'

,. P3
? 8

O operational phase of JPG Radiological Environmental .Nonitoring
1
,

Program.

f Big Creek | Middlefork Creek
1

.

'

' ' . up LOF down BN | up LOF down BS
?

Lee 1 Loc 2 Loc 3 Loc 4 | Loc 5 Loc 6 Loc 7 Loc 8

Loc 1 1 i

|
'

Loc 2 .7982 1

Loe 3 .7954 .7815 1

e

Loc 4 .9124 .9534 .8260 1
i

Lac 5 .9007 .8339 .5G14 .8929 i

Loc 6 .7990 .9308 .5850 .9344 .9359 1

+

Lee 7 .8006 .7356 .5348 .8707 .8746 .8378 1 ,

[ !

Q Lee 8 .3517 .8987 .8573 .9082 .8046 .8G80 .8710 1

<

Critical value (1-tail, .05) =e or - .7397

+/- .8116 jCritical value (2-tail, .05) =*

.,

|
-

. ,

e

'

|

|

i
i
3- 1

t 1

,
t
>
-,
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' Table 11. Correlaton matrix for l'-238 in groundwater during

operational phase of JPG Radiological Environmental . Monitoring

Program.
.

Loc 1 Loc 2 Loc 3 Loc 4 Luc 5 Loc 5 Loc 7 Lee B

Loc 1 1

Loc 2 .6072 1

~

Loc 3 .1607 .4008 i-

Loc 4 .1208 .0150 .2752 1 .

) Loc 5 .3715 .1490 .4624 .705G 1

,

Loc G .7496 .1616 .3702 .1749 .1421 1

5

Loc 7 .4626 .7901 .3905 .5588 .5139 1

.

Loc 3 .1171 .1353 .0077 .5611 .827.4 .4735 .3221 1

,

'
Critica2 value (1-tail. .05) = ,or- .6765 )
Critical value (2-tail, .05) = +/- .7532

.

S

w

a

.I
%

?

.-

I

u
I
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I
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N

*



i

-_. __ . _ _ _

.k
Y
y
b Table 12. Correlation matrix for L*-238 in soils fiom impact
,_ ,

~.- y areas (sites 6,8,10 and 12) and neighboring non-impact areas

isites 36/43,19/44,26,47 and 32/48).'

1
i

6 8 10 12 36 19 26 32*

I 6 1
s

S .5610 1

10 .1949 .1773 1

12 .9346 .5198 .2957 1

; 36 .2877 .1203 .5908 .4069 1

19 .5709 .0614 .4192 .6063 .0818 1

26 .3352 .1866 .5448 .5732 .8346 .4206 1

32 .1833 .3149 .4376 .3934 .7079 .0475 .6615 1

Critical "alue i1-tail, .05) = + or - .6765

+/- .7532Critical value i2-tail, .05) =

!

s

e

-

t
I i

i i

i

|.

k

a

'

4

b 1

e
i
a
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Table 13. Results of regressions of uranium in sediments, JPG

g

Radiological Environmental Monitoring' Program.
' ~

-e
e

Variables Location slope intercept r r- prob.

.

U-238 x time M-4 -2.5E-3 .24 .48 .23 .1385
.

U-234 x time M-4 -2.2E-3 .02 .49 .24 .~1520
g
~

U-238 x U-234 M-4 1.12 .0168 .945 .892 .0004
.

U-238 x time M-5 -1.7E-J .22 .33 .11 .3804
. .

<
i U-234 x time M-5 -3.1E-3 .22 .75 .56 .0208

h, U-238 x U-234 M-5 1.04 .022 .84 .71 .0042

s

1 U "38 x time M-8 9.6E-1 .17 .10 .01 .3129
t

U-234 x time M-8 -5.3E-4 .16 .09 .01 .3320
*

U-238 x U-234 M-3 .9615 .0482 .61 .38 .1049

f
9 U-238 x time M-2 -5.5E-3 .39 .44 .20 .2302
e
t

' U-234 s time M-2 -6.4E-J .38 .51 .26 .1505
t-

. -

U-238 x U-234 M-2 .9369 .0406 .937 .877 .0002
!

t U-238 x time Big Creek -2.5E-3 .00 ._8 .08 .1003''

U-23i x time Big Creek -3.3E-3 .20 41 .17 .0133
.

1
U-236 : U-234 Big Creek .959 .032 .57 .76 c.0001

.

U-238 .s time Mdifk Cr. 1.4E-4 .55 .008 <.01 .9615

L U-234 x time Mdlfk Cr. -7.1E-5 .56 .004 <.01 .9812

a U-238 : U-23! Mdith Cr. .954 .023 .974 .948 '.0001

U-238 x time M-3 -9.2E-4 74 .05 .00 .8886'

F U-234"x time M-3 6.1E-4 .73 .03 .00 .9355

U-238 x U-234 M-3 .8166 .0944 .961 .923 <.0001 .
;

I U-238 x time M-6 .01 .82 .71 .50 .0334 gggg

l g
U- 2.14 x time M-d .0099 .81 .72 .52 .0295

. -

$-)U-238 x U-234 M-6 1.05? .034 .99] .982 <.0001
|

| 36
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Ir'~'' Table 13 continued. -

>

( ,

~

4% *

-) .)-

- Variables Loention slope intercept r r- prob.
t
.

',$
>
a U-238 x time M-7 7.5E-3 .23 .48 .23 .0312

U-234 x time- M-7 6.4E-3 .28 .40 .16 .3190
;

U-238 x U-234 M-7 .9827 .0154 .989 .978 <.0001
'

i U-238 x time M-1 7.3E-3 .32 .53 .28 .1119 i

U-234 x time M-1 5.7E-3 .32 .46 .21 .1796

|
U-238 x U-234 M-1 1.065 -1.5E-4 .967 .936 <.0001

U-238 x time All -9.4E-4 .40 .03 .003 .6636
i

U-234 x time All -1.4E-3 .40 .08 .006 .5177

U-238 x U-234 All .94 .03 .373 .946 s.0001

U-234 x U-234 M-4 x M-2 .0708 .1435 .31 .10 .4490

b U-238 U-238 h-4 x M-3 .080'2 .2152 .57 .32 .1414 j

U-238 x U-233 M-6 x M-8 .794 .737 .47 .22 .2414

U-238 x U-238 M-6 x M-1 .676 .908 .85 42 .0830
|
1

.

.

';
.

1

e

I

e

i
i
t
8. -

i

, h

i ,
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. . . ~
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i Table 14. Results of regressions of uranium in surface water .

JPG Radiological Environmental Monitoring Program. -
.- .,3

,

# o

$ V.trinbl x I.or s t i on =iope i tir arr *pt r r- prob.

4

i
U-238 x time All 1.15E-2 - .044 ' .33 .11 .0000

,

8 U-234 x time All 3.71E-3 .043 .58 .33 .0001

U-238 x U-234 All 3.54 .289 .69 .48 <.0001
i

. U-238 x time Big Cr. 1.71E-2 .0525 .39 .15 .0083
:
k U-234 x time Big Cr. 3.39E-3 .061 .62 .38 <.0001 .

I
j U-2J8 : U-234 Big Cr. 7.08 .61 .91 .83 . 0001

U-238 x time Mdifrk Cr. 5.3E-3 .0044 .71 .50 (.0001
,

,

U-234 x time Ndifrk Cr. 5.4E-3 .0095 .63 .46 <.0010a*

5. .

} U-208 x U-234 Mdifrk Cr. .37 .009 .98 .96 <:.0010.

'

:
U-238 x time NE up 2.6E-3 .064 .67 .45 .0232

.

U-234 x time NE up 2.1E-3 .064 .73 .54 .v103 .-

U *33 x U-234 NE up .99 .014 .70 .49 .0168
f 2 4

4

e

I U-238 x time N LOF .053 .320 .70 .49 .0117 |

U-2:u x time N LOF 6.7E-3 .041 .78 .00 .0033
-

,

| |-233 x U-234 N LOF d.2 .G8 .98 .96 .0001

U-238 x time NW down 3.8E-3 .061 .74 .55 .0094

u
U-234 x time NW down 2.0E-3 .078 .65 .42 .0301

U-236 .. U-234 NW down 1.07 .0060 .64 .41 .0326

U-23S x time EN 2.7E-3 .066 .77 .59 .0096

U-234 x time BN 2.0E-3 .071 .80 .64 01183

U "38 x U-234 BS 1.33 .030 .94 .88 <.0001

C-236 . time SE up 1.6E-3 .043 .69 .47 .0603

L-2Ji : time SE up 3.8E-3 .05 .69 .47 J0599
d, .-

-

38
.
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Table 14 continued.
r. , ,T 1

(*

\ ,,) Variables Location slope intercept r r- prob.
*

:
D

U-238 x U-234 SE up .86 .0014 .997 .993 <.0001

:
U-238 x time S LOF 5.1E-3 9.5E-4 .81 .65 .0087'

U-234 x time S LOF 4.5E-3 -4.0E-4 79 .63 .0110

U-238 x U-234 S LOF 1.10 .0052 .983 .966 <.0001

U-238 x time SW down 5.7E-3 .022 .87 .75 .0025

U-234 x time SW down 6.0E-3 .018 .81 .67 .0071

U-238 x U-234 SW down .86 3.4E-3 .975 ,95 (.0001

U-238 x time BS 3.0E-3 .070 .i6 .57 .0294'

.

.

E-234 x time BS 3.8E-3 .066 .63 .70 .0135 -

C-23e U-234 ES .80 .017 .978 .957 s.0001

/''N U-238 x time ME 1.1E-3 .020 .24 .06 .6390
e

A' U-234 , time ME 7.1E-4 .032 .17 .03 7487

U-233 . U-234 ME 1.0 .0027 .967 .935 .0016

1

k

o

a

II

,

!
6

lll
,

|i >
!

4 ;

I

|
|
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Table 15. Results of regressions of uranium in groundwater, JPG
q Raciological Environmental Honitoring Program.

..

1
s

L
.,

Variables location slope intercept r r- prob.
,

I.
; U-234 x time All .0081 1.132 .11 .01 .2768r

&

I U-238 x time All .0048 .708 .11 .01 .2843

C-238 x U-234 All .4956 .3028 .S2 .68 4. 0001
,

U-234 x time East side .0259 1.423 .30 .09 .0039
,

C-238 x time East side -1.26E-3 .714 .03 <.01 .8354

U-238 x U-234 East side .3814 .3300 .79 .62 .0001

U-238 x time West side .0117 .6961 .26 .07 .0722

U-234 *: time West side .010G .8605 .18 .00 .2014

1 .

17-238 x U-234 We st side .7501 .1166 .344 .391 .0001
3

U-234 MW-6 x MW-1 -3.91 3.07 .945 .894 .0001'

(%
U-204 MW 7 , !F-2 .2194 1.35 .67 .45 .1000,

.,_,*

i

i U-238 MW-6 x MW-1 -1.91G 2.152 .75 .56 .0524
'

C-238 MW-7 x MW-2 .3037 1.0724 .80 .33 .0322

L

U - 2 4 .-: MW-3 x MW-5 .3569 .3393 .5. .63 . 0 2_' 2
*

r

.

|

|

i

i O
, .

'
/

w' |
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%
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V
'

|/ .

'Nt
-f' I Table 16. Results of regressions of uranium in soil, JPG

i /as
I

j Radiological Environmental Monitoring Program.

> .,

'

Variables Location slope intercept r r' prob.

i
:
b

I *d-234 x time All w/ base .0258 .982 .17 .03 .0224

U-238 x time All w/ base .217 2 62 .17 .03 .0231

U-235 x time All w/ base .006 .065 .17 .03 .0166

U-238 x U-234 All w/ base 8.41 -5.64 .994 .988 '. 0001

U-233 U-234 All w/ base .218 .143 .984 .968 <.0001

' U-235 x U-233 all w/ base .0258 .0031 .988 .975 <.0001

U-238 x U-234 Baseline .9653 .0737 .934 .873 r.0001'

4

U-235 : U-234 Easeline .0171 .0154 .21 .04 .1915

U-235 . U-238 Baseline .0140 .0170 .18 .02 .2684

U-234 x ti.me Operational .0214 1.12 .11 .01 .1704

I U-238 x time Operational .1859 3.60 .12 .01 .1596

| U-238 x U-234 Operational 8.41 -5.71 .994 .988 c.0001
|

U-235 x time Operational .0055 .7S08 .13 .02 .1125

h
U-235 : U-2s4 Operational .213' .1467 .984 .908 c.0001.

,

| U-235 x U-238 Operational .0259 .0017 .987 .975 <.0001 .

,

E U-234 x U-238 500C LOF .114, .,323 .999 .998 <.0001

2.06 .14 .02 .4330R

U-234 x time 500C LOF .0448 >

i

U-238 x time 500C LOF .3880 11.13 .15 .02 .4238 :

|

U-234 x U-238 Non-impact .3406 .0838 .922 .851 <.0001 '

!
l

U-234 x U-238 45,46,52 .1402 .6720 .999 .998 s.0001 '

O
I \>

It(U '

f
41
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Table 17. Cross media regressions. JPG Radiologien!

Environmental Nonitoring Program. .

, , ,
,

I l Variables Location slope intercer r r prob.

Lt
_

,

0207V-238 MW x sediments .5744 .4412 .28 .08 9

f _

{ C-238 x U-234
_

MW x sediments .5820 .4823 .25 . 36 .0303
i

:
v U-234 MW x sediments .574 .657 .16 .025 .1960
i

U-234 x U-238

MW x sediments .60 .64 .lu .025 .1900
4
i

i, U-234 SW x MW .0134 .1337 .1i .02 .2781
s

U-238 MW x SW .155 .7273 .11 .01 .300,

'

{ U- 2 3 -! SW x sediments .04 M .1407 .12 .E . 3 ". F 2

'* "3d SW x seciments . i ti91 . 100 .10 .01 .4005 &
*

:
?
6

4

.

I

s
f
f .

,

i,
r

|

|

f

.

'
s
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I

.

._ ).

l

42

l
| <

.



. . . . .
M.. --

,m _ . _ .. . _ . _ _ "-
-

,em .
,

. .
-

~ -
~ "

1 ,2 l Ure t - 01- .. - . . . .-

$
.

,

tf u .
.'

., .

.e ..e. .. . .. . .
.

, ... . .
.. .

. ...... . . .. . . . . .

! e, .. .
i. . - j

.. . . .
.s g. g .. . 4

. g. . g a
. .

*- ( . .. q. . . .. ...
. . . . ..m f .

.
. -a .

.
,

s. .

k .g'3 s

t . - ! .
P'

n -
, e

\ S j t |
.. 1. . . ..;... NM -.4.. ... .

.

. . . - . . . . . . . . . . . . ......
...

.

. .-

S.g

.L... ....i_. . . . . . . . . . . . . .-.
- o . i i e

._ s . . - . . . ...s.. .
^

... - .... . . . .
.?

*
1. ... ..

....e.. . .. . .e ..
f

an i . ..3.......
e

. .- . . . ._ ... .
. _

...4. ..e...O .. .4.. . . . . . . . . . . .
....... . . . . . . . . . .. . . ,.

. . .. . - . . .4.,
.. .... . .. . . . . . .

. ..,...... .e.-. . ..... . .., ........ . .. . . . . .. . . . . . . .
. ..,

. -. . .

. . . .... . . . . . . .4.... . . .. . ..,

...4 . ,

,

.

S- -
. . . . .....s.... .. . . .. . ... . .. . . .. . . ...

. ..., .

.eL .. . . . .. -
.... l .. . . . . . ... ... .... .,8 .. .. .,--... .

.. .. . . ew ... . . ..
. .. .. . . . . . . . . .. . . . .. . . . .. . . .

h
. . . .,

.

,

#
... .

1 .

$> * . . e
. ..f .

