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ABSTRACT

Numerical integration of mathematical functions repre-~
senting the concentration of mercury, chromium and nickel in
Lake Erie sediments indicate that 3.3 x 10° kg Hg, 1.8 x 10’
kg Cr, and 1.2 x 107 kg Ni have been added to the sediments
through man's activities. Most of the mercury, chromium and
nickel are contained in the sediments of western Lake Erie.

A mathematical model of sediment transport in Lake Erie
shows that most of the heavy metals in western Lake Erie
sediments probably originated from the Detroit metropolitan
area and was input via the Detroit River. The sediment
dispersal patterns are as follows: 1) the Detroit River
sediment spreads southeastward over most of the western basin,
2) the Maumee River sediment is held within 15 miles of the
Ohio shore, and 3) the Cuyahoga River sediment travels north-
eastward along the south shore of the lake.

Attempts to model the transfer and transport of mercury
within the ecosystem resulted in partial success. Very little
transfer results between the sediments and other phases within
the system. In contrast the exchange of mercury between the
benthic organisms and other trophic and abiotic levels is
very rapid.

KEY WORDS

Heavy metals, mercury, chromium, nickel, Lake Erie

sediments, sediment transport.

ii



PROJECT PERSONNEL

Name Project Position Department
Faculty and Staff
Lester J. Walters, Jr. Principal Investigator Geology
Cynthia Cherol Laboratory Assistant Geology
Graduate Students
Dale Borowiak Research Assistant Mathematics
David Drain Research Assistant Mathematics
David Johnson Research Assistant Geology
Andrea Levinson Research Assistant Geology
Mary Marsh Research Assistant Geology
Linus Nwankwo Research Assistant Geology
Leo Schifferli Research Assistant Geology
John Turmelle Research Assistant Geology
Gordon Yahney Research Assistant Geology
Undergraduate Students
Mary Dahl Research Assistant Geology
Linda Glass Research Assistant Geology
Bruce May Research Assistant Geology
Rolf Pestel Research Assistant Geology
David Potter Research Assistant Geology

iii



TABLE OF CONTENTS

ABSTRACT
KEY WORDS
PROJECT PERSONNEL
INTRODUCTION
Purpose
MERCURY, CHROMIUM AND NICKEL IN LAKE ERIE SEDIMENTS
Sediment Samples
Methods of Chemical Analysis
Results and Discussion
Frequency Distribution Functions
Depth Variation of Mercury, Chromium and Nickel
Active Reservoir of Mercury, Chromium and Nickel
Total Reservoir of Mercury, Chromium and Nickel
Total Pollution Loading

Mass of Mercury, Chromium and Nickel in Lake
Erie Sediment

SEDIMENT TRANSPORT MODEL
Derivation of the Transport Model
Sedimentation and Suspended Sediment Concentration

Sediment Transport from Shore Erosion and River
Sources

MODEL OF MERCURY TRANSFER AND TRANSPORT IN LAKE ERIE

iv

ii
ii

iii

- S L S O O ¢ T

11
15
18
20

26
29
29
36

39
49



APPENDICES

Appendix 1:

Appendix 2:

Appendix 3:

TABLE OF CONTENTS (Cont.)

Station locations of sediment samples
used in this study

Hg, Cr, and Ni concentrations in Lake
Erie sediment samples

Computer Programs in the mathematical
models of sediment transport and
mercury transfer and transport

Program ACOMP

Subroutine AMODEL

Program ZBMD

Subroutine PROB

Program ZCON

Subroutine XAT

Subroutine TALFA

Subroutine CHANGE

Program TRANX

Program HGMODL

65

75

97

97
102
105
108
114
118
122
124
126
129



LIST OF FIGURES

Figure

1. Sediment areas used for mercury model

2. Sample locations map of sediment cores used
for this study

3. Mercury content in the active layer (top 4 cm)
of the bottom sediment

4. Total mercury content in the top 60 cm of Lake
Erie bottom sediments

5. Relation between background and pollution
mercury

6. Pollution mercury in Lake Erie sediments

7. Pollution chromium in Lake Erie sediments

8. Pollution nickel in Lake Erie sediments

9. Total sediment accumulation in Lake Erie
1939-1970 (kg/m2 x 10°)

1o0. Suspendsd sed%ment concentration in Lake Erie
(kg/m“ x 10°)

11. Sediment accumulation in Lake Erie 1939-1970
from the Detroit River (kg/m2 x 106)

12. Suspended sediment concentratiog derived from
the Detroit River (kg/m2 x 10°)

13. Sediment accumulation in Lake Erie 1939-1970
from the Maumee River (kg/m2 x 109)

14. Suspended sediment concentration in Lake Erie
derived from the Maumee River (kg/m* x 106)

15. Suspended sediment concentration 1n Lake Erle
input by the Cuyahoga River (kg/m x 109)

16. Sediment accumulation in Lake Erie 1939-1970
from the Cuyahoga River (kg/m2 x 10°)

17. Sediment accumulation in Lske Er e 1939-1970
from shore erosion (kg/m“ x 10

18. Flow diagram of mercury in Lake Erie sediments,

water, and biota

vi

17

19

22
23
24
25

37

38

40

41

43

44

46

47

48

51



Table
l‘

2.

LIST OF TABLES

Sampling cruises

Parameters for unimodal log-normal distribution
functions from mercury, chromium and nickel

Sediment enrichment factors

Mercury, chromium, and nickel loadings in
Lake Erie

Average wind velocities and directions over
Lake Erie

Average sedimentation rates for the 34 sediment
areas in Lake Erie

ILongshore sediment transport

vii

10
12

28

32

35
50



INTRODUCTION

The major sources of mercury pollution in western Lake
Erie and Lake St. Clair have been the chloralkali facilities
at Wyandotte, Michigan and Sarnia, Ontario (Federal Water
Quality Administration, 1970; Ontario Water Resources
Commission, 1970). Mercury-rich sediments from Lake St.
Clair are now being transported down the Detroit River into
western Lake Erie (L. J. Walters, unpublished data; R. L.
Thomas, personal communication, 1975). Thus, the Detroit
River should act as a major source of mercury input into
Lake Erie for many years. Small amounts of mercury are also
being input from Maumee River and Bay (Walters et al., 1974a),
Sandusky River and Bay (Walters and Herdendorf, 1975), and
the Cleveland area (Walters et al., 1974b).

The fate of the 228 tons of mercury in
western Lake Erie sediments reported by Walters et al.
(1974a) was approximated by a set of simultaneous
differential equations that described the movement of mercury
in a multi-level and multi-area reservoir. The mercury
reservoir in Lake Erie consists of 5 levels: water, f£ish,
bottom fauna, active sediment and inactive sediment. The
water, fish, and bottom fauna was divided into 3 areas corres-—
ponding to the western, central, and eastern basins. We
assumed that each of these basins were well mixed with respect
to water and fish. The active sediment levels were divided
into 34 areas (Figure 1) ranging in size from 100 km2 to
2000 km2. The benthic organisms were assumed to be uniformly

distributed in these 34 areas. The smaller sized areas are



9 >\
KILOMETERS 10 h\\\,——'*”/ﬂ
17

OO
5 (o] 5 10 IS
8 1
18
3 7 12 ) 24
AJ\
2 4 [ 13
[
16
I %’,
i9 23
L 14

SEDIMENT AREAS

N
30 33
29
/ 32
24

25 28 3t

KILOMETERS
. O )
3| 19| 23| 26 | 27 20 O 20 40 60
20| 22 /\_/_<
Y

Figure 1. Sediment areas used for mercury model.




located along the western shore of Lake Erie while the larger
areas are used for the central and eastern basins where sample
control was more sparse.
PURPOSE

The objective of this project was to develop a mathematical
model of mercury transfer between sediment, water, and biota
and transport from western Lake Erie to the central and eastern
basins and out of the Lake Erie system. This model based on
the interactions between mercury in sediment, water, and biota,
was needed to predict the fate of the large mercury reservoir
in western Lake Erie sediments, and can be used to evaluate
the effect of proposals for inactivating the mercury or dredging
polluted sediments.