-. e . .. . . . ,
.. . . . . . , . . . .

*...' . s
- . . . .e ,

. . . . . . . -

. . - . . . - - .- . . . . . . I |
l . -

..

, , .

g. . -.
.. . .. . .- ... .- . .. _

e

. . . _ - . . , ..

--

-

.
..

. .-

.
- . - . . . - . . . . ... .. ... . . . . . . . . . . . . . . . ... .. < .....4... .. P

.
. . . . . .

. . . .
. ...

.. -. . . . . . . . . . . _..

(
.. . . . .

. . . ... . . . . . . . . . . , . . . . . . . . .
. . . . . . . ...... . .... . . .

. . . . ..- ... . .. .. . .. . .. .. . . . . . . . . ...
.-

. . .. . ....... .

. q . . . . . . ......
.

<

.. ..... .. . . .< . . ..
. ... . . . ..

.

.
..m.. . .

4 .'
. . . .. . . . . . .

..... . _ . . . . .
..,

. . , .... . . . . .. .

8
#,

.

R

. ... . .. .. . . . .- ...

, . . . ...
. . . .. . . . .. ..-. _ - .i . -J..... .

: .c -.. -_ m _ . _ . ...:
. --

. . . . ' * . . . ' - - " ' -. .'.". .-..- *

. - . . - -
-. -- * * * * * - - - ** * * * "*-

.
5,

- * - -

. ' - . . " " . _ . . . " . " ..

b
.. . . . . . .

O
.. ..i.... - - . _ . . . . . . . < - ,. .. - .g j .. ... m.

,
. - - _ - . .. . __ -. ,. .. .

L . ....;

.7 __
. . . . . , . . . ... . . . . 4 . - . .. . . . . - . .

,
-

E""'','"
.

. 1 . .. . - . . . . . . ,

* ' ' * * " " * " * * ' * * * * ' * * * * * * * * * * * * ' * * * * * * * * * * '' * * " " " * * * ' ' " * * * * * * * * * * * * * * * * * * * * * * * * ' * * * * *

O
.. .

. . .

. . .
. . .. .... . . .

.w .

. . + . .
. . . .

. . . . ,... .. ... .. ...... . . . . .
..e..... . . . . . , . . . . <, . . . . .

.. . . . . .
.. . . . . . . . . .......

_

3. 6
.. .

.- .. . ,, . ... .. . . . . . . . , . . .... . . . . .

. . . . . . . , . . . . .
. . . _ . . R;9

. . . . . . . . .
. . . . . . . . . .... ... .; ...

. .

_ . ... .... .. 4
.+ . ..

..e... . .s . . -. . . . . . . . . . . . . ... . . .

g..........|......... a . . . . .. 4 .. ... - . . .
. .

.. ..
. . - . . ... . . . ..

..... . ...
. . . . . ..

...... 4

. ..

.v.... . . . . . .... .o... .

.e....... . . . . . . . ..g .. .. .
. . . . . . . .

*
. . . . . , .. ..... a...... . . . . . . . . . . . . .

. . . . .. . . _
.-

. . . .. . . . . , . .... . . . . . .. . ... .. .- .(..._
. . . . . . . . . .. . . . . . .
.. . .... .

.
.. . . .... . 4 . . . . . . . .....

..O. . . . . . . . . . . . ... . _ . . . . . . . , - ... . .. .,-. . . . . .
. . . . . . . . . . . .. - - . . . ,

R,
,.

r....... .. . . .. . . . . . . . . . ..... . - - . . . . . . . . . . . . . . . . - . . . . . . .

. . . . . _ _ . . . _ - . . . . . . . . _ . .

. . . -...
. . .. . . . . . ,

* 8.
- . . . . . . . . . ..... . - . . . . . .e . . . .. . . .. .. .. . _ . . .

... ..
-...,. .. . . . ...

.. ..

.c ...

. . . . . . . .
. . .

(, ,0 ,g.
. ... . - . . . . . _

.. . . . . . . . . --- .

. . . .. . . . . . . . ' ..e. g
. . . . . . . .. . . . .

. .

. .- -
e

.
. . .... 9 . . .........4,1 . . . > . ..

. . . . , . . . . <, _
.

.

. . .... . . . .- . . . . . . . .. ... <.
O .

. ..
.

. . . ...
.. .. . . . . . ..

. . . . . _ . ~ . .
.

1, . , . ..
.. .. . . . . .. . .. . ... . . .

.
. . . - .

.
. . . . .

.p. . . . . . . .. .... . .. . . . , _ <

.... . ..... .

. . . . . . .. . . . . . .. . . . . .
.

}
. .. .

. . . . .
.... . . . . ..

. . .

. .

. .. . . . . . - .. . . . . l. ..
. . .

/* g
..... . ... . . . . . . . . ... . . . . . . . ......a .. . . . . . . - o

i - -

.
-

. . . .. . . . .

e
. . - ..* . . . .. . . .... . . . .v

.. .

_.. . . . . . . . . . .. ... . .. .. ... . . ... .. .. .. . .
t .e

.. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . . . . . .

. . . . .. . . . .. - . .. . . . . . . - . . . . _ - . . . . . - - _ ......... - .n. . . .g . .. .. ,

3
.. . . . . .. . . . . ._.. . . . . . . . . .. . . . . . _ . .. ..... . . . . . . . . . . . . _ .

'
> !

,

. . . . . . . : . . ! _. . . . .. u.. . . . . .

.. 1
4

. ... .... . ... .. . ...
.

. *
,

l I
. . . . ,

e.
... . . . . . . ...

h I. .
.e .

..... . ..
. . . . ,

.. .. ,
.. .. |__ . .. . .._ . .

. . . ..._ . . . |._ _j.
.. .

.._.,
i

. . . . . . . . . . . . . . . . . . . . .. ...u..{..........................|.......
..

. . . . . . . ...
. . . . ...

... , . .. . . . . . . . . . . . . . . . . . .
..

,

.f .
f

.e .
i .

t
,

,
. .

. . . 9.e. _ .. . - .
_ . . . ~ . . . . .. - . . . 1..-

.
.n.. .-

. .
e

,

8
..

.

n,e
__ _. ._ ......_, .. . ._.... .m.. -.. ...

. g
t .

.
@ O:$ . . ........_...

.
. . ... ............. . . . .... ,. . . . ..

. .. .

.s.. . . . . . . , .e .. , .. . .
. . . . .... ... . . . .. . . . .

. . . . . . e . . . .. . . . .
. - . . .

. . . , . . .. . . . _ . . . , . - .
.. . . . _ O. . . . . . .. . . . . . . . .. . . . . . . . . .. ,e .. . ..,. .. .. .. . . . .. ..

. 4. . .,.,. . .

--. .. . 4.. . . . . .
.. - . . . . _ . . . - . . . . ..;-..

-

F O
"

$ Y. O k b
-

|

pCl/g
.t

_ _ _ _ _ ___ ___ ._ _



"

-1 TL] U f Ed ~Z. >O-1i m z.a vP
.. . . . .

-
.

:. .O , ,
e,

..... . . . . . . . - .

.
.

... .. ...... . . _ , . . . . . .
e. ... . - .. ... ... ...c. .

. . h, f. . . . . !
|

*

. h, .I | :, . . . .. ! . . . ,. . . . ... .

e
. . . . . _o * .

. .
.

9

e e.
. a .

g !
. .

"
.

. a

w

* . _*; ...I. . . . ..

- g
. . . . O g i ;

.. ....s.. ..

=
.

..t.... .- on. _ . , . . . , . . .. . . . . . . . . . ....
.

. ..

VO g |
_ ; .. ,

. . . ....; ... , ,,

. . . . . . ... . . . .. _ . . . . . . ._. - . . . . - . . _ . ..

.s . . j . . ... .. ... . . + .

-.3..... . . . . .. .. . . . .

en . . .. . . . ..
*

. .. .. - - - . - . ... ... ....i...... .i. .
O - -.a.... ...t. . . . .. . .. ... .. . . . . . .. .

._.4-. _..-.o.......
.. . ..... ..e.....

.. .-... . . ......... . . . . .. . . . , ........ .. ... .

.. . . . ..4.... .. . .. .,.
. . . . . . . .

..... . . .

E-
.

- ... . . . . . . . . _ , . . . . . . . . .. .. - . . . . _ . . . . . . . ..

. _ . . . _!... _ ... . . . . . . . . - . . .. . . . . . . . . . .. ...
. o. . .~. .. . _. .

.- .... ...
. . ..

. . . . , . ... . . . . .
.. .. . . e. .

. . . . . . . ... . . . . . . . e.., . . . .
ew

-
. . .

e
e *

_
I 1 . .. -. . - _

. . - . . . . . . . . . . -
.

-. __ _.
i .

..
,

3l . . . ..- .-- . -.#.. . . . . _ . _ . - - - - . . .
. . . . _

s
| en..wi @
e ,

-
. . . - . . . . ' -I

.
e :

,, _
i

- - _ - -
.

.
.. . -

;a i 5
_. .

'
-

t . .
oO

. . . . . e'
....s._...._ . . .

= . - . . . . . . . - - . . . . . . . . . . . . . . . . . . ... .
-,

- . . . . . _ . . ._.. .. .._. .... .
.

._ ..-
. . . . .. . . . _ .... . . . . . . _ _ . . . . . . . , . . _ . .

.... - . . . .. . . _ . _ . . - . . . . . ._.. . . . . _ . . ... . .
. . . . . . . . . .. . . . . . ..

,

.. .. . . . ~ . .
-

. . . .. . . . . . . . . . . . .- ...
. . . . . . ..g ,o, .._- . . ._..., .. . . . . . .... , .

. ............ . . . . . . .
. ..

.

. . . . _ . . . . . . . .... ....... .
. . . ..._. . .. .._. .

....

p.
.

. .. . . , . .... .

.

.. .. . .

..
.

E,
t

1
_. .. ... .- . . . . .. I __ . --.J....._..

a ... ......i
.a ...,'=

. :_.. . -. _- .. _. .ga.g , . ._.
. .,.- - ._ . - . . . . . . - ... _ ,-

2.
.

....._ - ......_ -. . . . . . . . . . _ . . - . . . . . . . .

g , o
.. ........ _ ._ . _ . _ . . . . . . . . .._....._u.. ,.. .... _ c.

. - . . . . - _ _ _ , . . . . ,
. I

I. L_
,6-. .

..9..
, - .- ... ..

,

. _.. . .. . - - . ..... _.. .. ......... .... ..... . _ _ .._ . . i
.

9....... . _ . ... ... . . - - ,

s e
_. . ..._.. .. _ _._... . . _ . _........-__._.(.....-.

. .- e. .

. _ . . . . . . ..g........ .. .
. . . .

.... . . . . . . . . . . ..

. . . . . _ ._ . . _ . . . , _ . . .g . .. . .. _. . . . ..._. . . . . . . _ . _ . . _ . . . _ . . - - . . . . . . . . .......g.,. , ... ... . . _ . ... . . . . . . . . , . . . . . .,
.

4 ..... . .. ..--
. _ .

.. . .. .. 6 ... .. . ..__.4 . ............,......g,......g....... ... . _ . . . ..
.. e. . . .

.. . . _ _ . .
. .

..

. . . . . . . . . .. , . . . . .

. . . . . . . . . . . . . . . . . . . ._g . . . . . , . . .
.

i.. ._. . . . . . . . .. .. . . . . .%,
.

4.......9 . . . . . . . . . . . .
.

.

. , . . . . . .

.e.,. _ . . .-
. . . .. . . . . ., . . . . . . . . . . . _ . . . . . . . . . . . . .

. . _ . . . .. . . . . . . . . . .... . . _ . . . .. -- .. . . . . .

+ . . . . . . . _ . . . . ..._ . . ... . . . . . .. . ..-..;....._.q.. .4.... #
o __. . . _ . . . . . . . . . - . . . . . . . - .. .. .1 ........I. . . . - . g
*-

.. ... . .._...._. .. . . . , . . . ..... - . . . . . . _
e,

=
L'

_ - ._ . .

. . . . .
. . . . . . . _ ... .. . - - _ _ ._ - . .. . . . . . ._

. . . . . -_ . . . - - - . ._ ...
. . . - - . . . . . . . .... - . . . . .m .. . .. . . _ . . . . ..

,

,.,.t ,g._-....,.-. .. . . . . . . . . . . . . - . . .. . . . .- - . . . . . .

t. ..gs

. .... . . - .
. .. . . ..

.
........

. ..
. . . . . . .. . . . . . . . . .... . . .. . . . . . .

. . . . .

. . .
_. . _. ....

. . . _ _ . . . . .

.. . . _ ....
.

G . . .

....w.-. . . . .
. .... . . .. ... . . . . . .

..
.

. . . ..
...

. . . . . . . . . . .. .
.. . .. . . . . . .

. . . .

. . . . . .. .

. ... ... .-.
.-.

. ... . . .. . - - - . . . . . . .. . . _.. g ..

... .. .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ....._..._....4.......
.

. . _ . .. ..

, .-. . . . . . . .. . . .. . . .. ., ..
.. .. . . 8 . .*

g

$
--... . . . . .

a- ..

4 o-

1 . . . . . . e e. 0 0 4. .
. . .. .. .l

-

.
.

. e. . .. . .. ... .

.' - .. .. ... . . .-j . . . ... . . . .g,....,

, . _ . . . . .. .. . . ... .. . . _ . . _ . . . . . .. .. . .. . . . . .

e.,
c .. .. - . - . . . . . . . _ . _ . . . . .-. . .. . . . . _ . - _...... . -n

.-.O.... . . . . . . . .. . .. . . .. . ..... . . . . . . . .. --

'
.. . . . ..... .- --

' I s eeteti es e . *
. . . . . . ..

. *- ;. . - ._...J.... .. 44684.. ...... . . . . . . . . . . . . -. ....-
.

; .

e h
8' ._. . . ,

........!.
. .mi e u wee s s ...

. .. ....! . . . .. h . - . .. .. .

. . . . . . - . . . ... . g

.

. .

* - - - --'t . . . . - . - ' - . . _ - . . . . . - * - - - _ _ - . . . - . . . . .
F

.. . . . _ . ......_.3...--.....
. . . __ ..

. .i . . . .. .. .-
.

-

..
1 : - ; : .:

, .

9 -

i . . . . . . . . . . .. . . . _ . _ . . . - . - . . . . . .. .n
C

. .

>

...

_ . _ _ . . _ . . . _ . .... . -_. - ... . .. .. P,ee
g ..;

. .

F. a
|-

*
...... . . . . . - . . ....: .. . . .. ... . .e ... . . ... . ....... ... .- .. .m. .. . .. .. .

. .4. . .. - . . .. ...
.

.
e. . . .

. - . . .
.

. . . . . . . o
.

. . . . . . - _ O_ _ _ . .. . .-,.
.. . . - .W'"" ._....... . . . . - . . . . . . . . . . . . . . . . . . . . . . . . ..

. . . . . . p. a. . . . . . 4 . . .... .... .. ... - . . ....
.

.: ..k .. .... . ._ - . . . . . . .. _ _. - ..- . . .

,

'

T VL 5 1 2 3 L 5
L

,

pCl/g -

,

?
1
_



? 1 ure 3 ~~301 - UuZdb ' = ~
~~

-

l: .. e1

o
- * '

g i

u * i 6 . ,.

|
. .e., . ....

.a. . ..:... . . . . . . . . . . ... . . . .p .._... .

e
l .

e
.

..
.

.g s* . . s . .

g.
'

. . .$ 4 . 4 t
. .

.- .. s-.. 4 . ... . . . . . . ..*
,._s a g 4

.. ...
.4 .

9, e. . .

/~.c \
3s *

Sg i(' 4 =( e . i , ; ,

..... -

. . . . . . . . . . . . . . . . . . ........ . . . . . . . ..-. .. = . e .. . . . . .x e .
e %/ |. -.

9 f*
* *. * i . .

. .... .
.

4
. . . . - . . . . . . .. 4..... ...4..-. . , . . . .; . ....;.....

-.. .l. .

. . . . . .. .. .. .. ..a . .. . . . ... ..
y ._.3.....

- s .. . ._.* 'um .

. . .
..

... 4 .. .. . . . . . . ' ...* . .. _ . . . . . ...4.. ... . . , . .

..
.

. .. ...
.........s.. .. .. .... .. .. .. . , .

. . ..........,...I
... ..

. . ... . . . . . -
. . . , . _ ... .

.

. . ....4... . . . .

. . . . . . .. . . . . . .
. . .. . ... g..... ...

. . .._;....... . . . . . .
_ .... _ _ . . . . . . . . ...... _ . . . . . . . . . . . . .

..i... _ .s..... . . . . . . . ...... .. .... ... . . _ . . . . . . . . .

. .. .

. .....s.. . . . . . ... . . .. . e. ... . . .. ... ..

g
. .

- . . - .. .. . e. ... . . .. .. a .. . .. .. .. . .. . . .

I N
. ...

5 I t * t s
.

.. . . . . . . .

. .
- i , ,

.
J. --e . .. .,

.i s | .
. . . -. . - . . _ . . . . . . - . .. . . .

I f.
j O

I'.-e r. . . . , ' .;
e e

- - e. ..
,

. - . . _._-g
.~ p

_. --
. _ . . =

..

g .

.
. . . -

-

,
. .. - OO P*

-

. - . . .. - - - .
. . . . . . . . - . . ...

- .

. ..
... .. . . . . . ... .. . .

.

.

_........4..... . . . .

. . . . . .
.. . -.. . . . . . . . . . _ . . . . ..

i
_ . . . . . _ . . ,

,

. . . . . . . . . . . ..

.. . . . .

. . . .. . . . . . ._ . . .
.

.
.. . . . . - - . - . . . , . . . . . . . . . . . . . . . ....

.
_ . . . . .. . . . . . . .. .

. . . . . . . . .. .
..

. . . . . . . . . . .. .._.

. . . . . . .

I.
. . . . . .

. ...... . . . .
,

..,
. . . . .. . . . .... . .. . . . .

. . . . . ..... .

. . . . . . ... .. . .p. . . _ - . - ... ... .... . . .. .

S
. . . ..

g .. .... ..

." , ' .... . . . = .. . . . . . . .

,
. . .- . . . . . .

...

- .l....." >

y
. . . . . -.. . . ..._. .

-< . . . . . .. . . . .. _ . . . . , . . -
- . . . . . . . ......_

o,
2

.. .. . . . . _ _ _ _ _ . . . . . . . . _ . _.. ,.. . . . . .. o ._. . . . . .

... . _ . . - . .

. - _ . . . . _ . . . .
. - . . _ . ,..

. .

._ .. ..q. .. . _ . . . . . . . . ..
-. .. .. . . _ , . . . . . . . -

- - - _ . . ..- -< . . . . _ . = .. . .

3,
* - . _.

. . _ . . . . . . .

.. - ..i.. . _ ...
. ..... . .. ......

. . . . . .

.. . . . . ...... . . . . . . . . . . . .
.. . . . ... . ... .

..
.. ... .....; , _ - .. . . .. . . . . .. . . . . . . . . . - .... : .g.... . . . . . _ . . . . . .

.. ....f' .g . . . . _ . . ..
. . . , . . .

R9
.. , . . . - - . . . . . . . . ._

4 . .. . . . . ... -
. t...

.. . . . . . . . . . . . . . .. 4 . . . . . . .. . , . . . . .

. . . . . . . . . . . . . . .i . . .e . .. . . . .. . . .. . . .
. .

. ......
3.. ............ .... .. . . . , . . . . .

.. .... . . .
. .g. ....._t

. . . . .. . . . . . . .

e.... . . . . . - . . .
...... ...........e......... .

._ . . ._

.g
.

. . . . . . . ...-

9 *
.

I

.. .. .. . . . . .. . . . . . ... - . ....... . . ... ...
. .. . . . . . . . . . .-. . ...... .- . . . .. . . . .e.... . . . . . . . .... . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . - ,... . . . . . . . ._ .

. . . . . . . . . . .. - . . . . . .

, -. . . . . . . . . . . - . . . . . .. .. ...-.9 R~ . .. . . . . . . _ _w
. . . . . . - _ .. . .. . . .... _ . . . . _ . ... . . . . . . . . . _ . . . . . . . . . . . . . .

..

. ..
&* . . . -

. .-, . . . ... . . ..

.. . - . - . . .. .e . . .. . . . . . . . . . . . . - .

. . . .
-

.e t .. . . . . . . . - . . .*
. . .. . . . . . . . . . -. . . . . . .,,p-.....,

- e. 5 . . . . ..
.. .. ..... . .

.

. . . _ . -
.

. . . . . _ . . . .. .. ..
. _.._

. . . .. . . - ...G .e . ,..... .. . . . . . .....

. . = . .. . . . . . .
.. . . . ... ... ....

. . . . . . . . . . ... ..
-.. . . . ....

..

...

.

.. .. . . . .

... .

.

. . _. .. .... ...

. ...

... ...
.... .

.
. . .

. , . .
9...

... .. . . - .... . . . e. . . _ . . .... . . . . . . . . . . . . . . .

. - ..

. .
. .. ... . .

.

. ... .. . . . . . .
... . . . . . .. . . . . ,

. . . _ . .. . . . . . . . . . . .... . . .. .. . . . . . . . .

#-
. . 4 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . o. . . . . . 4

g

. . . . .
. .. . . .J

- *
.

+. -' - *- *'

D, y Se

. . . . .. . _e t.c o.s e . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .

,,,,j ,, , , ~ ,
.... .

) f . - . ...s. ,, , , , , , , , ,, ,,, , , , , , , , , , , , , , , , ,e,,,,.,
. .q . . . . . .*

,

s ou ._ . . . . ___. ... . . _. . .. ._ - . . - _ . . . . - ,

e.
.. . .. ..... . . . . . . . ....... .

. . - . . . . . . ._ . . . ..-.4. . . . . . . . .. . . .

. . .' .. ......I.... ..9.y y gg! . . ' . .. .. .

8 8
,f . . . . .

. ...
g,g g g.

.
.
.

*e
. ~ . . . . . .... ..

. . .er _. ... _ . . .
.. pe , . ... .. ..

....e.. . . . .
. .. .. . . . . . . . . . . .

....._.. . . . . ~ . .... .-- ... .. . . . . _ . . . . . . . . . - . .
.. . .. . . . . .

g
. ==_ . . . . . . . . . . . . . . . . . . . . . . . . ._ . . . - - .

-

1 .:. s .

3
.. .

w o-..e..... . -
- . . . _

..
. . .. .

o
i

. . . _ .._. . ...

...
.

=,=
. .. . -. . .... . ... _ . . . . . . -

g =-- n.._..
*

. 1

.e '*,

$ . . _ . . .. . . . . . ..c
........... .... .... .. . . . ..... . ..

. . _ . .. . . . . . . . . . . . .... _ . . . . . . . . . . . . .... . . - . . . .. . .. ..
. .. . . . . .

. . . . . . . - .
- o.. . . . . . , ...

.

=- - . . - .
_ . . . . . o

. ......, . -. ...... ... . . . . . . . . . . . . . ..

4... . ..e.. . .. - . .... . . . . . ...

. . - . . . ... .

L - . . _ .... - .. .. .-. .. . - - . , .
, -. -

,
.. . . _ _ _

i I E
*

E O.1 0.t. O.3 01 0.5
.

pC!/g.

~



- a_
--

- g-1- - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ . _Ure 4 ..DedIment 0- m .~-- - '

j
-

_

-

E
9f*

*tW .

a : !. . . ... .. . .. .

1 .-

4
. .. .

. . . . e
. e .. . . . . . . . . ... .. . . .

g .
. .
*

. .
e

-- g . ._ _... . . _ _ . . . _ . . . . . .. . ... . . . _
. . . . .

qe . e . ,

.a* .. . . t i .
. . . . . .. .

. .
I. . 'eOg **

. .,.

h g g g . . . . _ .-. - . . . .
,_ _ - . , . .__ . _ _ . ... .

. . .. . . _ . .._ .1 . ___. __= - -._... . .... . . . .

3.,
. e I, .

O : |
. . . _ . . _ . . . . . .. . _ . . . . . . . . .

|/ . . __ . . . . . ... . . . _ _ . ..* |. . . _ . . . . __.,

.'
i.

__.$..... . ...8 .'.. .t. .. . .... . ... , , . .. .
.

.

. _.. ..

....;....
- . e.

.
. . . . ..

.. . -

. i

.. ..... ....;._..
. . . . .

.
. . . . . . . . . . . .o ._ ..... .

. .. .. ..... . ... ... _ . . . . . . . . .
. .. ..... .._ _. ... ... . .. .... . . . . . . . . . . . .

....4..
.

. ~ . . . . _ , . . .
e._.._.. . ... . .

.
. .. .

. __ _ ._.._.2.... .

. . .*
. . 5.

g . . .

..... ... ...
. . . .e.. .

..*- ..._. . .....
..8 . , . _ . . . . . . . ...e__...

.. . "... . _ . . . . .. . .. ... . ..... . . . _ . . . .. ... . _ . . . .

. . .. .

. . _._

---- _.. _.__ .._ , . . .
__.__..

... . . .. . ... ..
.. ,, . . . . . . . . . . .

E'
. _ .

. . _ . _ _ . .. . ... ..
. .. . . . . . . . . ...

. . O
ens . .; ,

, ,

,
_

I s. __ _ _ - - - . . _ _ . . -

.. . _ __ ...._,.....,

__. ..
. f

.'
- e

. ., ) __..._._. _ _ . . . - . . _ . - _ _ _. _.. _.]
... _ _ _ _ _ _ ._ . . . . . . _ _ _ . .

.

..

. . .. =-- . _ _ . .
.....i, .

,
.. --

i._., . . . . _ . . _ _ _.. .._ _._
__ _

. . . _ . . ..=, _. ... . _.. .
.

_ ,

. . - - _. . .._

R
O_

.. . . ._ _ . . . _ . . . _

. . . . . . _ . _ _ _ _
. _ _ . .

. _

. _ _ . _ _ . . ._
_ _ . ..

. _ _ . . _ . _ _ _ _ . . . _ . . . . . . . . _ . . . .

.
. . . . . . . .. ___ _._ . .._

. . . __ _ _ , . . . . ..

. . . . . . ~ . _ .
. . . . . _ . .

_
. _ . . . . _ . .-

_... . _ . _.._.. _ _.. . . . _ _
_. _ _ . _ _ _ . . . .

.._ . . . . _ _ _ .
. . _ . . .

. . . _ . . . . ... . . _ .
-

.
. . . . . . . . . . . . .

. _ . _ . _ . . . .
. _ . . . . _ _ . . . . .

. _-
... . .

..
.

...
..

.

.....
.

. . . .

. . . . . . . _ . . . . . .._..
... . .... _ . . . . .

.

. . . .
.

.

.
.. .. ... . . ... .

..

. . . . . . . . . .. . . . . . . .... _ . ._.. . . ._.
.

. . . . . .

.
..

3
.

a. . . . . . . . . . . .
.

.. _ . . . . . . . . _

L. . , .. -- . -- .. ___. _ .. ___
_ _. i

. . . . ..
... _

__. - _ . _ _

r...__._.._ . _ _ _ _ _ . . - i . __ . . . . . - ....._._
. . . . . . . _ _,.

.
- __ . . . . . . . _ . . . . _ .

. . _ . _ . _ _ ._i9 ,. -

..

._ 2_.. _ _ . _ _ . . . . . .. _ . _. . . . . _ _ . . . . _ . . ___.... _ O..

. _.____. _ ._

. . ... . _ _ . ~ . . _ _ ____ , . . . , _.
_ _ . _ . _.

_ , . _ . . _ . _ . . . _ 1...___..,. _ . _ . . . ., _ . . . . . . .__ .___.. _
. . _ _ . .

,
_ _ _ . . . . _..- .

_ _ . _ . _ .

_ _

. . . . . _ . . . . . .

,
,

. _.._._
.

.__....._.t-_._........ . . . . . _
.. . . . . . . . . .

_ . . _ . _ . _ .. . . . . _ _ _ ..e _, . . . , . . _ _ . _ _ _ . _ . . . . . . .... -._.. ....
. . . . . . .. . . . ., . _ _ . _ - . _ _ '''- - . . ' . ' - - * . _ . - -.-

-._ .

...___......_..1--..-.-''-'--.-'_.'.'-.. ~ . ~

' . . . ' . . . . . '' - - - - - . _ - _ . ~ . . _. . .
. _ ..

.

S. , ,
. . . . _ _ . ...,

. . . _ _ . _ . . _ . . . . . . _ . ..._...i......._....
. .. . ,.

...

.. . i . . . . _ . .-- .
. . . . _ . . . .. ...

. . . . . . . _ . . . . . . . . ..
. . _ _ , . . . .

. .. . . . .
. . . . . .. ..

. . . . . . . . . . _ . . . . . .
__ . . . . . . .. . . . . . . .. . . . _ . ,.. .

_ _ . . . _ . . .

'.t...s. . . .

.- ,. . . . _ . ._ .._.. . . .. . . . . . . . .

. .. .. ._....... . ..... . ._ . .
-

. . . . . . . ... ..
. . . . . . . . . . . . . . . _ . _ . . . . . . . . ...

.... . . . _ . . . . . . . . . _ _ . . . . . . . . . . _ . . . . . . . . . . . . . . . . .. _ _ _ . . . .. . _ _ . . a. . . . . . . _ _ _ _ _ _
. . . . . . ~ _ _ _ . . .. ......... . .. _ . _ . ..

_ _ _ . . . . . - . . _ . . ...& _... O
_ eseD

. ....____ . . . . . _'- . . .

_ _ . . _
...__.. .___.._. _ . _ _ _ _ . . . .

. _ _._... . .._.__ _ ..,... .. .. _. _ _ _ _ . . . . . . . _
... . .. . _ _ . _ _ . . . _ _ _ _ __..;.._.. _ . . . _ , . _ _ _ . . _ _ _ .

.
_.

_. i

. ,. t
. . _ . . _ . _ . .. . _ . _ . _ _ . _ . _ _ . . . . . . . . . . . _ _ _

. . . .... . _ . . .___ _ _ . . . . __
. . . . ..._ .. . .._,,.. . _ . _ _ .

. _ . _ . . . . . . _ .
,.

. . . _ .. _ . .
. .. . . ....

.. _ .. . _ . . _ . . . . . . . _ . . _ . . _ . . .. . .- -

. . _.

. _ . . . ____.. ... . . . . . .....
. . . .

. . .

. . _ _ . . . . . . . .

. ..._ .. ... . . . .. .. .. . .... . ..
. . ,. . . . ..., ... ..

. . . . _ . . . . ..- . . .e._..... _. ......
.

. .. . .... . .... .

... .

.
. . .. . . . . . . _ _ . . .. . . . . _ . . . . . . . . .

.
_ ._ ..

..
. . . . _ . . .. .. . . . .

...I . .
. .

. ...... .
. . _ . . .

. . .... . . .

_. . ..__
. . _ . .. . . . . . _ _ . . . . . .

_ __. . _. .
.. . . _ . . . . .. . . . . . . . . .

_O
-

_.._.. ... . . . . . . . . '
, ,

. . . . . . . . . .
. .. . .._a . . . . . .

.. . . _.. . .

. . . . . . . . ,,

.e .. . _ _ . _ . . . . . .. . . . . .. . . _e.._....
. .. . .. . .. ... . . ._ . _

. . ...*

. . _ . . . . . . . . . . . . .. . _. .. ... .. . . .. . . . .. . . ...