The research plan divided this objective into three parts.
First, a model of theloading of mercury, chromium, and nickel
in Lake Erie sediments was developed. This model provided an
accurate estimate of the reservoir of mercury, chromium and
nickel. Secondly, a model of sediment transport in Lake Erie
was developed. Sediment transport was modeled as a stochastic
process, which is dependent on wind direction and intensity,
and water currents. Water currents were calculated using the
model of Gedney and Lick (1972) as described in Durham and
Butler (1976). Finally, a mathematical model of mercury
transfer was developed based on the work of Jernelov and

Asell (1975).



MERCURY, CHROMIUM AND NICKEL
IN LAKE ERIE SEDIMENTS
Sediment Samples

The main data base for our heavy metal transfer model
consists of sediment cores that have been analyzed for mercury,
chromium and nickel. Table 1 shows the source, time of
collection and general location of these sediment cores. The
latitude and longitude coordinates of these cores are listed
in Appendix 1. Mercury, chromium, and nickel have been
measured in 3761 depth intervals from 345 sediment cores from
the St. Clair River, Lake St. Clair, Detroit River, Maumee
River and Bay, Sandusky Bay, and Lake Erie. These cores
represent 316 different sampling locations, because some
stations were occupied at more than one time. Figure 2 shows
the locations of the sediment cores from Lake Erie which
were used for this study. The highest density of samples was
along the west shore of western Lake Erie.

Sediment cores from cruises 1, 4, A, and D (Table 1) were
collected using a hand-driven coring device with a 3.81 cm
(1.5 in) plastic (cellulose-acetate-butyrate) liner as described
by Walters et al. (1972). A gravity coring device with 5.08 cm
(2 in) plastic (cellulose-acetate-butyrate) liner was used to
collect the cores from cruises 2, 3, 7, B, and C (Table 1).
These cores were kept refrigerated or frozen prior to section-
ing into 2 cm intervals 0~-16 cm, 4 cm intervals 16-40 cm and
10 cm intervals 40 cm to total depth. The individual sample

intervals were kept frozen until chemical analysis.



TABLE 1

SAMPLING CRUISES

Stations Cored

Cruise
- Maumee Lake Erie Total Sample
Cruise Location & St. Clair| Lake Detroitj River | Sandusky Stations| Interval
Number Date River St. Clair] River & Bay Bay Western] Central} Eastern Analyzed
Basin Basin Basin
1 1971 RV GS-1 4 1 1 44 13 69 401
July 20-31, 1971
2 1972 RV INLAND SEAS 12 14 7 37 644
Sept. 6-13, 1972
3 1972 RV GS-1 35 37 338
Sept. 29-30, 1972
4 1972 RV GS-1 13 13 54 86 860
October 8-14, 1972
7 1973 RV MAPLE 13 38 74 800
October 8-14, 1973
A 1976 RV SEA RAY 6 9 3 8 26
June 11-14, 1976
B 1976 RV DAMBACH 20 26 246
July 12-17, 1976
(o4 1976 RV HYDRA 7 28 53 394
Aug. 21 ~ Sept. 14,
1976
D 1976 RV SANDBAGGER 4 4 52
November 14, 1976 L . . _ . _ .
6 9 24 14 36 130 93 27 374 3761
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Figure 2., Sample locations map of sediment cores used for
this study.



Methods of Chemical Analysis

Determination of mercury in the sediment samples was
done using the cold-vapor FAAS method of Hatch and Ott (1968)
as modified by Kovacik (1972) and Iskander et al. (1972). Two
one-~gram portions of the homogenized wet sediment were taken,
one for water determination and nickel-chromium analyses, the
other for mercury analysis.

The dried sediment samples used in the water determina-
tions were extracted (Wolery, 1973; Walters et al., 1974b) to
remove all of the chromium, nickel and other metals except
that bound in silicates and anhydrous oxides, using a pro-
cedure based in part on that of Presley et al. (1972). The
sediments were contacted successively with H202, HCL, and
NHZOHGHCl. The solutions were analyzed for chromium and
nickel as described by Walters et al., (1974b) by atomic
absorption spectrophotometry. A Perkin-Elmer model 303
spectrophotometer was used with the instrument settings and
conditions of Perkin-Elmer (1964) for all analyses of mercury,
chromium and nickel prior to October, 1976. At that time a
Perkin-Elmer model 603 atomic absorption spectrophotometer

was obtained and the settings and conditions of Perkin-

Elmer (1976) were utilized.

Results and Discussion
The results of the heavy metal analyses have been re-
ported in part by Walters et al. (1972), Kovacik and Walters
(1974), Walters et al. (1974a), Walters et al. (1974b),

Walters and Wolery (1974) and Walters and Herdendorf (1975).



A complete tabulation of our results is contained in Appendix
2. These results of heavy metal analyses are similar to
those obtained in some previous studies (Kennedy et al.,
1971; Shimp et al., 1971; Kovacik, 1972; Wolery, 1973; and
Allan, 1974). All metals showed some enrichment in the
uppermost section of the sediment column with fairly constant
and lower background levels underlying the enriched section
(Walters et al., 1974Db).

Walters et al. (1974a) defined the term background as
the metal concentration in sediments which is supported by
natural processes of weathering of the source rock, trans-

portation of the weathering products, and deposition as lake

sediments. Walters et al. (1974a) reported that most sediment

cores in western Lake Erie show background concentration
levels of metals at depth and higher concentrations which are
due to anthropogenic loading (Kemp et al., 1976) near the

surface.

Frequency Distribution Functions

The analytical results for mercury, chromium and nickel
(Appendix 2) can be modeled by log-normal frequency distribu-
tion functions. These distribution functions are described

by the following equation

£(x) = [(2m0%) Zexp-{ (x-u)2/20%}]

where x the logarithm to the base 10 of the analytical

concentration of mercury, chromium or nickel
on a dry weight basis

u = the mean of all log 10 values

0 = the standard deviation of all values

-8 -

(1)



Walters et al. (1l974a) proposed that mercury concentra-
tions less than 0.0675 ppm, which were usually encountered
in the deeper sections of the sediment cores from the western
basin of Lake Erie, represented the background component
which originates from natural sources. Therefore all values
of mercury, chromium and nickel corresponding to intervals
within this deeper background portion of the cores were modeled
with a unimodal lognormal distribution function (Egquation 1)
to determine the nature of the background component. These
results are shown in Table 2. The background means for each
element were very nearly equal among the 4 areas. Therefore a
Student-t test was performed for the mercury, chromium and
nickel means. No significant difference (P<.0l) was found
between the central and eastern basin for mercury and the
western and central basin with respect to nickel. The back-
ground values of mercury were slightly greater in Sandusky
Bay and the western basin than central and eastern Lake Erie.
The higher values observed in Sandusky Bay and western Lake
Erie may be due to the combination of high rates of bio-
turbation of the bottom sediments in these areas by an
abundance of benthic organisms (Skoch and Sikes, 1973;
Herdendorf and Lindsey, 1975; and Pliodzinskos, personal
communication, 1977), and input of sediment moderately to
highly polluted with mercury. Upon taking the antilog of the
background means we obtain 0.0298 ppm Hg, 15.77 ppm Cr, and
29.72 ppm Ni for the average background levels.

The sediment intervals above the background zone are

enriched in mercury, chromium and nickel compared to the

-9 -



..O'[-.

Parameters for unimodal log-normal distribution

Table 2

functions for mercury, chromium and nickel

Area Mercury Chromium Nickel
m o u o u o
log,, o9y logyy 109y, 1og)y  logyy,
Background Zone
Eastern Basin ~-1.6390 .3309 1.2598 .1643 1.5188 .1664
Central Basin ~-1.6057 .2472 1.2007 .2305 1.4607 .2616
Western Basin ~1.4027 .2732 1.1614 .1901 1.4663 .2635
Sandusky Bay ~1.3202 .1547 1.2325 .1639 1.5037 .1451
Total ~1.5252 .2858 1.1978 .2084 1.4731 .2460
Surface Enriched Zone

Eastern Basin -1.0240 .4034 1.4844 .1560 1.6614 .1265
Central Basin -0.8499 .3744 1.4679 .2452 1.6274 .2402
Western Basin -0.3471 .4911 1.6233 .3779 1.6545 .2819
Sandusky Bay -0.7041 .2575 1.3412 .1146 1.5755 L1111
Total -0.5394 .5049 1.5479 .3351 1.6399 .2517



background levels. The means of mercury, chromium, and
nickel in the surface enriched zone are given in Table 2.

No significant difference (P>.0l1l) was observed between the
means of chromium and nickel for central and eastern basins.
The greatest levels of enrichment for mercury and chromium
were observed for the western basin cores. Sediment enrich-
ment factors (Table 3) defined as surface mean/background
mean were all significantly greater than 1.0 at the 0.01
level. The enrichment factors ranged from 4.1 to 1l1l.4 for
mercury, 1.3 to 2.9 for chromium, and 1.2 to 1.5 for nickel.
The order of sediment enrichment factors observed in all
areas was Hg>Cr>Ni. This order is the same, but the values
were lower than those reported by Walters et al. (1974b)
(Hg=47, Cr=6.9, and Ni=3.5) for sediment enrichment factors
which were calculated as the ratio of maximum metal con-
centration to the background metal concentration. The values
reported in Table 2 are not the maximum metal concentrations,
but rather the average metal concentration in the surface
enriched zone. Therefore they should be much nearer to 1.0

as shown in Table 3.

Depth Variation of Mercury, Chromium and Nickel

Since our objective is to model the movements of masses
of heavy metals and not concentrations, the depth variation of
these metals will be discussed in terms of mass of metal/unit
area and not concentration. Walters et al. (1974a) proposed
that the mercury concentration as a function of depth was of

the form of a decreasing exponential term plus a constant,

- 11 -



Table 3

Sediment Enrichment Factors

Area Mercury Chromium Nickel
Eastern Basin 4.1 1.7 1.4
Central Basin 5.7 1.9 1.5
Western Basin 11.4 2.9 1.5
Sandusky Bay 4.1 1.3 1.2
Total 9.7 2.2 1.5

- 12 -



which represented the contribution from the input of non-~
polluted sediments. This was modified by the sediment
porosity (also an exponential term plus constant) and
integrated to give the pollution component in ugHg/cmz.
Since there is some debate on the appropriateness of this
psuedo-exponential model (Walters et al. 1974b), the varia-
tion of heavy metal content with depth will be modeled as
a power series.

Given the concentration of metal on a dry weight basis
and the water content, the depth variation is calculated as
follows. The porosity of a sediment core interval is

determined according to the equation of Berner (1971).

¢ (I)= W(I)ps/(ps+(1-W(I))pw)

where ¢(I) = sediment porosity of interval I
W(I) = weight percent water in the wet sample of
interval I
ps = average density of sediment particles (assumed
to be 2.6)
pow = density of the interstitial water (assumed to
be 1.0)

(2)

The mass of mercury, chromium, or nickel in the sediment

core interval I was calculated according to

ZB
MX (I) i[ CX(I) (1-¢(1))az
2T

where MX

t

the mass of Hg, Cr, or Ni in interval I

cxX

the average concentration of Hg, Cr, or Ni in
interval I

- 13 -

(3)



Z = the depth in the sediment core below the sediment-
water interface

2T = the top of the interval

ZB = the bottom of the interval

All of the variables on the right side of Equation 3 are
determined by analysis. However since the sediment intervals
range from 2 to 10 cm in length and were homogenized before
analysis, the coefficients for a power series that will
represent the observed data cannot be determined in the
normal fashion. The integrated form of a function CX(Z)
which is a power series can be calculated for each sediment
core using standard least squares methods. If the unknown

function has the form

+ A.Z + A Z2 + A4Z3 + A 24 + A 25 (4)

cx(z)= ay 2 3 5 6

Where CX(Z) = the metal concentration in ug m.etal/cm3 as a
function of depth.

Although CX(I) is determined by analysis, the values of Z are
indeterminate because of the nature of the sample. However

upon integrating Equation 4 for each core we find that

ZB
MX(I) = CX(z) dz (5)
ZzT
or
_ 2 2 3 3
MX(I) = Al(ZB-ZT) + A2(ZB -ZT%)Y/2 + A3(ZB -2T7)/3
+ a,(zBY-z1%) /4 + A, (8%-27°)/5 + A (zBO-21%) /6 ()
where ZT = the top of the sediment interval

ZB = the bottom of the sediment interval

- 14 -



The mass of metal in the sediment interval I is calculated
from Equation 3. Thus our problem is reduced to one of
multiple linear regression of MX(I) on the new variables
(zB=-2T) to (ZB6—ZT6)/6. The linear regression was performed

using the Biomed program BMDO2R (Dixon, 1970).

Active Reservoir of Mercury, Chromium and Nickel

Jernelov (1970), Jernelov and Asell (1973), and Wolery
and Walters (1974) have proposed that mercury in sediments
3-5 cm below the sediment-water interface is inactive and
not normally transferred to the water and biota above. The
results of Bongers and Khattak (1972), Jernelov (1970) and
Wolery and Walters (1974) lead to the conclusion that the
top 4 cm of the sediment column in Lake Erie can be con-
sidered active. Therefore instead of reporting surface metal
concentration, the total loading of mercury, chromium and
nickel in this active layer should be determined.

The loading of metal in the active layer is calculated
by integrating Equation 4 between the limits of 0 and 4 cm.
The coefficients Alto Ag for Equation 4 were calculated in
Equation 6. Therefore the loading in the active metal

reservoir is given by

4
Mass Active X = ‘sCX(Z)dZ (7)
0
or
Mass Active X = 4 Al + 8 A2 + 21.33 A3 + 64 A4

+ 204.80 A_ + 682.66 A

5 6 (8)

- 15 -



Figure 3 shows the results of our analyses of mercury
for Lake Erie surface (active layer) sediments. This
picture of heavy metal loading has been developed over the
last seven years. Starting with the work of Kovacik (1972),
which was reported in Walters et al. (1972), Walters et al.
(1974a) and Walters and Herdendorf (1973); continuing with
that of Wolery (1973) reported in Walters and Wolery (1974);
and Walters and Herdendorf (1975a, 1975b), Walters (1977),
and Przywara et al. (1977), we have developed a picture of
mercury distribution in western Lake Erie surface sediments
which consists of 1) a high concentration south of the mouth
of the Detroit River, 2) a lobe of sediment with elevated
levels extending from south of the Detroit River mouth toward
the Bass Islands, and 3) elevated levels in Pigeon Bay
sediments. Figure 3 is consistent with this picture as well
as that reported by Thomas and Jagquet (1975). The loading
of chromium and nickel in the active sediment layer follow
the general pattern of mercury. The differences between our
current data and that reported in Wolery (1973), Walters and
Wolery (1974), and Walters et al. (1974b) reflect the great
increase in data now available (Table 1). The data of
McGuire and Walters (1978) on Maumee Bay is included in our
current picture.

The areal distribution of mercury, and chromium and
nickel (not shown in figures) clearly show increasing
gradients back to the following source areas: 1) the Detroit
River, 2) the Cleveland area, and 3) the Buffalo area.

Fifteen miles south of the mouth of the Detroit River the

- 16 =
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Figure 3. Mercury content in the active layer (top 4 cm)
of the bottom sediment.
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metal distribution patterns trifurcate into three distinct
lobes: 1) a minor eastward lobe which follows a narrow path
until it spreads out in Pigeon Bay north of Pelee Island;

2) a southern lobe toward the Bass Islands which fans out in
the south-central part of the western basin; and 3) a south-
west lobe which diminishes as it approaches Toledo. The
better control now available for the central basin reveals
that these metals are being transported out of the western
basin and into the central basin. This same general pattern
was shown for mercury by Thomas and Jaquet (1975). Cleveland
and Buffalo are major sources of chromium and nickel in the
central and eastern basins. Walters et al. (1974b) reported
that both the Cleveland and Buffalo harbors had elevated
levels of heavy metals. A plume of metal enriched sediments
extending from Cleveland toward the western basin is shown
in Figure 3. The metals in the Buffalo harbor sediments are
dispe;sed to the west in the central basin and to the north-
east through the Niagara River to be deposited in a plume

in Lake Ontario around the river's mouth. These dispersal
patterns around Cleveland and Buffalo follow the clockwise

rotating bottom currents reported by FWPCA (1968).