, . . . . . . _ _ _. . _ _ . __e
, _ _ _ . .. _. __. . . . .._ .__...._.. _ _ . . . . ._. . . _ _+

...,._ ., . . . . . . . . . . . _ . . . . . . . . . . . . . .
. . . . . , .. . _ . . . . __ . . . . _ . . _ . . _ . . . . . . . 6i .. . . . .

. . . . . . . . . . . _ _ ._ _.. .. . .__. _.... ..... .... ... .
.. ,

.

~
. ... . . . . . . . . . . . . . . .. ...

. . .

. . . . . . . , . _ . . . _ . . . . . . . . . . . .. _.. , _ . . _ . .. . .. .. __ . ..
.,

. . . . . . _ _ . _ .. ._..._- _ _ . . . . _ . . . . . .. . .

.. . . ... .. . . . .. .. . ... .._. .. ... . .. . , . . . . . _ .. ._ . .

...

. $
_-- . . . . _ . _ . . .. . . .;

, .

| 1'i. : i . .

. .
.. .,

. . . , ..

,f - - . . . . . _ _ . . _ _ . . . . . _ . _ .. . _. . _ _ . _ _ _ _ . . . O
.

.

= -. . ...._ . . . _!...

_ . ~ ,
1 - ._ __=

. . _ . . .
. _ _ . .__.._..._

g ,

_,.
c

. . . . . _ . _ . . ...
.. O

. . . . ...

. . . . . _ .P .....

. . _ _ ... _ . .... . . . . . . . .. e.
. .. _ _ . . . .... .. . - .__ ..O. . .. . . . . . .,

. . _ . . .. ..

_ . . . . . . . _ _ . _ . . . - O
...

. .- . .
g

. . . . . . . . .. . . - . . . _. _ . . . . . _ _ .
. _ . . , . . - . ._,. . . . . . . _ . . . .. _ . . .

. . . .... .4.... . . . . . .

__.. - . . .
I_ . . . . . . .... _... . . . _ .

> _ _ . . . _ _ . . . _ _

i. e |
< c 4

S 0.2. 04 04 0.1 8 84 |
16

,

, . .

1

Pt l/9 .

1
_ _ . - _ - - __ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ - - - - - - - - -_ _ _ , . _ . _ ___ . _ . _ ___ _ _ _ _ _ ___ _-



-- - - - -- - - -- --- -

-
. .

-

2 ~

1 F ure b 1 bec itnent L /30 ~

.

~

.
. *

.
., - : , . ..

. ...;.. . :_. .....t. . . . . . . . . . . . , . . . .

. .. . .. . . . . . ,.~ ...

, .. .
. . .

%* n s . _ .*. . ._ . .. l . . . . . . . .e (
.

g.*

. .
.,.. . ... . . . _ , . . . . . . . .o .. . .. . .

1 1 ' e.
, , * 1- } .; . 4 - *?[ j
W -

_/ . , .
j. .. . . . . . .. i. . . . .

. . . . . . . . .. . . . . .... . . . .. .. .. .-- .
.

. .
, . .

.,.

. . . .
.4...- . . . . . . . ... 4.... ...a.... . .,. .. . . . .. . , . . . . . .

. , . .. ............ . . . . . ... .. .
3 .. . ..,

........
. . .

_ - - - .

. a .. .# . ..
4.

. ....a . . . . . , . . . . , . ......... . . . . . . . . ..

.....
.... . . . . . . ..... ..... .... 4.

.. ......... . . . . .. . . . . . . . _. _ _ . .

.4..... ... . . . .
.

s.... .
... ..

.

. .

. . . . . -* .. . ..

. . . . . . . .
.-

.. . . .....
.

e
...

.. 4 .
.

* . . . . . . . . .
. ... . . . - .. .. . . . . . . . . . . . . . . . . . . . - .

****"***'e.' ****I.'.'.**. ' . ' * * * * . .
* * * * ** *

. . *4 * **** I

. .J. ....,a...,.
. . . . . . . . . . . . . .. . . ..... . ... .

. . . ". . . . . .
. . . . . . . .

. . .
. . .... . ... . ...

.. .. . - . .-

,
... . ~ . .

. . ..

.i
.

.
i . . . . . .. . . . . .

3
.

. ..;....

| ; !. -- .4 .
. . . .

. . . .. . . . . . , . . . . . . . . , . . . . . .. . -

4 s. .
# . 9 $.

. . .. - . . 4 . -, .7
. :. .; ..- -

' '

. _ . . .

. ,. .. .

." . - . . . . . .. - - . . . . . . ......a... ..... . . _ . . .. .

_. . . . . . . . . . . . . .

. .

.. .... .... . . . .

.. .. . . . . . . . .. .
.

... ..

.

. . . . .

.

. .., .
- .. . .

... . . . . . ... .. . . . . . . . . . .... .. . . . .
. - . . . . .

.. ...

. . . . . . . -
.

. . . . . ....
.

, . . . . . . . ..... . . . . . . . ...... . . . . . . . . . .. . . .. .... . ..

p . . . <. . . . . . .. . . .. ..

. . ....
... .

. . . . . . . . , . . . . ..

.-. ..... . . . ....
. .

p., .. . . ... ..
,. .... . . . ... . . . .,

.. .. - ._ 4 .. .. _.. . . . .. ..

.}.....
9

-. <, . .. . . . . . .. -- .**
.

. . . . . . .. . . . o . .. . ..
4 y

_ . _ . . . . . . . . . . . . . . . - . . . .. . . . . . _ . . . . . . .
,

2
. ....... _ - . . . _ - . . _ . . . . . . . --. . _ . .

..
- . , . .

.i
. . . .

.... ...- .. . ,. . . . - ,. . ..
.

... . . . . . . . . . . .
. j . . . . . . . - -..

= . .

- . . . .... . . . . . < .. < . ..
... ..-

. . . .
O _ _ _ . _

w . . . . . . . . .. . . - . . . . - .. . . . . . . . . . .. . . . . . . .. . . . . . <

. . .

.. . . . . .............o.. . . ... ....... ....9,.....i_.
... ... ...+ . . ..

. .. . . . . .. ...
l

|
.. .. . . . ., . . . - . . . . . . . . . . . . . _ .... .. .. _ . , - .- .. . . . .. .. . . .. . ..

. . . . . . .

,% r.

......

4..
. . .. ..

* - .

.. .... .... . ... 4 .. . . . . . _ . . . .. ...

. . . . . . .. . . . . . .. . .. . . .4 ..... . . .

.t-...
.. ..

i . .. ..g-..............g....
_ ..

. .

~ . .*==.*e - ..
. . . . . . . . . . .. ....... ...... . ..6.+......

.. .

9. . . _. . . . ..

. .
. . . . .

.......~..-t
.% ..-..=.4,. ....e.. ... ...

. ... , . . _ . . .. S
. . . . ., . . . . .. . . . ....._..... . . . .. . . . . . . . . . . . . . . ...... . . . .

. . . . . . . . .. .. .. . . . . . - . . . . . . . . . .. . . . . . . . . _.. . . ....

A .... . . . . . - . . .. . . . . . . . . . . . . < . . . . .. .--. . .. ........ 9 . .. . . . . .
,

v. f . .. . . . . . . , . . . . .. . . _ . . . . . . . . . . <. . . . . . . . . . - . . . . . . ..
.... .. . . . . .

e
a. + ...

. gj p... ... -. . . #. .

_. _ . - . - . . ,,. .. ... _ . . . . _ . . . . .
. . . . . . . -.. . . . . . . . . . . ..... < . . . . . . .

. . . . . . . . . - - . . ... . . . . . . - . . . . _
, , g. .... .. .. . .g

. * g

. . . . . . . ..
.

. . . . . .. . . ... <
.

.

.. ..... . . . . - . . . . . . . . . .i

G .e . . . . ..

....1 . . ....
.. . . . . .

. . . .

.

..

. ..... .. .. . .. ..
.

1

. . ... . .... . . . . . . . . ..

. ..
.

. .. .. . .. ...
.

. .... . . . . .
. . . . . . . . . .. ..

.-<
....... .

. . .

.

.
. . . . .... ..... . . ..

. . . . . .. .......
<..

. .
. .

. .... . _ . . . . . _
_

... ..O
.

1
.. . . . . . ... . ...I . . . .. ... . ... . . . . . . .

... .. . . . -. . . . . . . ., ..

... .. . . - . . . . .
... ..

. . . . . . . . . . . .,g.... . . . .. . .. . . . . . .. C
. ., . .

.

g .. .. . < .. .. .. . . . . . . . . ,

T . . . < . .. . . . - . . < .. .. . . . ..

g . - . . .. .. . .. . . . . . . .. . ,. .. . ..... . ... .. ..... ..

. .. .. .. ... . . .. . . . . . . . . . . _ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ,

,

|p - . .. . . _. .. . . - . . .. ._ .. . . _ e

a
-

..e... .
,

....- . . . . . . . . . . . . . . . . . . . - . -

.. . . . . ... . ..
6 . . .

. . . . . .

g .
. . ._... .... .. .... . .. . . . . . . . .. . .. ..... .. ..

. . . . _ .
. ;

.

I .
,

s
. . . . . . . . .

su
! t . . . . . . .. .. . .. . . .

.|
. .. .. . . .

.. . . . . _ . ... . j
g . . y .. . . . ... . 4

. . . . . ...
. . . . ,, . . . . . . . .

. . . . . . . . . . . . .. .. .<
. . . . ..

-

t
._ . . . . . . . . . . . . . . . . ..... ... . - . . . ..... . .... .. .....

= . < ..
.

i . .
-

i i . ..i
.

.. .

. .
..-

,
.. - . . - . . - - . . . . . __ ... .-

. . .
C

*...

e.up
-..i...-i .. . ..... . ... . . _ . . .

g , ._.

. ip. . . s
1e .

I
...

o
$

. . . . . ._ . . . ...
i

.. . .

. . . . . - ... . - . . . ..... ..
........

. ..
. . . .... . . . . . . . .......

.. .. : . . . . . E. ... . . .. .. . . .. .
..

i . . . . . . . ..e . . . . . . . .
.. _.. .. -- . . - . . . . .

-
. . . . . . . . . . . _ .

. . , . - . . . . ......... . ... . . - .. ..

... . . . . . . . . . . . . . . . ....,.. .... . - . . .. .. ... .. ...4..
*

:
. _ . . . , ._. ._ . . - . _. .. __. .. . . . . . .

*s T .
. **

.

I 0. 2. 0.4 06 0.1 8 8.2.
.

1i
di

pCl/g
- _ - - - _ _



~ *_

_

l I GJ O T e D |-) U F 8(e N8 e U -2.') M! .
.-

_
.,

. c .
,

. . _ . . . .._ .. ._.

.. . . . .. . ... ..
.. . _ . . .

... . _ . . . . . . . . , .,
. . . ,

. .
. .

s. . _ _...
. . _ . . _ ,. .

,s . . . _ _ . . .
. ,* . .
.. . ._

.

.
. . ..,. . .

. . . ., ,. .
1.

*

. . . . . _ ..t
_.

o , , ,
. _ _ . _ _ . . . .. .t. . . . . . . _ . . _ . .. . . . . . . . _ _ ....

. .

.

. __

.o |

._ .. .. ... ..
t. ___ . . _ _ . .

. _ _ _ . . - ..__. ..,.. _ ... . _ . .
.. .. . _ . _ . . . .

... .
.. . _ . . . . . . . .

.. . . . _ _ ....,. . . _ . . _. - __. . ____
_. . . . . . ..

. . . . _ . . .o _ _ ___. _ __._... . . . _ . . . . . .. . . . .._....
. . . . . . . . . . . . . . . . _ .... .. . . . ._. .... . . . . . . _ . ._.

. . _ . . _ . _ . _ _ _. . . . . . . . .
. ..... . ..... .. _ _ _ . . . .. . . . . . . .

. __ . . . ... _ .. _ . ..
. . . . . . . ... ..._ . . . .

3 ..._i__.....__ ...
_. _ . _ . . . _ _ _ _ . . . . _ . . . _ . . _ . . . . . . _ _ .. _ . , _ _ . . . .

_ _. . . _ . . . . _. _ _ . .. ..... . . ... .._... ..... ... . . . . . . . . . ..

. . . . . . . . . .... . . _ _ .
.. .. , _.

.__..... . . . .. .... ,. . . .. . _ . _ . . _ . . _ _ _ . ..... .. . ._ _ . .. o.
,

. . . .
! f __ . _ _ . , * _ _ __

,
.

;
. .

, *

. _. ..... . . . _ _ _ _ . _ _ _ .

. . ,
_ _ _ . _ . _ __ _ . _ . . _

__ _ . . . . _ _ _ _ . . . . _ _ _ _._. _ _ _ _ .
. -

. .
.

.. _ .._

. --
. . . . _ . _ _ _. .

_ _ . _ .
.

.
_ _ . . . _ _ _. ..

_ . _ = _ . . . _ _ _ _ _ _. __.
. .. _. _

_
_ .

. _. __ - . _ _
. . .. .

e._

o
._. _ _ _ _ . . . . .. ._ . . . _ _ . . . . . . __

.. _ . . . . _ . . . . . . _ . _ _ . . ._ _ _ _ . _ . .__._ _ _. _..

_ . _ . . . . . _ . - . _ _ _ . _.___. __

. . . . . . _ . _ . . _ _ _ . _ . . , ._ _ .... _.. _ _ . . . _ _ .
. _ _ . .

. . . . _

. . . . . _ . _ ... .. _. _.
. . . _ _- _ . _ . _ _ .._ ._. _ _ - . . . .. .

. ..
_ . . _ ._

.. ...._ _. . . _ . . _ . . ._. ... . . . . . _ . . . . .
. _. -

.

...... . . _ . ... . .........
. ....

.. ..

.g . _... . - . . . . . . . . _ . _ . . _ .,

, .

. . _ . . . _ . . ..._ .. .

. . o
.

.__ . . . . . . . . . . . . .. . . . .. . . . . . . . . .

.. . . .... .
. # ,. .m.

.

. . . . . . . . . . . . . . ..
......

. . . . . . .

. . . . . . .
.

.

_ _ _ _ _ , . . _ _ _

. _. . .. _ _ . _ . . _ . _ . _ _ _
. . . . . _

.
_ _ _ . _ _ _. _ . _ _ _. ~ _ _ . _ _ _ . _ _ _ . . . _ _

. a.
_ _ _. . . . _ _ . . . . . . . . _ ... =.._ _ . ...

_. _ _ _ . _ _ _ _ . _ _._.._._ _ . _ _ . . ._ _ . . . ...._._

o.

,r_ . _ . -
. . . . . _ . . . _ _ _ _ m . __ _ . . _ . . . . . _._. . _ . . . _ _ _ _ . . _

. . . - . . __ _ _ _
.

__
_ . . . . . ._..___. .. _.. _ _ . . . .. .o....__._.,_...__._

. _ _ _ . _ . . .._..___p_._....... . ._. . . _ . . . . .
. . _ _ . . _ _ . . _ . . . . . _ _ .__ . . . _

. o
. . _. .._._.._ _

> .

_ . _ _ . . . . _ . . . _ .
. . . . . . _ .. . _ .. . ...

_ . . . . . . _ . _ . . . . . _ _ _ _w _ _ . . ..
. . . . ... . . . . . . . . ...... . . . . .

%
_ . . . . ,. .. ._. __.. . . . . _ . .. . . . . ...... .

. _ . . . . . _ . _ . _ _ . ._ .. . _, ... . s
.

_ _ _ . _ . .. .. ._.
. , . . . _ . _ .... . . . . . _, . . . . . . _ . . . . . .. . . _ _ .

. . . . . . . . . .. _.
. _ .

. . _ _ . . _ _ .._... ......._.. . _ _ . . . ... ., . . . . .. .. .. . _ . .
. .. . . . . . . . . . . . .

.. ..._._.. . . . . .......

. . . ,.. . ..
..

.... .,..
.. ... .. .. .._ . . . _ . . . . .. ..

...a. _e. . .... .4., . _ . _ . _ _ . .
. ..., ..+_ . . .

g . . ._.
.._ .i . . . . .. . . . . -,.

__....... .o... _._._... . . ._ . .. 1 . . . . _ . . . . . . .

... . . ._... . . . . . . . . , ._. .
_ _ . . . .... . . . .. .. ...

.. . ... . ..... ....
_ _ _ . . . . . . . _ . . . . . . ., . .. _

_
.._. .t.

. ._ _ . . . . _... . _ . _ . . . . _ . ..._... .

o.m . . . . . _ .
. _ . . . - . . .. . . _ . _ _.. . . . .

, o. _ _ .

.._. ._ ... _m
.S. _ _ . _ . . . . . . . . .

_ _.. _-. _ ..
. . _ . . _ . _ . _ _ . . . _ . . . . . . . _ _

_ .
. . . . _ . . _

.. . . . . _ _ _ _ . _ _ . . . . . _ _ _ . . . -
_ _ _ . . . _ _ . . . . _ . . _

r. . . _ _ . . . _ . . . _ . _ . . . . . . _ _ . . . _ . ._ . . . . . . . _ . . . . . _ _ _ . . . _ . __

_, .._....._.i..._ _. .. . . . . _ . . . . - _ _ . . . . . .

g. _

__.
_ . . . . . . . . ..

, , - ,,,

e. ..,
._ ...

_

. . . _ . . .
. . . . . . . . . .._._..._._.a.... . . . _ . . ..... . . . ..___.. ...... .. . . . .. ..

.

........ . . . . . . - .. ... .. . ..
.

. . . . . _ . . . ..
. . . . .. ....

._... . . . . . . . . _ .. _ . _ . .. . ..., . ...._2_- . . ... _..

. . _ _ . .. . . . . _ ..

_ . . ....._. . . . . _ . .
.. ..

. . _ . . ... . . _ .. . _ . . .
. . . . .. . . . .

. . . . . . . _

.. . ._. . _ . . . _ . . . . _ . . . . . . . _ . . ,.... _ . . . . . . . _ .

* , ...._. . . . . . , . . . . . .. . . _ . . . . . . . . . . . . . . . .

.. . ., . . . _
_ . . . ..

6, . . . . ... ...
..

_f
._. . . . _ . .

.
. ..

. . . . . . _ . . m.
. .. . . . . . . .. .. ... . .. .

. _ . _ . . . _. . _ . . .. . .. . . . . . _ . _ . . _ . . . . . . _ . . . . . _ . .. _. . . . .
,

& _. _ _ . . _ . . . . _ . _ _- . _ . . . . . _ . . . .. _ . . . . . _. . _ _ _ ._ .
.,

t
.. . . _ . . . . . . _ _ . . _ . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . ...

. .__... .....i... .. . ..
. ._ : .

. ._.... - . . _.... ...

1 i i.... . .

.__ .. . _ . , ~.
.

... .s . . . . . . _ . .._. ._.
_ . . . . . ...

. ......_... .. ._. . .
. . . ..... ..

. _ _ . . . .
, . . . .

es e e, a. . a . . . . a ae . .|.--._. -._--4
. . , _ . _ . . ......._

r ...

__1...
..... ..e.._< -.. . . .

F
.-. - . - . .-. .-.

_
,

, .. ,.
r. . .

.. g.

.
.

a.4
. _ _ _ _ _ = .

. _ _ . _ .... . _.
_ - . . . . . _ . .

.

1
....

. ... . _ ... _ ~t _ ._..._. .. ... . . . . . . _ _ _ _ ,
, .

-- ._._. I..
j_

1
. . . . . .

. . . . . ... .- .... _. _... . ..
e

* .. o |

. . . . . _

. . . . . . _.. ... . _ . . ;

. ... . . . . .. ._. . . . . . .... . . . . . . . _ n.. . . e ,. . _ . . . . .,. .
.

_. . ;
.w. . _ . _ . . . o. . ..

. .. |. .-- ._. . . . . . . . . . .
_

. . . . . . _ . .
._... . .... . . .. _. . =-.. . _ . . _ . . . ._ _.. .p

... . . . . . ...
.

...>. . ~ ,
.

. . . .

. _ _ .. _ _ _ _ . . . . _ . . _ . . __ . . _ _

) |F

? I '

*f I O.I O.?_ 03 4.4 .

A
i

||

.
.

pfJ /.1. ,

o
-

\



_
_ ,

j gure 7 15ur ece W ter e 23Br-

,-
o .*

| g
* o . . .

L ....l. ...:.... . . . . . . . _ . . . . . . _. . .
. . . . . . . . . . . .

-
i : . i :t .

. . . . . e q |
. .g* s..... p. . _ . . . l . . .

.

. . .

. . . . . . .

4

. . _.. ..,. . .
. . . .,. i .. . .. .

e

. . . .

. . . s .
....L.. ..1... . . . _ . . . . . . . . . . . . . . . . . . . .. . . . .

.. - . . . 4 . . . .
.

_
.,
,. _

- I. ..i o e e
... - . . . . . _ . . . . . _ . .

. .
,

. . .
..4......

...4... . . . . . . _ . . .+ --

. . .. . . . . . . . . ... .
<, . . . . . , . _ . ... .. . . . . ..... . . . .

,
n e .

.. .. . . . . . . . . ... . .# . - . . _. .. .4.. . ...,., . . . . . . . . . .. ...
. _ . .

...
4.

..

. . . . . . . . . . . . . . . . . . . . . . , . . . . . . . ... ..... . .
.,

. . _ . . .
.p. ..

[ . ... .. . . a..__ . . . . . - ., . . . . . .
.

. .....- . ..... . . . . . . . .
. .

. .s....*
. . . . .

.. ..;_. .. .. , . . ...

..7
- . .. . _ ....... . . . . . . . . . . . . . _ .... .

&..
. . _ . . . . . . . . . . . . . . .. . _.. ....a... . . ..... , ..._. .. ...

._ _ .. _. .
.....,

. . . .. . .

-
.. . .. - .. . .. . . . . . ... . ..

.
. . . . . ..... . .

,. . . . . . -.
-

*
e.

. **

.. *
t 9
~ ' ._. ._.-e . .

.

. ._. . . =. ..=t .~. .
a

.

_ . . . . . .

,

| - ... . .-
_ .. . _ . . . _ . . . . . _ _ . . . . , . _ , , ,,.

,
,.

. ... __ .,
- __

.
. _

. _. ._
.

. .

. .. __
.. - ..

_ _ . _

- _ .
_

... , >..a... . _
- - . . . .- .. . ... . . . . . . . . . .

. . ~ . . . . . ,

.. - . . < . . . .- .. . . . . ,
. . . _ .

_ . . _ . . . _ . .
_

_ . . . . _ _ . _-..: _e
. . . . . . _ . . . _ . . . ... ... . _ . . .... . . . . . . . . . _ . . . . . . ... . . . . . . . .. . . . . . .. . . . . . . . _

..... . . ... . . _ . . _.. . . . . . . . _ _ . .. ....

. . . . . . , . . . . . . . . . . . ..< .. ._

... .

. . . . .. ...
.. . . . . . . . . ..g..

. ...
.,

s,
.

R

.

. . .
. . . . . ..,

.
.... . . .

8_ . ...... . . . . ... . . . . . . . .._... . . . . . .. . . . . . . .... . .. ..... ..
......

. ...... . . . .
.

i .-
.. . . _ _ . . . - . _

! , - J ...
- .. . , .j.:,. .. _ _ . . _ . . . _-_

g .. _ .
. .. . . . _. ......_
... . . ..

g . . _. ... - .. .._ . . . . . . . _
. ... __ . ....._... . . . _ . . . . . _ . .. _

.. .
.. = .... _. _ < . . . _ . . _ _ . . . . . , ._ . . . . . _ . . #._....., . _ - ;

,
- ..W.. _.3.

..- = , __ _

- .1.... . ..+. . .........

_ _ . _ . . _ . .._ .._ . e.._...... .. < . _ . . . . . . . . . . .

4..... . . _ .m . . .-
,.

.... . ........g..4
..

, _.

.. . .1
._ . . . . ... . _ . . . . .

. .

_ . ,

.

.. .... . . .. . . . . .
.. . _._.....o,-... .. . .... . . . .. . .. .

.

. . . ~ . . . . . _ . . ._ . _ . _ . .. . . _ .* _ .4 _

. ..

.. .. .. -.. .
. . .._ . .. .

F
. g . ..

. . . .

9....... .. . . . . _ . .. . . . . ..

. .,

9......... . . . . . . . . . . . . . . . ... . .. , . . . . . . . . _
_ . . . . . . . .

. . ..e . . . . . . . . . .. . . . .
. . .

. . . . . .....g...........
. _ . . . . . . ... ..

. ., .. _ _ . . . ..
. . . . . . . . . . . . . .

. . . .
.. . . . ..... . . .

i..... .... .... . .
. . _

... . . . .p
. .. ... ..

.

e . . . .

0
. . ..

,

e %.. ..... .... s.. . . . . . . .. .., . . . . ... . . ...._...i........... . . .

. ...-.. ._ . . . . . . " . . . . .
.. ,

. . . . . . ... . . . . . . . . . . . . . . . . . . . .
. .

g. 3
.

. . . . .
. .. . . . . . . . .4

. . . . . .. . . , . . . . .. . . . . . ... ..4 . . . . .. .. , . . . . . . . .
. . . . .

.

. _ . . _ . . . . ... . . . . . . . . . . ...._.. . . . . . , . . . _ . .. . . . . . . .._ .. ...
p, -. .,

~.

t u.
. . . . . . , . . . . _ _ = . _ . _ _ _ .

. _ , . . _ _ . . . . . . . _ . . ..
. ... . ... _ _ . _ . . _ .

_ ._. . . . . . . . . . . . . . .._. . . . . . _
. . . _ . _ . . . . . . _, p

. ._ . . .....- .._ . . . .. . ... . . _ . . . . _.e.........., *

$.
..g..e. .. . . . . . .... _

. _ . . . _ . . . . . . . . . . . . .
-

. . _ . _..... . ...6.... . ._. . . . .. . ... . . . . . .

. . . .
. . . . . . . . . . .... .... .... 4. . .

. , . .. . . _. .. . .. _ . . . . . . .
. .

....... .
.

....l. ... . . . . . . . ..* ... .. .. .

.. ; .
. . . .

...
. . . .

.. .

.. ... .... ..... . . . ..
. . . . . . . . _.. . . . . . .. .... . . . . .. . . . . . .. . _ . . . . ... .. . . . . . .. .

> . .. ._ _ . .
. .

. ...I. . . . ..
. . . . . .. . . .. . . .

. .

..
. .. .

. . . . .- . . .. .. ...
.. . .. . . . . .. . . . . . . .

-i #.
_ ... . .....4. . . . . . . .. ...

[
. .

.. .. .. . . .

,p . .. , . ,,
. . .. . . .. . . .. . .

T . . . . .

| 8 .. . . . . . . . . . . . * . . . .. ... .... .. ... .. . . . . . . ..

. . . . '| .- . . ..... . 8884. . ..... . . _ . . . . . . . . . . . - .. . . . . .. .. .

$ _. . . . _ _. . . . . - . . - . _ . ... . _ .. . . . - -... -... ... - an

..... . . .. . . . . . _ . _ . . . . . . < .... .. .. . . _.
, _ . . . . . . . . . ..000 8 3

i l .

!.... .. . ..
I

. . . . . - . . . ... .... . ... . . . ... .. . .
_. ..

._ i .
.

. _ . .. . . . .
he

e .. o ... ] . . . . . ... . ... . .. _ . .

.g . ..4 . . .. . ~ . . . . - . . . ... .. . .

h........
- . . - - - . = . .. . . - . " - <

. . . . . .. . . . _ . .. , . . . . . . . . . . . . . . . . .,

te.....< . . , . . . . _ _ . . g . - _ . . . .-. _ . ..... .. . .
l .. ._- . . . .

.

i 5
,

! .4
3 4 i .

i

..
.n-

- . . . _ o. .. _ . . ._ _ . . - . . .._

. . . .
.

... 4

g . -. _ . _ _ . ._ ._.. . .. .... ..._. _ z. . .. . .. =,=

. . .

.S's
. ... .

oc
. .. ... . . . _.... . . _ . . .

...e ... . . .

.
.. .. .. .. . . . . .P . _. .. ..

....
.

.. .. -.. .. . .... . . . . . .. . .. . . . . . .. .. .. . . . S1. . . . .

4
..

. . .

. ..... .... . . . . , . . . . . . . . . . . _._.r.. ._ . .... .. _ . _. .... .

. . _ . . ... . .,. . . .. ... . . . . . , . .. . . . _ . . . . . .. _ . . _ . . .
4 ,

- . . . _ . . . . __.. .. ._. . . _ . .- - ..._
g .. _ . ,

>L r .
o

< *
5 0.1 02. O.3 0.4'

1
.

a,

~ . pt i /.1!

,

~



! -T~UPD 'f~ br 0U n c W cttef U .Z M
=

, .
..
.m : .

. . .

, ,.
. ., .

. .. ... . ..
.. i. .

.. . .

c. . . . ... .. ... . . ..

.
.

. ,
.

.

. . . . . . _ - , g .

,
.

s. . .. _ $ . . ,
..

.e
. . . _

.

O $
Og .

. . . . .

. . . .
_ .

i
'.

.
-

; .-
- ,... , , ,

._ -==_. ._ -. 4 .,. . ..!.. .. .. . . . . . . . . . . . . . . . _ . .
.. . ._ .

.

, .. .4... . _ . _ .__. . . . . __ . _ . . . , . . . _ . . . . . _. . . . _ _ ... . . . . _ . .,. . . .

... 3.. . _ . , . . . . . . ..... , . . . . . .. .

. .
..

., . _ . . . . ... . _ . . . -
.. . . . . .. . . . . . . . .. _ _ . _ _ . . . . . . . . . . . . . . . . . . ... ... ....... .

. . . . . . ... ..... . ..r . . . . . . . . . . . . . .. _ _ _ . . . . . . . . . . . .. _ . . . . . . . _ .
. . . . . _

. ..
.. . .

. . . . . . .. . .. .. .. _.
. . . ... . . . - .

. ...

. ...
,

. .... .

- ,, .._a..-.........__ . . ..
-

. . . .
. . . . . _ . . . . . . . . . . _ . . . . . . _ .... ..

_ ... _ . . . . . . . . . ..... ..._ . . . . .. .. . . . . . . . .._. .

... .. . . ... . . .. .. _ . . . . . . . .. _ _ . _ _ _ _. _.. . . . . . . . . .
..

.. . . .. . . . . . . .... .....

..
. .
.

. .

, , . ..__. . _ _ _ . . . . . . ..._ . __. . __.
,. , ,

_ ,,_ ,
. _ . ; __.. . ._ _. _ __ .. . __ . . . . _ _ . _ _ _ _ _ _ . . _ _ _ . . . _ _

.
._. - =_

. ._. . . . . , . _ . _, .
. . .. _. . . _. . ..__

. , _ .
___ ..__.

_
. _

O
_ .. _ . .-

E- . _ . . . . . _ . . . . . . . . . . . . . . . . . . . . .. . ... ...m. . .. . . _

. _ _ ..._... .
_ . . . . . _ _ . . . . . . _ . . . _ . . . _ _ - ... _ . ._. . .._ . . . . ..___ _ . . _ . ._,

... . _ . . . .. . . . -

_. .. . . . . . .. _.... . _ . _ _ . . . .
. . . . . . . . . . .. . _

. . . . ._. .-. .. . . . . . . . . . .. . .