Total Reservoir of Mercury, Chromium, and Nickel

The loading of mercury, chromium, and nickel in Lake
Erie sediments was calculated by integrating Equation 4 for
each sediment core between the limits of 0 and 60 cm or the
total length of the core if it was less than 60 cm. Figure
4 shows the distribution of total mercury in Lake Erie

- 18 -
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Figure 4. Total mercury content in the top 60 cm of
Lake Erie bottom sediment.
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sediments. The major deposition centers for mercury,
chromium, and nickel are 1) south of the mouth of the Detroit
River, and 2) west, north, and east of Cleveland. The
eastern basin of Lake Erie is not a major deposition center
for metals because very little metal is input along the
Canadian shore of central Lake Erie. Kemp et al. (1977)

have established that the greatest site of sediment deposi-
tion is in the eastern basin due to longshore drift of sedi-
ment derived from erosion of the till bluffs on the north
shore. Kemp et al. (1976) found that these bluffs contain
very low levels of mercury (.045 ppm). Some polluted sedi-
ment from the central basin is carried to the eastern basin
by bottom currents (FWPCA, 1968), but this still is secondary
to the metals deposited in the western and central basins

(Fig. 4).

Total Pollution Loading

The estimation of total pollution loading of a metal is
similar to the calculation performed in Eguation 8 except
that the mass of metal X must be corrected for that due to
the natural loading of metal in the sediments, which is
determined by the nature of the material in the source areas.
In Table 2 we established that the average levels of metal
in Lake Erie sediments as 0.0298 ppm Hg, 15.77 ppm Cr, and
29.72 ppm Ni (dry weight basis). In order to make an
estimate of background level biased toward conservatism, we
considered levels below 0.0717 ppm Hg, 25.84 ppm Cr, and

54.67 ppm Ni to be of a background nature from natural causes.

- 20 -



These levels were established after about one-half of the
analytical work was complete. They are approximately equal
to the background mean plus one standard deviation, which
according to the complete results of Table 2, are 0.0576 ppm
Hg, 25.48 ppm Cr, and 52.37 ppm Ni.

Equations 3 to 6 were used to calculate the coefficients
(Bl-BG)cﬁfthefunctionsCBX(Z)predicting the background levels
with depth. These functions are not constant with changing
depth because of variations in water content of the sediments
with increasing depth of burial. Figure 5 shows the relation
between the observed data, CX(Z), CBX(Z) and the pollution
load.

Equations 3 to 6 were used to calculate the coefficients of

the concentration CX(Z) functions (Al—A The total pollution

6)‘
load was calculated by summing all positive differences be-
tween total concentration CX(Z) and background CBX(Z) as

follows

Pollution Load = I[(AZ + A222/2 + A3Z3/3 + A4z4/4
Z

5 6 2
+ ASZ /5 + A6Z /6) - (Blz + B,Z /2
3 4 5 6
+ B3Z /3 + B,2Z /4 + BSZ /5 + B.Z /6)1]

for 0 <z < 60 cm

and CX(Z)> CBX(Z) (9)

Figures 6, 7, and 8 show the distribution of mercury, chromium
and nickel calculated by equation 9 which have been added to

Lake Erie sediments by man's activities.

- 21 -
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Figure 5. Relation between background and pollution mercury.
Chromium and nickel pollution were calculated in
a similar fashion.
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Figure 6. Pollution mercury in Lake Erie sediments.
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Figure 7. Pollution chromium in Lake Erie sediments.
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Figure 8. Pollution nickel in Lake Erie sediments.
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The general patterns of these distributions are similar
to those in Figure 3. However the mass of metal in the
polluted area south of the Detroit River mouth is much
greater. Figure 6 is similar to the pollution loading map
reported by Walters et al. (1974a) for the western basin.
The differences represent the added control of data since
the 1971 RV GS-1 cruise. Very low levels of metal pollution
were observed in the central and eastern basins, especially
for nickel (fig. 8). In many cases, the pollution nickel
loading of sediment cores in the eastern basin was 0.0.

This was because of the conservatively biased estimate of
background nickel that was used.

Mass of Mercury, Chromium, and Nickel
in Lake Erie Sediments

In order to calculate the size of the active, pollution
or total metal reservoirs for mercury, chromium or nickel in
Lake Erie, one must either graphically integrate the maps
such as Figures 3, 4, 6, 7, and 8 or integrate mathematical
functions which approximate these surfaces. The latter
technigue was used in this study. The latitude and longitude
coordinates for each of the sediment cores (Appendix 1) were
converted to meters north and east of an arbitrary zero
point. Then the values for active, pollution, and total
metal were grided using program 6.1 of Davies (1973). These
grided values, including zero values for the shoreline were
sorted into 34 overlaping areas. The grid values in each
overlaping area were used to calculate 34 functions W(X,Y)

in ug metal/cm2 for each active, pollution, and total mercury,

- 26 =~



chromium and nickel using program 6.3 of Davies (1973).
These 306 functions were of the form

+ A, X + AY +...+AnY7

w(iX,Y) = Al 2 3

for n=1, 2,...36 (10)
which is a general 7th order equation in the space directions
X and Y. The loadings of mercury, chromium, and nickel in
Table 4 were calculated by integrating each of these 306
functions over the 34 contiguous areas as appropriate until
the whole lake had been covered.

We estimate that 230 metric tons of mercury have been
input to western Lake Erie by man's activities. This value
is remarkably close to the 228 metric tons reported by
Walters et al. (1974a) and was calculated independently and
using a different procedure than they used. Comparison of
the metal loadings in each of the basins should include the
respective areas of the three basins. The western basin of
Lake Brie contains 70% of the pollution mercury, 56% of the
pollution chromium and 53% of the pollution nickel unevenly
spread over 13% of the bottom surface. Major amounts of
total chromium and nickel are found in the central and
eastern basin, but due to the greater areas of these basins,
the concentration levels are much lower and the pollution

is more diffuse.
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Table 4

Mercury, Chromium and Nickel Loadings in Lake Erie

Metal Western Central Eastern Total
Reservoir Basin Basin Basin 3
3 3 3 107Kg
107Kg 107Kg 107Kg

Active Hg 62 52 11 130
Pollution Hg 230 75 22 330
Total Hg 300 230 73 600
Active Cr 5100 8800 3600 18000
Pollution Cr 10000 5200 2500 18000
Total Cr 33000 93000 25000 150000
Active Ni 5300 12000 5400 22000
Pollution Ni 6400 4800 780 12000
Total Ni 55000 160000 46000 260000
Surface 3280 16250 6220 25750

(area km™)
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SEDIMENT TRANSPORT MODEL

Derivation of the Transport Model

Sediment transport accounts for a substantial portion
of mercury transfer in Lake Erie, so it was necessary to find
the rates of transfer between the thirty-four sediment
regions (fig. 1) in the mercury model. A stochastic model
for time averaged sediment transport was devised to determine
these rates. We present below a description of the sediment
transport model and the programs used to implement it.

The lake was divided into 2529 regions based on the
two-mile grid of Durham and Butler (1976). For each region
i, transition from model step k to k+l is defined by the
following three substeps:

l. Compute a new suspended sediment load for region

i including sediment transported to region i during
this time step and the sediment remaining suspended
in region i:

A, (k+1)=zP..S.(k)R,.
 (eFL)=ER5 S5 (o) Ry

2. Compute fallen sediment in region i at the end of
time step k+1:

Bi(k+l)= Bi(k)+Si(k)(l—Ri).

3. Compute the new suspended sediment in region i:

Si(k+l)=Ai(k+l)+Ni.
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The symbols in the above equations are to be interpreted

as follows:

Ai(k) = the suspended sediment transported to region
i during step k from surrounding regions.
Pji = the probability of water transfer from
region j to region i in any model step.
Si(k) = the suspended sediment in region i at the
end of step k.
Ri = the proportion of suspended sediment in region
i which remains suspended during any model step.
Bi(k) = the amount of sediment which has fallen to
the bottom of region i by the end of step k.
N, = the suspended sediment input to region i

from outside the lake; that is, from shore
erosion and rivers.