. ...... ~.....
...

_ . . . . . . ... . . . .
_. . . . . . _ . _ . . .. .... ..

....
. . . . . .

y. ._.......
. ...

....

.
.

. . . . . .
..

. . .
.

. ..... .. . . . . . .. .
.. . . . . .. . . . .

, ..
.

. .... ... ..... .st o
. .. ,

_-
_.. _ . . . .. _ _._ __, .

,._. . . __.-. .. .. -- ,

.
_ _ _ _ __ .. _._ _ . . . .

. ._ _ . . . . . . . . . . _ . . . _ . . . . _ .

g ., _ . .- . . - . . e..._ . ... _ _ _ _ . = . _.. . . . . . _ . . . . . . .

. ,-
.4...,,

_ __ .____ .

. _ . , _ . . _
_.

_.._ _._ _ . _ . . . . _._. _ . . . ._ _ _ ,_. . . _ . _ _
.. ... ._. _ |~ ._ ..._

. _ _ . . . _ . . _ . _ . . . . _ _ . . _ _ . _ . . _ . _ . . ._ . . . _ . _ ..

,,-
.. . . , . .

_ . . ._.-.._4......_ | . . .
,

** . . _ . . . . . , _ ...,a,.
_

. . . . . . . . . . . . . . . . . . . _ . ... . S-
_ . . .. _ . .-.... . _ . _ . . _ . . . . . . . . _ . . . . . .. . .

\__._...,____.._m.__._....._.. .._ . _ . _ _ . _... . . . . _ . . . . . _ ..__
... . -

.__ . . ._ . _ . . . . . . .
, . . . . . . .. ... .. .. ... . .. . 1,.. . . . . . . .., .

_ _ . ..[.... . , . .. . . . . _ .9
. . . . . . ._ . . ...,,..... . _ . ,

... .. . . . .. ... . .._... . |...
..._.... _ _ .. . . . . . . . . , . .. I

. . . . . _..
.... ... ... ..

. . . . . . . . . g..
...... . . ....p_.. . . .

. .. . . . . . . .... . . . . . .. _ ._..
%. . . . . ..... ... __q

. ... . . .

S....-. . . . _ . . . . . . . . , . . . . ..g..... .
_ %

. . . " . .
*

_ . . . . . . , , . . . .. ... . . ..... . .. . .. . .
.. . . . . . . _ _ . . . . . . . . . . ..-._ .. .... . . ..

_ . . . . . .... _ ... . . . . . . _ . ... . ._ .._...i.... . . _ . _ . . . .. . . . . . _ . . . .. ._ . _ . . ,
. . _ . _ . . . . . _ . _ _ .
__. . . _ . . . . . . ._. . .,

R. .. .._. . . ..._. -h w
. . . . . . . . . . _ . . . . _ . .

_ _ . . . . . .,,
. . . - . . _ . ,. .. .. . . . ..

_ _ .... . . _ . _ . . . . . . .

_ . . . _ . . _a. e .. . . . _ . . . . _ . _.g...
. . . _ . _ . ........._ . .... . _ . . . . . ..

.c., 0
... . ... .. ._. . ... ....... ..-..._ . .. _. . ...._.. _ . . . . .-

.

.h3
.

.. . _ . . - .._ _.
..

5 ..g.

_

.... .. . . . . ..... ... . .... . . . . .
-. _ . . _ . . . _ . . . .

.. .. . ._. _. . ... .. _ ... ..... ... . . . . . . _ . . .. ,
. . _ .

.... ..

... ,.. . . _ . .
.

._ .. ...
. .. . .. . . . ... .., , . ... .. . _.

_. .
........ ..

. . . . . _
. . . .. -

._. . ..

.. . . . . ..___e..,. . . :
. . . _ - . . . . ...._.... .i. . . . . . . _ . . .. . . . . .. . _ .., 1 __. .. .. . . . .

. .
. . .

... ... - . + . .,... . . _ . . . .. . . . . .

, .. .. . . . . .. ._.. . . .

. . . . _ . . . ... . ,
. . . . . .

s . _.. ..
.. . . .- . . . _ . . . . . . . .

3 .. ..

. .

. . . . . .
-

,_ . .. . . . , , ,. . . .. . . . . . . . -
t. . . . . .

1. 2
. _ . . . . . . . . . . .. . . . . .= . . . . . . . . . . .. . . . .

-. . .. .. . . . . . ...,..... . .. .. ...
.. .. .. .. . .. . . . . . . . . . ...g'

*.b
. _... .. ... _. . . _ _ _ . _ . . . _ . . . . . _ . . . . . _ ..- _.. .._ .

t .. . . . . . . _ _ . . . . . . . . ...... . . . x. .. . . .. _.. . . . . . , . . . .. . . . . . - .. _ .....
. . . . .

. .
...

. .. .
. . _ _. ... _ . . ..... .. . . . . . _ . . . . _ ._. .. .

, .,
. ..

._ . ... *.. ._. ._. . .

. .: . . , . . . .. ..,
. ..

... .......:. . . . . _ . . . .._
. . . . . . . _ . . . .

. .....,. .. . . . . . . . . . . . . .. ....._.. . . . . . _ . . . _ . . . . . ._
. . . . - - .

..i. . ._. . . . . _ . . . . . .

C
. . . . _ ......_.3

...... . . . . _ . . . . . . . _ .
_

'
l .I 1 I ! . ,

.. . .

.. . _ . . . . . _ . . . _ _ . . _ _ . _ _ . . . . .. - _ . . __ _._ .

O
L

.

a
. . .

.,.>. =
.. . .... . ~ _ . _ . . -. . .-

g , _. _ . ,.__._ _ . . _ . . . . _

, . .

_c
O' #"'

......
.

.

. _ . . . ... . . . . .. . ._ . .. . . . . . .. . . . . . _ .. .
. . . . . _.. . . _ . . . . . .... .

. . .

t
. .. . . ... . .. . . . . . . . .... _ .

_. .... . .. .
_ ..._ : o

..

. _ . . . . . = . - - - ... _. . . . . . , . . .. _ . - . . . . ._. . . . . . .. _.. _ . . .g . 2 ... ....: . . ..- . .... _. ..
._, ... . . . .

%i .. __. . _ . . __ . . _ _ . . _... .. . - .. _ _ . . . . . .
. ,

. e
r4 t- .

*
E O.1 0. 2. 03 a9

.

: pC1/1
, .



, _ _ _ _
_

s!e . .. . .. ,. ... .

i . F .. .igure E arouncweter c238
p

|
E

., . . . j
! . . . ' . . . . . . . ' . . . . ..h.. . , . ... . .

i' '

1
. . . . . . . _ . ..

. . ._.... . . . . . . . . . . .
i

.D . , .

-

I -

* -

,eL.- . . . .g . . ,. e .

g .._ .. .. ...._, ..... .. . .

D,
. . .

. ... . . . . _ . . ... . . . ... . . . .- .

,.' I <

.
. . I

.

y
.
a

. ,
.7

.,x .. , , ,
.....t... ..:.. . . . . . . .

.. .
. . . _ . . . . .w .' s... .... . .. . . . . g

,u
'._

.

E*. .

. . .. ..;...... ..3... . ._ .a ._ .. .... .. ....- ..e. . . - . .. . . ,

e.. ....e.. . . . . .. .e .. -.. ...... ..
.... . .g J

e e 1*" s . . . ... .i
.

... . . . . . . . . ...i.- . ...O - .q .. ._ ..d .. .. . . . . ....... . .. .... . .

.... ... . . . . ... <

. . . . . . . . . . . . . . .- . . . . . . _
. _ . , _

..J .... .. .. . . . ..... . . . _ . . . ..- - ..
* 4 . ........ . .

. . . . .
. . . . .

.
.... . .g . . . . . . . .....

. . ...... .

... - - . . . -. ... _. . . . . . . . . . . _ . .. ._.. . ... .... . . . . . . . ,

. ... . . . . .. . . . . . .
....., .. ..... ..._. . ..... ...

t . _ . _ . . ..i...._ ..s...... . . .. .. . . . . . . . . . . . ... .

...#... . . .. . .. . . . ... - . . .. . _ . _ . .._

p .. . . . _ . . .

e 8e
.

. |et
.|

. .
e a

+t
- . -.

.
.. . .. .; .. . . . , . . . . .

. *
f 4 .4. . -

. .
.....e -_ . . . . ...! . .

- - - . . _
. . . . e

ie
.. ., s* ,

,
.

9

. . . - . . _ _ _
t

4 . _ i

5
-

l
. .

,

' . . . ,
. . . e

.-
oe

- -
....a.. e

. . . _ . . . . . _.. _ _ ........= .. _ . . . . . .- _ _ . . .- . _ . . _ . .
._.. . .. . . . . . . _ _ _ . .

. . . .._ . ,..._...
.

.. . . . . . . . .
,

. . .. . . .... . . _ . ...

. . . . . ._
_. . .. .. _ _. . .... . .. . .

. ..... . . . . _ _ . . . . . . .
. . . . . . . .. .. . . . .

.. .

.. .,. . . . . . . . . . . . . . . . . ...
, .. .. ... . . . . .

. _ . . . . . _. ... _... . .
..

.
.

. . . .
....

. . . . .4
,, .

. . . . . . . .. . .
.

. . . . .

E
..... .. . . . .. . . . .

. . . . . . . . . . . . . . . . . . .... . . . . . . ..,.........A g. ...J ..... . . . . .
.. . .. .. .. . . ..

' .

- .. . . . . . _ _ _

. ..
..,.. 4 . . . .. _ . . _ _ = t . _ .s ...

s . .e . __ . _ _. . . _ _ . . .-
.

. . . . . . . . . . _ . . . . . . .._. . ... ......

p
- . . _ . . . _. .. __ . . . . . . . . . . . . . .

.,
_.y _.

.= O
2 . . . _ _ . , _ . . . ,s ~, ._. . . . . .

. .._.,
- . . . . _ . _ _ _ . . _ . . . . , _ . _.

.. _ . ,.

. _.
. . . . . .. .... ,

- _ . . .. .. ... . _ . . . . . . . . . . . . ....
. . . . . _ . . . _ . . . . _

, ,= .
' I,.. < . . . - . . _ . . . _ . . . . _ ..-

, 1

. . . .. ...

. - . . . . _ . . . . . . . . . . .
-

* ... . . . . ...

. _ . - . . . - _E..4..... . _ . .
...

. . . _ _ .

,
. . . . . . . . , _ . . -. . . . a . ! . . . ~_. . .

. . . _ - . . . . . . , ._ _ . .. . ..-.. ....
1 , - - . . . . .

..
. .. . . . . . . . . . . _ . .. ... . ., . . . . .. . . . . .. _ . . .

.

E
. - - .. . . . ....

. . .

~

. . . . . . . . . _. .. . . _ . . . . . . . . . . .. . . . . . . . . .
...

.

. . . ..... - .. . . . . . .g

... ... . . . . . . .. . . .
. .

..', ... .

.... ...._..s.,g..... ... . ...
. . . . .. . . ..

..... . . . . . . . . . - . . . . ---t . . . . .. . ..e......... . . . - . ...
L

. . . . . . . . . + . . . .... 9. . .
.. . . . .g.._.. . _ . . . . . - . .

.

.4........ . . . . . . . . . . - . . . . . . . ...

. s . _ . . .. .. .
.,g... .

.. . . . . . .. . . . .- _ . . . . . ... .

4...... . . .

. .. . . . . . . . . . ...... . . . . _. .. .... . . . . . . .

._.. .

._
-. - . . e

....j..-......<
..

.e.
- . . . ..... . .. .. ..

. . 4. . . . . . .
. . - . see

. .< . . . . . .. .. ..g

( a. .e .. .. ..1.....
. 4ee . ..

- _ _. _ _ . _ .
. . . , .. .- . . . . . ._ ... .. .. _ .

e _ ... . . . . a.... .- . . ....
- . _ _ . .

,b - - -- --

. - _ _ - - . . . . -. . . . . e. e e. .. . - . . . . -
- - - - - ' . . . . . - - - _ - . . . . . . _ -

- - - - -- ---'.
. . . . . - . . . . . . . ~

. p.
- a g

._. . _ . . .. _ . . . . . . . . . . . . . . ...

..
. . _ . _ . ......n_. . . . .. .........

. . . .. ..... ..
_,U .e . . . . . . . . . . ..

.

. . . .- . .. . .. .. . . . . . . . . ..
. . . . ._a...

.4 ..

........
..... . . -

. . . . . . .. .... . . . . .

. . ... ... . . . . ... . . .. . . . . .

. . . . .
... ..

. . <...

..._._. . . . .

. . . . _ .
.

_ .

.. . . . . . . . . .

. . . .. .

...
_ ....

. 1..._..
. .

.. .. _ . . ....
.

.

. . .. .. ..
... . _ .. . . . . . . . .

,
... . . . . . . . . . .. ... .. . . . . . . . .s . . . _ .. .. . . .. . . . . . . . _ . ..

.... . . .e .
. . . . . ..... ..
._. . .. .

. . e...... . . . . . . q

.. . . . .
.o.

.gg....... . .. .

t ._. . . . . . . . . .. - . . . . . . . . ,

... ., ..... . .. . . . . . . . . .. . .. t
* 6 . _. . . . . . . . . . . . . . ... . . . . . . _ .o . .y . . . _ . . . . . . . . . . . . . . . . . . . ~ ---. . . . . _ . . . .. . . . . _ . . . . . . ..

. g - _

. . . . . . _ . . ... . . - . . . . . = . . . . .. .-- e

_ _ .....m.. . . . - _
._ i ..

...... . . . . . .. . . . . . . _ .. . . . . . .. . . . . . - . . . . . . . . . . _ .
t 1

.t
i .

. .._ . . . . . . . . . . . . .. ..... .. . . . . . . . . . . . . .. .. . . .. . . . . . . ..

- - . . e s

f I ees*

. . _ . ... . . . . . . . . . . ...
h,

..

.....s..
e . .. ._. .

.., .. . ..
... ... ..... . ... i.........!.. . ..... .. . . . . _ . . i ... .. ... . . _ .. . . . _. ... . . .. .

. . . . . . .

. . . .- . ..... . . ... .
_. ..g .

l
g

.. .. . . . . . . . . - . . . . . . . . . . _... ...

I ! !
i 1 5

.-. |
,

, .. . . . . a ,
>

.

_. . _ ... . . . . . ._ ..-
.. _

. . _ . . _ . o 1
. . .

i

i.
1- . .

. .
. e ,

.. - . . . _ . .
- .._ ..... , .. . . . . . .< ,

. g . .
g

t- i
j s' O

.. ..._.. ..... .~

$
....

.._. .. . . . . , . . . . . . _ . , .._. . . . ... ... .
,

..

.. ..... ...
.

._. . . . . ...
..... ... .. . . . . .

.t . . - . . .
.. < . . . ,

i.. . .... . _ . . . . . . . . .. ._.

' ._.
.. _ . . . . . _ . . . .... . . . - _ . . . . i

..

. . . . . . . _ ... . . . . _ . . . . . . . . . - .

..4.. . .. ... . . . . . , . .. ..... . . . . . . . . . . . .
._: . .. .

_ . . . . . . _. .. . ... . _ . . , . -. .-
. _. , _

t .,

r. =
5 0.1 0. 7. 0.3 01 . ..

.

,Y

'
,

h

?
- pCl/l j.

;



.

____-___ - _

Igure 1U b_r o u nc1 A Ster U- Ly+ 1
- 'm--

--
.

-
-

.
, u

O.. ~ . ,, . ~ _.. . . .,. . - ~

.i l'h i:li ilh Eh.' ii!|iid !ill d|I !!'I' |||| ||| | ||5 Y h| !h. |||! - | t | i 'ii' :$ ||h || | !!|| | | "

7 .i. ..,,f 1 .. isito 4;. i:,i e.4 | i i
.J:.. ,,,, si ..j . . .:.i .i, ;;ie : 1

.
| t n .

. , . i. .-
, , .. ., , .. ... .,.i . . i . ...

- - -.. ,
-i , . , .

+ =r r:1 " -4 .--* -
--

:-i=h:- - ;-!
1l- | 1---| .

'
-

t- -

'
:i 1 i .:ltit: .lii lies 1,i; ')- - - .

? *
l . i te. i:.a itti lisi fill i 1| | |

- r . 4 1-
-sj 1 p .in .

I . i ... i.o . . . . ... .... .... . . . . . .:.. .. i , . . ,, , i

! . ... ..! :( * .t i .* . ie api :lli |1|| || t t | t | j |Itli I||| | 4| |
*

1 o. sh ! l - H. :p.|: !Il
'.-

r, . . ...., ..I ,,.. .. , , . . . .n. 1 1 ... ... ... .... ,,i.,, , ,,
.i . ... ,,.

i ., , , ..., . .. . . . . .. . . ... .. . . . ..

. .

' e 1 i* W
' '. 7. .'

.7
'

;
- a ;'' .4

._:

j ! | i |
' '. T h '*

' '

4". i r i .
,

, ,
,

f.
'

' '

I i8 | |||| ||d. Ih '!! N .h*I !|! I||h |
' :it!I|! '|| ||| | f |||| '

l '| 1!ii 81,! I||| ||| ||8il ''IJi il j||*I|| |||| ||| |||| | | | | ' ' . '?! is'|il!'{ ||i. r'|i :j!',Iij 1
' '

l' |

e .je:1- .-l:Is: 6|| g g i 3 g ijij 6 e e i ..: .1,| .g . ...(..e: 6: t,i,, gg g g g g*

| .t - .!: l e :: . g ' i

..t. e. t e e i e" i, e t I a e e i *i# . . . .. t' 1 4 si .. . . . . :s | . ,

$ .i , e, is. 81sti... .I e , I .s- 2 4 . . 4 .. g t.
.. .. .

. . . , , ,

{ I .l .i. .

i n . e a
* ha i . .

g _

~ " + -
, , 1

--

_ _ , .
== I

I
..

.

' &

1 |i i t g

| .i . . m
i ... , , , , ., . . . . .. .,

, ' ' ' '

_j | ". - M i. |,, , ;
, ,g . , .

;
. H-?

, '
,

"._ | -4 :' '
'

,
1

I I i . .

,
' --t ,

, ,

e --
3 _

!, | | -t |I - - -
^

,
i ._

,g
' i* ' . _ .({ .. , ,, ,

* ' '

.f -- .' -| | -j
. , ,

,, .

e e i .

- . - ' - - -
-

-
-t -www i

1
.

i .' I I I i

i I I 'W W I I g

I
a i

, I j

'd I i t a I a i

s i . i i e ! i i . ,

'

S . " " * .-
_.

**
. : i y 4

,_
^

~ f y .
- --.--| . _

U i 1 m = 1
_

_ _ _

2
1 r i

_

_ _ , , , ,
1 .

: :
._w- .._g .>

,

. ...s.- .-.
e i ie ,,_. i i .i

' t 1 i i i . . tg , ! i t ,

! . e ii ., # .I i i 6 . . e | 4 i . ..
g .- | -

3

3 i.t ..it; *I.Ieit i e i e t . 4 i .a, . ;e..: - t . e e t t,
3

i I ( t 64s P .f.'. :s} ?t. (of $ .I- i' i i.,- tillli i*Ie | |t iII! et: e j g e.
' ,

.

.'.h: lil: 'cl e. :r..|i||. :p|t||; : I !j!: Ij|| ||f is |||| lil! | || |||| | ||. |: - i! Ili i
'

i , i '''i.' ' i

1 $ !!. l!!: l' !!Il |d| !!|| | || |||| ||| :D |W !'O J1 ' |[ |!!|'|; ||I Mill |||| |||. n,,
< .

,
. r- -

. . . "I' "'" --

i . .N)
~*" ' ,

i. ,. i , i . , i i , , , .

|. i i i .i i ;i4 i i- i , . . . , . , ,

g
__

- 1
,

I i

| - i : 5 I . t y ,

.,i, , . . . , . . , , , , g
..i 6.. . .... . , .

i 8. . , t- :it. : e: eei! ,t e { ( i:.. 'eei t6 | s.: it'|itsi :.e,I ei| 4i| t ( | t 4 6 *

. *i .I'. i'h |||!. i l ' 'l o !!Illlill lli|||| | t I ||||| | | al t' ll! '.l : .i'll. : 4!{l'!; t i:1 j|al |||| | | | |
*

$ 1 i .. i. .. : ei1.': . I 1 * 8 - .' ' * 8- * '. . ..e e . 4 . i

si li.| ||1!|i I | | |1 8i .| :1 6.|?til. ! .sil i;l!| 1 ' ! .i' . ' | . '. . |ll : | l|||||||) i || | | | "|.l +;! 8

j
|

k' E . .

* - - - m \

|
. . .

|
-

p. _. . . _ ,
_.

,

, . . , > > ,

j~ ".'1 . . - .- - sI **"1 '# . g .,. i. .i. i . . .. .. .i

i . jdi ,, -"| 1 s. j- }- ... . ,j:.,

.l. I i t'll 's :lli l | | s: !t i 1 | t . g* .

.' fIe|{ ||{| |||rg||lll|f|| | f| || | | ''...; !.'t'i!|ii|. I''t is:; ,;ii, i| '!|| i I '. .
,

: i : I : ! :
: i : : l' i

- *

| 4gg* gI - . . . ~ _. . .
c. 9 e o. g; e e: -( H 4 4 t 5 . - . ..

.

pC I/.1
,

- - - _ - _ _ - _ _ - _ _ -



Figure 11 L,roundweTer U-Z50:.
1

i O.. ~ . ,,. . . . . ~ . .

b 2 1|l i!U i!! ,!% h!! !|l: $ ||h || !!|I || | | 4 i'E i!! 'I|| d:'.' S|li'! !!ll I!!' Utl ll|! |||| ||| |

1 ,,i
. .. . i >i iisi iii, .:ii i,I .i i .iii i: ..i. .
i i .

2

, . ..., + -
i__i*

, _
,

.
. i , . i . . i .

,

g
' .- .4_. si

- . . = __ - - - -> '._,-_,'{ | **"* :*~ * _ : 4-
- ...

*"
.m_ ; _ *;~

ii '' l'ii' I8 8 I'! I I| l !h ~i43i fifi 8til 'fIi ilI I ;i ! 'I- ' i

,,, g " ''j..| .' '.- *

: 4 . . .i... |""1 -
, ,i i... .. . . .. .... . . .

4

!It! tii 'li: t |' d 'i.1 !' i.'* Illi li i!! i: lil I!Ii iiti | it t
'

i . . I I i;-
.'

' . .'

; i- . .. . . . .: . ..> ii ii i. : . .i ii. . . i .. , .-1- .,. . . .

i i i i -
+ ;q ; _

-.L -A >

_

i . , 4 .
i . . , .

i i i I 'I i I ! i
j , ,

1

'if 0 ' l , | .t'|*, ' Oi Isli|||i |||| ||||' \'i' .iii! i " ' $|||i' :ll! |||| |||| ||||
'* . .

' tie : ).- ii :l. a: 8It! aitii || 1 i:. a.| i .:| !: ':|'!i, ;11 laii Iii| | 1I t '' ' *

. ' '.i.. 1. : I-4 . tie i eii ii.i.. .i i i ... iii.iii ei.1 e i i i
* ..: , ., , e i i ,. .i , i .e i. . . . .. i ..,, , 6

-
.

.
. . . . i , .. . . . i , .

'
I i 3 . - 8 ! n , I

|'' ii ..a

1
'.

- .

|

,

' '

|?
_

|- -

- - . _ - - - - . - - . - . -
- - - _

_g__
, . i , . i . , i

* i mm.m i . I E '

4
' ' ' '

; | | 1
' ' '

-. ,
,

R, . ... > . ,

** .. , j
-

... , , ,

5_ |
- -L '

.
- --

,

>
, - , ,

, i,

4
,

P - t----i '
- _ _ _ _ 1.

i+ t 11
_ _ _ _ w '

=, _''
_.-

=
,

. .: ,

).
-- .

*
i,

1Da - -t --- - ; ,. ;
, , .

e. -- . i i . , i.

- -i > i i
si i i i i

,4 , -i .g -

es -

pg4 --- , - - 2 1

u _. J
-- , ,

i.a
(;| ;- ----

_ _ . ,

E>s r! i e
.i . . , , i . . . . .

log
gg i,

. i , ,. . .

i i . . ..: . ... .i i i i.. . . . i .. , .

g |.I 6! i ioil iiiri ...' isi i.it i e 4 i .ie ;- 1 . . i iiiei6 i i-

ie si' 1:!' l .. ..l:::. . | :' 'i'l':il |i|I | || } j| !.. :h ii.i. i"it i..lilli lill lil! !|ii ||||"

~!' ;!!ilill! i!!| ||!| |||| |||| T U'' 'U 1; '| !'.l': 3'l1Ii !||| o||||$|'" '! Hll -

| . . . .
- -; | . :

--

i , .1 .
- . - - i i i i . . i , i

. i i i i i i i i .

p.
.

>

p :.
> ' -

t i , i i

ij , * ii * .
'[ [. ___

.. J ! e . . * * ,

:t it. .: ''ie ii e i4 6i i.i. i'! n i , si i 'esi iiii i I ' ' - .' ' 'I i. ' i. -

.['r n . l: *ili 1 ' :1. . . I |ti llill ti,!|Il|| tI(| 1I .! it 'il 'N .i li i:li'i. iirt itfl ||4|| 1| | t'
'

.

! Si- ! i i + i . . . . . . . . .. . .. .ii... . . i . .,
... 1,

. _ 11|| o-|Ilt s ilt!)ll ii i it iii! ,a;. >| :1 . lie sit i . . | ! ' i t ii t|ie i i| ! ml:.i'l 'l 1: . - . ' '-- -.- - -_

' '
.

y ,-- - -
.

-

t-4r _ _ _ . i

., .-p-- | -i. i ii '_ ,

( -

ije i.s; ! .h..i i 114 ..] il.I i ii!i i i : . . . - i t | . i .. iii eii,

[ i| ! !"||| ' | '|'!'! '.|i:|||||| I||I i||||| | | | | b| I *. ! IU .'''|!!II ||I| |||'

e i i : 1 : : i |i : :
-

_| 4 4 s -
: 9 -

i 't t : ! a s*

* -
L 't M *: * a=. S 5 1- -

.. .

pCl/l !
i

w



., 7,y ,p.7 |.
s ,r w . m x. . , .. m .. .. . . .

gure .2-- ..

>

.,

Big Cree < SecIment -238
1

C 9
,9 M-4Tpstream

9. . .. . . .e
;

M-5 Line of Fire
__ A-M-8 Downstream

--A.8
'

o

M b oundary.7 -.- -

E -

/.6 / \
.

r-.-

/.
.

\o '

's. ..

':. _

% I A U-
'

i\.4 | - r ..-

-

\ < \ p' ,. . .

\ L * .,

.s ...e , \ /, y i g".-

., .o -. \ g g i .
, ,, ' , , ; .

, .2 / A.,
- e w. .- m, :

9....Q'. _ -a/f
.--

A
-

is .

\ Y ~~
' '

g- k ,. tt-,- ..
' ".1 W ~~

. .:, ,,

d ! lil IIII|!!II IllI|Illf|l111 till!Illl! lil!Ill! IIlll l
,

-
>

. . . . v ,

-5 5 5 10 15 20 25 3- 30 3.5 40 i 49 ' : 50-
!

*)G . Months S F! ring Commenced '' '

. . .

'

_____ __ _ __1________ _ _ _ _ _ _ _ _ ___ _ .__ ________ _ __ __--_____ _ _ __ -_ _ _ ______ _ ______ _ _ ____ _ _ _ --__________ _ _ ___ __ _ _ -- $_ -- _ - _ _ _ _ _ _



=.. - . . . - . . . . .

1Big Cree < SecIment Ret'os 35
2 ;

IC 'l-

M-4Tpstream j
_

g . . . . . . .g j-

; _

M-5 Line of Fire 1

j
_

1.5 _A
A___8 h nstreamM-_

?
7 i

-

$ I EN
E2 E ....b.c- ;&.xsE.:.d /. % '

O s , =\ A . , ,

' ' ' . , , /'' / \,
o \/ \- - s- ,

cE \ \J/ ',~ -

/ ,kgx '/ 'e
. _

.5
s |

N
-

q_

g _H-2 h nderg f_

:: i

'O 1111||111|1111|1111|I11||11i!!J111||11||1111 111||11111 1
' ' ~

-5 0 5 10 15 20 25 ' 30 35 40 45 50
.

. Months Since Firing Commenced

.

_ _ _ _ _ _ _ _ _ . _ - - . _ _ _ _ _ _ _ _ _ _



... .. . .. - ..... - . - . - .
.

. , ... . .. - -. ..

~

2icure L
'

..
,

v cdle=or< Eree< Sed men : L-238
1.5 _

1

1.4 C
M-3 stream

O "M-6
""'

13 Ine of Fire|

1*2 A-
M-7 wnstream-

'

E
1 Boundary11 M--

1 ..e-

.9 ,' '
' '-

__. ,

ti O- ' '

b ~8
- .' '

. *9-.

% .7 .G ' . ,' *'.. .,
. / i

-., .

'.f f6 *
-

.
. ,.

.5 p. y' 'y, ; 9..,if.... 9
'

-

/ A~ ~ )' ,o| ..% '/
'

.< .
.

.3 __ .. / _ _\ 'A / /' . ,' /
.

'
- -

2 5A / .O'.2 .

' g'Y.1 s
__

O Illl 111||1111|111111111|1111 IIlllittillilillui Illil

-5 0 5 10 15 20 25 30 35 40 45 50

Months 5 e Firing Commenced
,

,



. . . . _ _ _ . - . . . . . . . _ .. . . . . n . _ .. _
r 15 O>

..

g

Viccle or< Eree< SecIment J35r

2

C C-

M-3 Upstream
_

e .... ...e_

M-6 Line of Fire_

1.5 A----A
M-7 T)ownstream_

E _

7 A i

/ A ,.
.

'

R
- ~ s

'
1 O' ...a 4 ,c , j - y ~,,~...t9 - --

'
._._

-Ta g ---g /m - v =~ m'%, -

,

~

5
E ~

_

.5 ,

___
,

_

-

g.._-._-g_

M-1 Bounder 0".
_

l|I1||111|1111|1111|1111 1111|111|||!!I|1111|i11||11111
~

O
t !

-5 0 5 10 15 20 25 30 35 40 45 50 !,

Months Since Firing Commenced
;

d. _ _ . _ _ - - - _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___________ __

___ j
_ _ _



7 . _ _ _ . _ . . _ . . . _ _ _ ._ _ . . ; . _ . . _, . _ , , _ ,
, .-

icure .. a

Big Cree < _renium - 238
4 _

-

D-------B-

3.5 E - Upstreeni-

n,'
'T-

x. I

9-N - Li ne of Fi re /
-

3
-

I-

1i i-

Iu
WuDownstream i

-

2.5 -

I
&

~
l ~

S BN E
: i--+.

Boun.dary 3 -

2
-

5 7 - |
U I i

-

n. ,
-

1.5 i
- '

I i-

- .

I-

} I
-

I.
_

l_
.

t-

*5 - '-
-I -

- , ,
'

,Q-.--- 4 2 ;"'

'

i i iO! T i-i t ? M '__ i7'Frt2rTfT ivi1 ~ ivil IIi |1IIII .