To substantiate the validity of the sediment transport
model, we here offer a proof that it conserves mass. With-
out loss of generality we may assume that Ni=0 and Bi(n)=0
for i=1 to 2529. We show that the total mass in the model
remains constant.

Total mass in the model at the end of step n+l =

¥ (S; (n+l)+B, (n+l) ) =

1

(§PjiAj(n+l) + Bi(n+l) ) =

JiSj(n)Rj + E Si(n)(l—Ri) =

e

I P,
3

Sj(n)Rj:Z';_Pji + i Si(n)(l—Ri) =

(W] (S o]

( Sj(n)Rj + Sj(n)(l—Rj) ) =
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z Sj(n) = total mass in the model after step n.
J

Subroutine AMODEL implements the sediment transport
model. A listing of AMODEL and its calling program ACOMP
is given in Appendix 3.

The initial conditions necessary to start the sediment
transport model are the probabilities of water transfer

(P..), the fraction of suspended sediment remaining suspended

ji
after any time step (Ri), the suspended sediment input from
outside the model (Ni), and the initial suspended sediment
distribution. We assumed the initial suspended sediment was
identically zero, and proceeded to find Pij’ Ni’ and Ri as
outlined below.

To find an initial approximation for Ri for a region i,
we calculated the total suspended sediment in region i from
turbidity data of the FWPCA (1968) and the amount of sediment
falling during a model time unit. The latter was determined
from observed time averaged sedimentation rates. Dividing the
fallen sediment by the total suspended sediment yields l—Ri.
R; was usually in the range of 10% to 1072, wNote that this
Ri accounts for both sedimentation and resuspension because
it is based on time-averaged sediment accumulation.

Pij depends on the horizontal velocities of water in
region i, and these velocities in turn depend on the wind
speed and direction. Dale Borowiak (personal communication)
found that the wind velocity and direction over Lake Erie

throughout could be represented by five significantly

different velocities and directions as shown in Table 5.
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Table 5

Average Wind Velocities and Directions over Lake Erie

Time Period Direction* Velocity
miles/hour
February 13.75 5.147
March 13.75 3.460
April-September 38.75 2.484
October 38.75 5.147
November-January 38.75 6.123

*in degrees measured counterclockwise from the negative
x-axis (west).
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Programs written by Y. P. Sheng of Case Western Reserve
University, and the Water Experiment Station of the Army Corps
of Engineers (Durham and Butler, 1976) were used to find the
horizontal water velocities produced by the above wind con-
ditions at depth of 0, 5, 10, 20, 40, and 60 feet at each grid
point in the lake. Since the lake is ice covered during part
of the year it was necessary to modify some of the velocities
calculated by these programs by substituting the river-only
velocities in the regions covered by ice. For this purpose,
an ice cover model was derived from the maps of Rondy (1969).
This model tells approximately which of the sediment regions
used in the mercury model are covered by ice during a given
month. Ice cover was assumed for regions 1-14 during January,
regions 1-29 during February and regions 30-34 during March.

The velocities altered by ice cover were stored on tape
and used to compute Pij by first linearly interpolating the
velocities over depth, and then integrating these velocities
over depth for a model time unit. The subprogram PROB was
used to do this integration, and is included with its calling
program ZBMD in Appendix 3. Since six different wind direc-
tions were used to simulate a typical year, six sets of Pij
were computed.

Sediment input from outside the lake (Ni) was estimated
from the sediment budget of Kemp et al. (1977) and Carter
(1977). Sediment input to the model was assumed to be
uniform with respect to time. We ran the sediment transport
model for 3000 iterations (for each of the six wind conditions)

which, at 2.5 hours per iteration, is about 312 days. At the
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end of this time, the total difference in suspended sediment
between 60 iterations was less than 0.0006 percent. Correla-
tion coefficients between sedimentation rates predicted by
the model and average observed rates (Table 6) calculated by
the method of Wolery and Walters (1974) or reported by Kemp
et al. (1977) were 0.472 for the entire lake, 0.475 for the
Western Basin, and 0.427 for the Central Basin. Maps of
suspended sediment indicated that the model had not yet
arrived at a realistic suspended sediment distribution.
Because of this, we used the program ZCON, which altered
both the suspended sediment distribution and the Ri' to
obtain a better suspended sediment distribution; a listing
of ZCON is included in Appendix 3. After this adjustment,
correlations between observed and predicted sedimentation
rates were 0.751 for the entire lake, 0.645 for the Western
Basin; and 0.960 for the Central Basin. Seven sediment areas
showed significant differences between the observed sedi-
mentation rate and the calculated sedimentation rate (Table
6). The calculated sedimentation rates for areas 6, 7, 11,
12, and 13 in the Western Basin were up to an order of
magnitude low. This suggests that greater sedimentation is
occurring in this region because either the bottom currents
at the sediment water interface are not as high as predicted
or more likely, a significant bed load is being transported
by the bottom currents and is deposited in this region.

This bed load or traction load is not necessarily being
transported in the same direction as the suspended load upon

which the model calculations are based. Calculations of the
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Table 6

Average sedimentation rates for the
34 sediment areas in Lake Erie

Western Basin Central Basin Eastern Basin
Area Observed Calculated Area Observed Calculated Area Observed Calculated
g/cmz/yr g/cmz/yr g/cmz/yr g/ cmz/yr g/cmz/yr g/cmz/yr
1 0.945 0.952 22 0.756 0.835 34 0.289 0.289
2 0.457 0.439 23 0.245 0.453
3 0.573 0.570 24 0.164 0.174
4 0.756 0.749 25 0.074 0.072
5 0.150 0.150 26 0.287 0.268
6 0.543 0.271 27 0.139 0.130
7 0.404 0.060 28 0.087 0.177
8 0.625 0.621 29 0.051 0.061
9 0.923 0.943 30 0.023 0.022
10 0.527 0.525 31 0.179 0.183
11 0.773 0.094 32 0.235 0.240
12 0.666 0.048 33 0.151 0.163
13 0.390 0.044
14 0.349 0.350
15 0.549 0.552
16 0.430 0.427
17 0.393 0.391
18 0.522 0.520
19 0.407 0.407
20 0.464 0.463
21 0.075 0.076



sedimentation rates in areas 23 and 28 (Table 6) are high

by about a factor of 2. These areas are both in the center
of the basin and are isolated from the shore by other sedi-
ment areas. Thus these two differences may suggest that

too much sediment transport from the shore to the center of
the Central Basin is being predicted. We used the resulting
suspended sediment distribution and water transfer probabilities
to determine the time~averaged transfer rate of sediment
from any of the mercury model regions to those adjacent to it.
Program TRANX performed this calculation; a listing of TRANX
is included in Appendix 3.

Sedimentation and Suspended Sediment Concentration

Two areas of high sediment accumulation were observed in
Lake Erie. Figure 9 shows that very high sedimentation occurs
along the west shore of Lake Erie (areas 1, 2, 3, 8, 9, and
10). This sediment is derived from both the Detroit River
and the Maumee River. In addition high sedimentation occurs
along the south shore of Lake Erie and in the Eastern Basin
(areas 22, 26, 27, 31, 32, and 34). Most of this sediment is
derived from shore erosion. The material eroded along the
Canadian shore is transported to the Eastern Basin to be
deposited off Long Point. The material eroded along the
United States shore tends to be swept further off shore
and deposited near the point of erosion as well as being
transported in a general north-easterly direction to be
deposited in the Eastern Basin.

Figure 10 shows the suspended sediment concentration

calculated by our model. The general levels of suspended
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sediment are similar to those reported by FWPCA (1968)

for western and central Lake Erie. The concentration
contours also correlate well with the numerous Landstat
photos that are available. Przywara (1977, p.152) noted a
correlation between the observed sedimentation and the
suspended sediment distribution shown in the Satellite
photos of western Lake Erie.

Sediment Transport from Shore
Erosion and River Sources

After establishing a reasonable estimate of the fallout
ratio Ri for the sediment transport model (AMODEL), the
input conditions were altered to isolate each sediment source
that makes a significant input to Lake Erie. This isolation
was possible because the sediment input is separate from the
water input to the hydrodynamic model of Durham and Butler
(1976). All water inputs were maintained at their normal
levels. The sediment inputs were set to zero except for the
source under investigation. Thus we have used AMODEL to
calculate the sedimentation and suspended sediment transport
from the Detroit, Maumee, and Cuyahoga Rivers and due to shore
erosion. In addition the model was used to measure the
velocity of sediment transport from three point sources of
shore erosion.