, ,

0 ~l*I. t- i i i
_

'

-5 0 5 10 15 20 25 30 35 46 45 50

Months 51 FtrIng Commenced

O I ( ,

.



=

,o a
.

. _ _ _. _ . . 6. _ ,_ .. . . .
. . . ..-.y. . _ . . _

gtre .7 .
-

Vicclefor< [ree< L-238
.s -

C O-

SE - Upstreem
.5 g . . . . .. .g

5 - Line of Fire

A__ _A_

SW - Downstream'

.4 __. g. _
BS - ndary

b -

+ .

I .b A__

N /

G / :O i i/
ta _ +

i '.
.. ...e.

'.

.2 .

__.

E' ' h ::'/ y
.

-
.

..

% --
, E s a /.,h g '

'

.1 .

r

- /n ,, _..-m-h . /
-

'
,-

_ _ Q,.IIll
_ .

--- & |m -||1111111till 1111111|||1111|11111111Ii
- ~ ~g

|||111[ifl1e
4

-$ o 5 10 15 20 25
'

36 35 40
~

45' 50

.

M6nths since Firing Commenced ,I

-- - -_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ . _ _ _ _ _ _ _ - _ - _ _ _ . _ _ _ _ _ _ _ - _ _ _ _ _ . - _ - _ _ _



_= ._. - , = _ _ , _ _-. . __ _ _

.

=lcure :. 8
.

Sur ece neter Re Io _-23L/U-238 35r

2

C O |-

NE !_

E -E-

N ,_

1.5 C O
NH i

-

_

a)
en -

N '

~ '
\

.

-

m . -

g
/-

1, .m1 g i !
'

g ' '

' g 's$ \ 's / i
I

' '', \
_

'
o -

j ,,_
,

-
.

. ' g_______ - f \y i s< s

-y c ;

.5
. .

.,
i |

'
_

i : ,

,

~.3- f,

- :'
. :. :. i 9

b Il_ll|Illl|Illl|I, 111|1111| illl|Illl|1IIlll~lIl!Illl|lIl II

, _,

U

-5 0 5 10 15 20 25 30 35 40 45 50 ;

konths e Fifing Commenced |
'

,

C- r
_ - _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - - _ - _ -_ ______ _ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-d



,^o . _

. __ _ _ ._b- ..
. _ __ _ _ _. -

. _. _ ,e-_ ,.. ._ .a^
.

__

-

gure .9
_ .

-

Sur ece ^eter RetIo U-234/U-238 J3Gr

2 ^

C O-

SE_

E E-

5 j_

*~ 1. 5 a a ji

SH_

R
X,,N

i
-n

E,~
~

,
.

~ <_

q1
~

3,
-

,y ,-E
-

__.

, >w ,, ,

'r',
'

'g .- % '~

| o N, '
,

;,.

.$ ,

, .

_

:
_ ,

.5 .

__. .

s

,_

:_

-
.

. . .

~

iiiiliiilliitililiiliitilillilitiiliililriiilitiilrisii
-

0

-5 0 5 10 15 20 25 30 35 - 40 45 50

Months Since Firing Commenced
.

. _ . . - . _ . _ _ . _ . . . - - - . _ . _ - <- -
-e.-,. - -- -- -- _ - - - - - _



. , _ , _ . _ _ . . _ . . . ~ . . . _ . . . .. . ,. . . . .
- .. .

'

icure 2?.
.

Sur ece neter.Re o .-23L/J-238 3G !r

2 -

'

C O-

BN

~

BS
_

1.5 -

$ E- ,s
f.

'

N'E
-

N' 7.
_g'',,

4 /
"

_

g3 ,~. -g ,

i o_
.

m
_ X,,-
- ,

^ :o
.

1 -

a:
_

.5 _

_

' .
-

,

.. _. .

211|||1111 1111 I111|111||111l|11.1||1111|1111|ll11|l1110 ,

f

'

5 0 5 10 15 0 25 30 35 40 50

(.9- ' Months Firing Commenced
(,

,



= = _......_._ ._. _ _..
~

. . . _ _ _ . _ .

O'.=
g e 2:.

"

Groundweter U-238 East S de
3 -

!G c o
m-1

e egp
,

'. g_ _m__h
.
.

.

'.2
H m Y-

'

.
-

.

.& '. -
'

,

t e
'z ,

-
.

-- .

AM, '
-
.
'

I \.

' . , ,a / A '

j,. ,a, \
1 -

_

' !
, e 's

- O..-
- ' '

i'
. .,

-
-

..

~. ',. ~. , ..
< ~, r

.. '
~ ~., sg., . , ...,

.. . .. . .

{ ..
' *% % /

'
'

>

ik1TiiTt rtd.ltreffii i iiiiliiiiliiiililtilitiiliiiii
'~

e 3m

-5' O 5 1d ' ' 15 26 29 SO ' 35 ' 40 ~ 45 56
Months Since Fir-Ing Commenced

( *

_ . . .



- . = . . = _ . . ;; === g ; ;= -.-

=igure 22 .
.

Grouncweter U-238 West Sice
5

'

C _f-

4 g . . . . . . .g g
'

HH-6 I\
I \

'

s- W A I g

--
.

M -

j3 a- ;p I g c

I g
l

-

e/ \c -e
a i

'.}.'e.......\..g,...
'

'

a. 2 .- -,

\.
- po . ,,

K
- .

,s,
'

' g ------- El ;
b............9,_~~~g,,- | \

'

_
~

j . .
'

g, / ' ~~
~ ;-A--- ~-A

1 . e.-

ag _g._____ ,

\ gN . .- :
, . . . ;

-- _____g-

9.- -

D' tel lI*'T ! ! ! : lIU! ! i|Di ! i l l t 1111||11111111 till!!ill 1111l
.

'
'

-5 0 5 10 ' 15 20 25 30 35 46 45 50

Honths 51 e Firing Commenced

C ,

*C



.

O F'g A, 23 _.._._h..,_._.
_ - m _ _ ._.___ _ _ - . . . . _

Grounc deter Ret o U-234/U-238 JPG
3

_

o _

_

2.5 0-

-
. --

.- ._

\_ o ..... a ............ e ,.

R
--

. .. ,
-

.

i .e- -

g2 s -

, ..e
.

s e ..-
__

.n _ .

N - -

g ,
, .... .._

3 ~s A_ -A , ,
--

, .. 4
-

..A B' i
, s' '

N 1.5
-

s

/\ |
-'s _y s .

,

AA s s
-

: - -

o s i s_c a Y Ni, / \
._ 'yt Et- ,
a:1

,

;e.......e \ / s ,' / !

, s~ %2
p/ A ! u-

A-%3--A
-

\ ;-

.5
s w7 A' *

J: :
..

;
3ii[iliiiiliiiiliiiiiiiiiiiiiiiiiiiliiiiliiiilitiilisiii|~ E

a
,

'

-5 6 5 ' la 15 26 25 36 35 46 45 . 56

Months Since Firing Commenced
4

_ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-- _



= _ _ . _ . . . . _ . . _ . ,, _ _ _ _ _ __ .~-

rigure 2L .

Ground neter Retio J-23L/U'238 "G
3

g g 9. . . . . . . . .g g______A 3 .g
_ MW-5 MW-6 MW-7 MW-8
-

2.5
_

_

.
_

'

'" 2
~

.,-
s-

5 's .

.-

'4 :' sd A_'-!Qli'5 ;
~

s

|,._

b i -Aj____g_s-

g ..... e " ......-
.

e ...,
...g,

- .

s
i.o .

g
,-s e g ;

-c.;

~~E .- .g. ~9....
- ,g , ,....e...-. "-e.g1 ,g, ., ,

.,
- '

|,

'

i M -

-
'

.s|
~ .4x-

\ / 4|
-

/<

i t . %
-

-
.

c' f 11'l | 1111 l 1111 | 1111 | 1111 | 1111111 tillfil 1 1 l l-| 1 11 1 1111:11
I

,

'

,

,.- .
,

-$ 0 5 10 15 20 'l5 ~ , 30 35 4d * 45~3 50
,

'

.

Months 5 e Firing Commenced

_ - __-______ __ _A



_ , _ _ . . _ . _ . . _ . . . ..

5:J Eenter Ine o= rire 50 1 U-238
200 _

2 C D
Site 6-

-

175
g . . . . . . .g_

: Site 8
150 ~__ g g {

: Site 10
-

125 E 4-

Site 12_

:o
D 00

-

1

% -

:
75

-

:
_

5'O
-

9 ....... -- O ...,_-

/
-

. .. 9 . ~O~..'~~..,.- / \ | ~~''.
'

25 '

., s-

s- _I.4+44+tr TTrtNTT[NIIth |1iii1t_t la ~'' 4e I

-5 0 5 10 15 20 25 30 35 40 45 50

Months SInce Firing Commenced

L -- - - _ _ - - - - - - _ - - _ _ - _ _ - _ _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ __ __



. . . ._ . . . - - . . _ . . . ... - . . . . . - .. -. ..

=i gure 25
56 1 Ret o L-23L/U-238 J3G

2

C D-

Site 6_

e . ......e_

Site 8 -

_

1.5 A_. __ _ _A ,

Site 10 j
_

m i

N % --E --

3 Site 12 j_

I
-e -\"a a_- .

2 \ N- *

i. N Y \ EN,

3 s-

.

/ 1 i
~

,
s--

.

Ns -

i s i
e N

e.... h- -A~ \ / .A. !
-

~s s - s-

''' ~ke. . . . . . . . . ~[.T~ _ ' ~ . .

* *
- ~

_,__

u u er .tu
~ lIl'I|IiII|11II|IiiI|11II|1III IIII IIII|Il=1I|1II1|11III

.

_

0
: .

...
. '

-5 0 5 10 15 2d 25 3d 35 40 45 50-

Months 5 e FtrIng Commenced



.__y__._.,_.__ . _ . _ . . _ . . . . , .

gMe27 b
,__

r

0sition ( _.ine o# 2 ire So 1 J-2383

60 __

C D O-

Site 50 :-
! '. i50 e .......e .

. i.Site 45 :

__A : ;

A__ Site 46 ! i
-

40 g _ ._g ! i
Site 49 : *

: 1
: --

tn : .

h% .i
\
*

U .

:ct .

: ',,- .

'..

20 : '
,

__.
;: '

.
- Q : : .

~, : -
-

~, :
. .,

| '

10 ',- . .

G.... .!
*

.
.

:-

6 '1111|1111|Illi|1111|Ill! . 777 T T t r- t # . . i .~etTI. |gigij-

- - --- -

-5 0 5 10 15 20 25 30 35 40 45 56 [
Months SInee Firing Commeneed

.
_ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ______d



_ _ _ _ . . . _. - . . . . . . _ . .. ..

ricure 28
50i' Retio J-23L/J-238 J3G ;

2 |
ro o-

Site 50_

e . . .....e ;
_

Site 45_

1.5 g____g
Site 46_

co
& -EN -

!, Site 49_

s
M

~

i 1 ~ ~g%. ._g E
a7

o -

, s.. s--

t, , e,e '.- s
_ - s,a: ,

' ~'' '

t ., s
~

s
.5 / : ., , o

,' .N '
''
.,/ .

'\_ 'g' ,/ .,
' '

,' g- ,

' *,

9..
...e . ..-y-

D' IIi1!1111|1111|1111|1III|111I|1III|1III||111|111I 11Ii1 ..

-5 0 5 10 15 20 25 30 35 40 4$ 50 ;

e Firing Commenced

Honthsp51 po -

o .

.



m - . . ,- - - -. - . - . - . .

O,_,$
- . - - - - .

gu4 2s
~

O =
.

| 0sition J _ine o= = ire 50 1 U-2383

| 2.5
| _

'-

c 9 .

[k
i Site 54~

~

\2 _._ e .......e s'Site 53 s_
I

-

s
A____A | s

\Site 52 i s

/ A1.5 _._ y __ _g s
Site 32 | A-,

h I-

% |-

~
l

$ .I

:s .e
-E'g b _j

.

O,, ... ..: .. g- ---

-

.5 __

_

_

6 l11||111i|I111|111|||1II 1111|1111!!111!!115!!111!!1111~ '

-5 0 5 10 15 26 25 30 35 46 45 50
i

Months Since Fir-Ing Commenced j

l|.

- - - - - -

..
<



_ =- ._= . ;-...- -.......- -.-__- --

= gure 33
So 1 Retio L-23L/i-238 J3G

~

2 l

C o-

Site 54_

g. . . . . . . .A_

Site 53
.i.

_

1.5 gg
Site 52 .

_

8 s
_n

k ~

E i
-

>

n1 n

$, ..........2
__.

,
_

O , ,

j f'
.

d
_

| s y i
_

'
;% -.5 __. 3 N ,

- i
-

. Y,
|

s

|-.
_

| I
- i

. <- <
- ,,

_. .

|1111 till I l l i l i l l'l | l i l l | I l l l | I l l l | l i l l IIll|Ill!'l
.

b 1111
'

:

-5 0 5 10 15 20 25 30 35 40 45 50'

honthss Fir-I ng Commenced |

(' (.,



...., _ _ ,_.. ..,.; = .,, . ~ m..w .n .. .> w .e..,. g w .. .._...,m..y . s , s -pw . . ., py .c

~t gure 3.d .

-

i .

::mpact 30uncery So 1 .-238
2

C D-

Site 36/43_

g.......e
/44

_

Site 19_

1.5 A____A
Site 26/47_

_r g _ _-g
/48Site 2, _

, ,

,
,

''y j .,
- ~

~

O ~~.....Se - --g -f y -|Q g ',g... - ~.
~

~9-....... ..... ~,

-b- '3 '~-- .,
_

w ~~~~ q
_

.5
-

'
, .

-

Illilllillllillllill|Illl|lill|Illi 11|||1111 1111 11150

-5 0 5 10 ; 15 20 25 30 35 40 45 50
:k nfhs Since Firing Commenced
1



.:_=- .
- = ..

r i g e l r e 3 '2
'

Sol' Retlo U-23L/_-238 35
2 -

C D !-

Site 19_

9 . . .. . . .e-

Site 26_

1.5 A____A
Site 32 i

_

e
g. --gp :._

.3, Site 36_ .

4 -

-

N1 ._ 3 J e
_

2 r

.___ ~ g_ y A------A8 -

3
_

_. _

T, .w
_ ,

z;-
.

i-

'

.5 ,

i
I

_

- .. .

T- -
!-

'
- . .. - .. ~

0 I111' IIIll'Illf|IIII|Illt 1111|1111|1111 IIIlli-11|II111~

-5 0 5 10 15 20 25 30 35 40 45 50

bon'hs's FfFIng Commencedt

-

* -



=,. 3 a.. ::: = :.x. ,=;- .... - .. : . : .. ..

=igure 33
Sol 1 Ret'o -23L/U-238 J3G.

2

C O-

Site 43_

e......-e_

Site 44_

1.5
_._ A__ Site 47

__A

k 3E --E-

Site 48_

, _

b-W- ' M* * -- M~

-er
,

_
.

,O,..-
1o -

-
_

+
E ~

_

.5 _._

_

u.

-

I111!lIlI!IIiI!I111!IIII!IIII!IIII!IIlI!IIIIlIlII!IllII0

-5 0 5 10 15 20 25 30 35 40 45 50

g Months ge Firing Commenced g
1 .



. _. - - - . _ _ - ___

~

.

.

OVERSIZE
DOCUMENT
PAGE PULLED

~

SEE APERTURE CARDS
NUMBER OF OVERSIZE PAGES FILMED ON APERTURE CARDS

*

9 so sisoc30 - 01,

"O1-

APERTURE CARD /HARD COPY AVAILABLE FROM

RECORDS AND REPORTS MANAGEMENT BRANCH

.

$

. _ _ , . . _ - --.