Figures 11 and 12 show the total sediment accumulation
(1939-1970) due to input from the Detroit River and the
suspended sediment derived from that source. Most of the
sedimentation (fig. 11) and suspended sediment (fig. 12) is

concentrated about the mouth of the Detroit River. However,
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Figure 12.

suspended sediment concentration derived from the Detroit River
(kg/m2 X 106).



two important features of the sediment distribution are
predicted by the model. First, the polluted Detroit River
sediment does not enter Maumee Bay as long as the conditions
of the steady state hydrodynamic model of Durham and Butler
(1976) are maintained, namely that we have a constant wind
direction and velocity and a positive flow out of the Maumee
River. In actuality these assumptions may not always be
valid. In any case, the influence of the Detroit River water
and sediment in Maumee Bay and along the Ohio shore of the
Western Basin is minimal. Secondly, some suspended sediment
(fig. 12) from the Detroit River does enter the Central
Basin primarily wvia the Pelee Passage to be deposited east
of Pelee Point along the Canadian shore. This prediction
agrees with the mercury distribution in "quartz free" Lake
Erie sediments measured by Thomas et al. (1976) who concluded
that mercury polluted sediments are being transported
through the Pelee Passage into the Central Basin of Lake
Erie.

We predict that the sediment input by the Maumee River
(figs. 13 and 14) does not encroach on the area just south of the
mouth of the Detroit River, which contains highly polluted
sediments (Kovacik and Walters, 1973; Wilson, 1978 and
Thomas, 1976). The strong water flow of the Detroit River
keeps the Maumee River water mass south of this area. In
addition, very little sediment input by the Maumee River is
transported (fig. 14) to the Central Basin.

The Cuyahoga River has a major influence on the sedi-

ment quality of the Central Basin. Walters et al. (1974)
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found highly polluted sediments in Cleveland Harbor. These
sediments are also carried into central Lake Erie by the
Cuyahoga River. Once they are in the lake proper, they are
affected by the strong longshore currents in the Central
Basin. These currents move the suspended sediment (fig. 15)
in a fan shaped plume northeastward along the Ohio and
Pennsylvania shore. The deposition of these polluted sedi-~
ments (fig. 16) is essentially all in the United States

side of the lake and extends past Ashtabula, Ohio to a point
24 miles southwest of Erie, Pennsylvania.

Kemp et al. (1977) estimated that 53% of the sediment
input to Lake Erie was from shore erosion. Figure 17 shows
that the sediment accumulation from shore erosion is comparable
to that supplied by the Detroit and Maumee Rivers in the
Western Basin and far exceeds the river sources in the Central
and Eastern Basins. Sediment accumulation from shore erosion
is uniformly heavy in the Western Basin, but decreases in
amount going away from shore in the Central and Eastern
Basins. The sediment supplied from shore erosion acts as
a diluent for the polluted sediment from the river sources.
Walters and Herdendorf (1975) and Kemp et al. (1975) observed
background levels of 0.045 ppm Hg, 17.1 ppm Cr, and 31.9 ppm Ni
for the non polluted sediment supplied to Sandusky Bay and
the north shore of Lake Erie.

The rate of longshore transport was investigated using
four point sources of shoreline and calculating the suspended
and fallen sediment distributions after 10 days and averaging

for the six wind conditions. These point sources are indicated
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by numbered arrows in Figure 17. The location of center
of gravity of fallen sediment about the four sediment
distributions were used as a measure of the longshore
sediment transport rate. These results are shown in Table
7. The greatest longshore current velocity (1.9 cm/sec)
was observed at point three along the south shore of Lake
Erie. All of the longshore currents for these four point
sources in the central basin were in a northeasterly
direction.

MODEL OF MERCURY TRANSFER AND
TRANSPORT IN LAKE ERIE

Jernelov and Asell (1975) developed a model for mercury
transfer in a 6 km2 lake with a mean depth of 5m. Their
expressions for the transfer rates between sediment, water,
and biomass will serve as the basis for this study. The
flow pathways of mercury in the Lake Erie model are shown
in Figure 18. The following crucial factors were not in-
cluded in the Jernelov and Asell (1975) model: 1) active
sedimentation and the resulting effect of burial, and 2)
transport of mercury loaded sediment by bottom currents
(e.g. resuspension of bottom sediment due to storm action).
Due to the effects of bio-turbation, methylation, re-
suspension, and sedimentation, the active sediment offers
the greatest potential for variability in mercury con-
centration. This sediment also contains the largest fraction
of mercury in the total system (Walters et al., 1974a).

The mathematical model of mercury transfer and transport

(Program HGTRANS, Appendix 3) is defined by the following
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Table 7

Longshore Sediment Transport

Point Coordinates Model Center of Gravity  Velocity
Source X v Index X v cm/sec
1 32 6 2205 32.2996 5.97286 0.56
2 50 30 241 50.2376 30.3687 0.82
3 63 4 2411 64.0211 3.97841 1.90
4 69 29 324 69.3697 28.7646 0.81
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74 simultaneous differential equations. These equations are
linear algebraic functions of the transfer rates TR(I,J,K)
of mercury from level I to level J for sediment area K
and the transport rates TP(I,K,M) or TP(I,L,M)
for mercury in level I from area K or L to area
M which must be contiguous. These transfer and transport
rates are identified in Figure 18, and the sediment areas
are jidentified in Figure 1.
dHg(l,L) = TR(5,1,L) + TR(2,1,L) - I TR(1,3,K)
dat k

for L = 1,2,3 and

all XK =1,2,...,34 within

water area L (11)
ngéz,L) = TR(5,2,L) + i TR(3,2,K) - TR(2,1,L) -

L TR(2,3,K)
k

for L = 1,2,3 and all

K=1,2,...,34 within

water area L (12)
dt

+ TR(1,3,K) + £ TP(3,M,K) - I TP(3,K,M)
M M

for X =1,2,...,34 and
areas M contiguous to

area K (13)
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dHg (4 ,K) TR(3,4,K)
dt
for X =1,2,...,34 (14)
dHg(5,L) = 0 (assumed)
dt
The transfer rates in equations (11-14) are defined where
possible by using the relationships proposed by Jernelov and

Asell (1975). These transfer rates are functions of the

following variables and constants:

A(K) = Area of segment K in m2.

DOB(L) = f(x,y) = Dissolved oxygen concentration in the

bottom waters (Beeton, 1969) in

goz/gHZO.
DOSM(L) = f(x,y) = Dissolved oxygen concentration in
surface and mid waters in g02/gH20.

ZC = 0.04 m = the critical depth of active sediment.

CHG(K) = C4 X QSED = the dimensionless concentration

2

of Hg+ in the active layer of

sediment in region K.

QF (L) = the standing crop of fish in Kilocalories.
Fishing records in FWPCA (1968) were used
to estimate QF as follows:

QF (1) = 1.8030E13 Kcal, QF(2) = 8.2472E1l3

Kcal, and QF(3) = 2.6296E13 Kcal.
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QB (L) = the standing crop of benthos in the lake
in Kilocalories. QB was estimated using the
data of Alley and Powers (1970), and the

specific energy content of benthos as follows:

QB (1) 1.2111E10, QB(2) = 5.5398El0, and

OB (3)

]

1.7664E10. All of these numbers are
based on the estimates of 4.63 g/m2 of benthos
and the specific energy content of 700 Kcal/Kg

(Alley and Powers, 1970).

W(L) = the volume of water in lake region L. Although
a time dependent model of lake levels was
developed using Fourier Series, this was
simplified to a constant in order to shorten

the computations.

RAEEF = .15 = the ratio between assimilation efficiency
of methylmercury and energy for fish.

RAEEB = .6 = the ratio between assimilation efficiency
of methylmercury and energy for benthos.

AEWF = .75 = assimilation efficiency of methylmercury
from water for fish.

AEWB = .5 = assimilation efficiency of methylmercury

from water for benthos.

FMEHG = 1 = fraction of methylmercury produced as

monomethylmercury.

- 54 -



AEOWF = .75 = assimilation efficiency of oxygen from

water for fish.

AEOWB = .5 = assimilation efficiency of oxygen from

water for benthos.
F(K) = fraction of sediment in area L treated as area K.

CoX = .2 gOz/Kcal = specific oxygen consumption of fish

and benthos.

QMETH = .3 to 1 = order of methylation reaction in

sediments.
QEF = 1000 Kcal/Kg = specific energy content of fish.
QEB = 700 Kcal/Kg = specific energy content of benthos.
QESED = 100 Kcal/Kg = specific energy content of sediment.

BAHG = .3 to 1 = biochemical availability of inorganic

mercury .

9 1

~KMETH ,oar™ = constant

GAMMA = 63 x 10 ° (gHg/gsed)

relating methylation rate to microbial activity.

_RMBF . 346 yea\r"l = rate constant for metabolic break-

down of methylmercury in fish.

RMBB 1.15 year_l = rate constant for metabolic break-

down of methylmercury in benthos.
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RRSED = 11.5 year_l = rate constant for release of

methylmercury from sediment.

DENS = 1100 Kg/m3 = density of sediment.

QRESF (L) = (936+l9700)x105xArea Kcal/yr = energy lost
6
by fish in respiration.
QRESB(L) = 113x108xArea Kcal/yr = energy lost by
6
benthos in respiration.
QASSF (L) = (125+2370)x106xArea/6 Kcal/yr = energy
assimilated by fish.
QASSB (L) = 203x108xArea/6 Kcal/yr = energy assimilated
by benthos.
ODF (L) = (3l2+2810)x105xArea/6 Kcal/yr = energy lost
by natural death of fish.
QDB(L) = 657x107xArea/6 Kcal/yr = energy lost by natural

death of benthos.

The following values were determined for QRESF (L), QRESB(L),
QASSF (L), QASSB(L), QODF (L), and QDB(L).

(All are in Kcal/year)

REGION 1 2 3

QRESF 1.28518E12 5.87988E11l 1.87444E12
QRESB 7.03745E12 3.21918E13 1.02642E13
QASSF 1.55384E12 7.10784E13 2.26629E12
QASSB 1.26425E13 5.78313E13 1.84392E13
QDF 1.94433E11 8.89406E11 2.83582E11
QDB 4.09169E12 1.87168E13 5.96775E12
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SIGMA(K) = the sedimentation rate in meter/yr in
region K. Sediment density was used to

convert the values in Table 6 to m/year.

CDMETH was assumed to be zero in this model since it
is known to be very small, but no accurate estimate of it
could be found.

DOSM and DOB, dissolved oxygen in surface and mid-waters,
and dissolved oxygen in bottom waters respectively, were
calculated from a model provided by Dale Borowiak, and the

numbers derived from it are given below:

MONTH DOSM DOB

JANUARY 1.42984E-05 1.32896E-05
FEBRUARY 1.48671E-05 1.38583E-05
MARCH 1.45760E-05 1.35672E-05
APRIL 1.34758E-05 1.24670E-05
MAY 1.18542E-05 1.08454E-05
JUNE 1.01628E-05 9.15398E-06
JULY 8.33269E-06 7.86246E-06
AUGUST 8.33269E-06 7.32386E-06
SEPTEMBER 8.71189E-06 7.70306E-06
OCTOBER 9.89445E-06 8.88562E-06
NOVEMBER 1.15469E-05 1.05381E-05
DECEMBER 1.31934E-05 1.21846E-05

DOSM and DOB were found to be independent of lake region.

The following expressions define the transfer rates
between levels which are used in equations (11-15). These

expressions are either taken from Jernelov and Asell (1975)
or are formulated to be consistent with the criterion listed

previously.

TRANSU(M,K,IM) = the rate of sediment transport from

region M to region K in month IM.

- 57 -



WTRSU (L,M,IM) = the amount of water transferred

from region L to region M in month IM.

Cl(L) = the concentration of mercury in fish.
C2(L) = the concentration of mercury in benthos.
C3(K) = the concentration of mercury in the active

sediment.

Variables used for the transfer rates

Cl(L) = HG(1l,L)/QF (L) for L. =1,2,3 (15)
C2 (L) = HG(2,L)/QB(L) for L =1,2,3 (16)
C3(K) = HG(3,K)/(A(K)*Zc DENS QESED)

for XK = 1,2,...,34 (17)
TR(1,3,K) = (QDF(L)+QASSF(L)*(1.~-RAEEF)) x Cl(L) x F(K)

for K= 1,2,...,34

and L = 1,2,3 corres-

ponding to K (18)
TR(2,1,L) = QASSB(L) x C2(L) x RAEEF

for L = 1,2,3 (19)
TR(2,3,K) = (QDB(L)+QASSB(L)* (1.~RAEEB) ) *C2 (L) *F (K)

for x =1,2,...,34

and L = 1,2,3, corres-

ponding to K (20)
TR(3,2,K) = QASSB(L) x C3(K) x RAEEB x F(K)

for K=1,2,...,34

and L = 1,2,3 corres-

ponding to K (21)
TR(3,4,K) = HG(3,K) x SIGMA(K)/Zc

for K =1,2,...,34 (22)
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TP(3,M,K) = HG(3,K)*TRANSV(M,K,IM) (Zc x A(K) x DENS)
for K =1,2,...,34
and M contiguous

to K (23)

It was assumed that at the beginning of the model, all
sediment regions contained the usual background level of
mercury (0.03 ppm).

Mercury input to the lake was taken from Walters and
Wolery (1974), and a report by the Federal Water Quality
Administration (1970). On the basis of the information from
these sources, the following model for mercury input was
chosen: Input to sediment region 9 is taken to be 102.1 Kg
per month from January 1938 to January 1958, and 204.1 Xg
per month for the rest of the model. This accounts for the
input from Wyandott, Michigan. Input to the sediment of
region 32 (from Detrex, Ashtabula) was taken to be 344.7 Kg
per month from January 1963 to May 1970. Input to region 21
(the Sandusky Bay) is assumed to be 1.0057E-02 from January
1941 to the end of the model run. The concentration of
mercury in the water was assumed to be constant, which is
justified by the work of Chau and Saitoh (1973) and our
own data that show that essentially all mercury in the water
is associated with particulate material. Therefore, the
mercury input was in terms of the sediment of areas 1-34.

The model was greatly simplified by eliminating the
water as a variable and eliminating distinction between

2+

methylmercury and Hg in the sediments. Thus the original
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111 differential equations were decreased to 74.

Three model runs were attempted. In the first, the
model time unit was chosen to correspond to 0.02 days in the
hope that mass gain could be prevented. (Mass gain occurs
in the model when a large negative derivative for one of the
74 variables causes a negative mass. The FCT subroutine
used in the model is programmed to set to zero any negative
mass so that the model virtually gains mass in this case.)
Equal error weights were used, and the total error bound was
chosen to be 100 Kg=-=-about 2.8% of the total mass in the
model when it starts. When the model was run with these
parameters, RKGS changed the time step to about 2.60403E-06,
which at .103985 seconds per step would require 11.09 hours
of CPU time to run through one model month. At this rate,
it would take 449 days for the total model to run.

For the second model run, a time step of 2.8571E-~03 was
tried with a total error bound of 3E+03. It was hoped that
with these parameters the total model could be completed
within ten hours of CPU time. This run used 4000 seconds of
computer time without completing a single month of the model.
Loss of mass for this run was probably high, but was not
output.

Before the third run, it was determined that most of
the change in Y occured in Y (41l) to Y(74). Because of this,
the error weighting was changed to allot these variables
only one tenth of the weight of the rest of the model
variables. The total error bound was fixed at 1E05 (which

is very high), and the time interval was the same as the
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last run-- 2.8571E-03. When the model was run this last
time, RKGS changed the model time step to about 2.79E-06,
and even at this step size mass gain was of the order of
104 for each step. At this rate, it would take 419 days
of CPU time for the model to run, and the result would not
make sense because of mass gained.

In summary, the machine at BGSU is too slow to run the

mercury model without sacrificing a great degree of accuracy.
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APPENDIX 1

SAMPLE LOCATIONS

A m e e W e S ST e SR SR AR T G e S N R e W W i S S G G A e e M R A . . A G WA M e W A A R R e e A S G

CRUISE STATION LATITUDE LONGITUDE LOCATION DATE
1 1 41 00 (0 283 1% 00 WESTERN LAKE ERIE 7/23/71
1 12 L1 €00 00 R3 28 80 WESTERN LAKE ERIE 7/23/71
i 2 41 €9 €O 83 05 (0 WESTERYN TRKE ERTE 7/22/71
1 23 47 ©C CO 83 02 30 WESTERN LAKE ERIE 7/22/71
1 3 41 00 00 82 70 00 WESTEPN LAKE ERIE 7/22/71
1 4 41 €00 02 82 45 (02 WESTERN L2KE ERI® T7/27/71
1 = 41 00 €0 82 40 0C WESTERN LAKE EBRIE 7T/27/71
1 6 41 00 0C 82 35 CQ WFSTERN LAKE ERIF 7/27/71
1 7 41 56 00 82 3¢ 00 CENTRAL LAKE ERIE 7/28/71
1 8 41 55 ©C 8z 35 00 WESTERN LAKE EPIE 7/27/71
1 S 59 55 €N &2 4¢ 00 WESTEREN LAKE ERIE 7/27/71
1 10 41 55 30 82 45 24 ¥WESTERN LAKE ERIE 7/27/71
1 11 41 55 00 82 5C 0O WESTERN LAKE ERTE 7/19/71
1 12 41 55 CO 82 55 0C WFSTERN LRAKT EBERIE 7/19/71
1 13 41 55 GO 83 M) Q¢ WESTERN TAKE ERIE 7/22/71
1 14 47 55 oc 82 05 00 WESTEEN LAKE ERTE 7/22/71
1 15 41 =5 €O 83 1€ 00 WESTERN LAKE ERIE 7T/22/71
] 16 41 55 ¢¢C 83 15 00 WESTERN LAKE ERIE 7/23/71
1 17 41 55 18 83 18 54 WESTERN LAKE ERIE 7/23/71
1 16 41 50 0% §3 20 00 WEZSTERN LAKE ERIEF 7/23/71
1 15 41 50 00 83 15 00 WESTERN LAKE BRIE 7/23/71
1 20 41 50 12 83 10 06 WESTERN LAKE ERZIE 7/22/71
1 21 41 50 00 83 €5 00 WESTERN LAKE EFIE 7/22/71
1 22 1 50 00 g3 ¢C oc¢ WESTERN LAKE ERIE® 7/22/71
1 22 41 5¢ 9C 82 55 00 WRSTERN LAKE ERIEZ 7/22/71
1 24 41 sC ¢C 82 50 0OC WESTERN LAKE ERIE 7/19/71
1 25 41 50 18 82 45 00 WESTERN LAKE ERTIE 7/27/71
1 26 41 50 €0 82 40 00 WESTERN LAKE ERIE 7/27/71
1 27 LY 49 48 82 35 00 CENTRAL LAKE ERIE 7/28/71
1 28 41 50 GO 82 30 00 CENTRAL LAKE ERIR 7/28/71
1 29 41 45 €0 82 30 C¢O CENTRAL LAKE ®BRIE 7/28/77
1 3¢ 41 44 48 82 35 2u CENTRAL LRAKE ERI® 7/28/71
1 21 41 45 00 B2 45 €0 WESTERN LAKE EPIE 7/27/71
1 32 41 45 CO 82 5C 42 HESTERN LAKE ZRIE 7T7/19/71
1 33 41 45 nC 82 t5 OC WESTE®N LAKE EPRPIE 7/22/71%
1 34 41 45 0C 83 0C¢ 00 WSSTERN LAKE ERIF 7/26/71
1 3E 41 45 0C 83 05 0C WESTEFN LAKE EFIE 7/26/71
1 36 41 45 Q0 83 10 CC WESTERN LAKE EPIE 7/26/71
1 37 41 45 00 83 13 286 WESTERN LAKE ERIE 7/26/71
1 38 41 45 00 83 2¢ CC WESTERN LAKE ERIE 7/26/71
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CRUISE STATICK LATITUDE
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83
82
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82
82
82
82
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LOCATION

WESTERN
WZSTERN
WESTEEN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTEEN
CENTRAL
CRWNTRAL
CENTRAL
CENTRAL
CENTRAL
WESTERR
WESTEPRN
WESTERN
RESTEPN

LAXE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LaK=®
LAKE
LAKE
LAKE
LAKE
TAKE
LARKE
LAKE
LAKZT

SANDUSKY BAY

CENTRAL
CEFNTRAL
CENTRAL
CENTRAL
CENTRAL
DETIROIT
DETROIT
DETROIT
DETROIT
MAUMEE

WESTERN
WESTERN
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WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
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9/ 6/72
9/ 7/72
9/ 1772
9/ /72
9/ 8/72
S/ 7772
9/ T/72
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CENTRAL
CENTRAL
CENTRAL
CENTRAL

LAKE
LAKE
LAKE
LAKE

ERIE
ERIE
ERIYE
ERIE

CLEVELAND HARBOR

CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
EASTERN
ERIE HAR
EASTERN
EASTERN
EASTERN
BUFFALO
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LAKE ERTE
LAKE ERIE
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08 0C
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10 54
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10 36
10 24
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09 12
08 54
07 12
06 48
10 00
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€0 00
00 00
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c4 00
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WESTERN
WESTERN

BAY
BAY
BAY
BRY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
RIVER
PIVER
RIVER
RIVER
RIVER
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE

ERIE
ERIE
ERTE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERTE
ERTIE
ERIE
ERIE

9/29/72
9,29 /72
9/29/72
9,29/72
9/29/72
$/29/72
9/29/72
9/29/72
9/29/72
9/29/72
9/29/72
9/29/72
9/29/72
9/29/72
9/29/72

10/19/72
10/19 /72

10/19/72

10/19 /72

10/19/72
10/19/72

10/719/72
10/19 /72

10/19/72
10/19/72

10/19/72
10/19,/72

10/19/72
10/19 /72

10/19/72
10/19 /72

10/20/72
10,20 /72

10720 /72

10/20/72

16/20/72
10,20 /72

10720772
10,20 /72

10/26/72
10/20 /72

10/20/72
10/20/72

10/20/72
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30
31
32
33
34
3%
36
37
38
39
40
u1
42
43
4y
45
46
47
48
49
5C
51
52
€3
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
€9
70
71
72
73

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
i1
41
41
41
41
41
41
41
41
41
41
41
41
81
41
41
41
41
41
41
41
41

59
57
57
57
57
57
57
57
57
55
55
55
55
53
43
42
42
43
43
45
45
45
4y
44
42
40
37
85
47
87
49
49
us
51
53

[

-~

55
55
55
53
53
53
53
51

LONGITUDE

14 00
14 00
12 00
10 00
08 00
06 00
04 00
02 00
o 00
02 00
04 00
06 00
08 00
08 00
22 00
22 0C
24 00
24 00
20 00
20 00
22 00
24 00
25 00
26 00
27 00
29 48
32 30
18 00
18 00
16 00
16 00
14 00
12 00
12 00
12 00
12 00
14 00
16 00
18 00
18 00
20 00
16 0C
14 00
14 00
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LocC

WHESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
HESTERN
WESTERN
MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

MAUMEE

WESTERN
WESTERN
WESTERN
WESTERN
HESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN

ATION

LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LARKE
LAKE
LAKE
LAKE
BAY
BAY
BRAY
BAY
BAY
BAY
BAY
BAY
BAY
BAY
RIVER
RIVER
RIVER
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE

ERIE
ERIE
ERIE
ERIE
ERTIE
ERTE
ERIZ
ERIE
ERTE
ERTE
EPIE
ERIE
ERIE
ERIE
ERIE
ERTIFE
ERIE

10/20/72
10/26 /72
10/20/72
10/20/72
10,/20/72
10/20 /72
10/20/72
10/20/72
10/20 /72
10/20 /72
10/20/72
10/20 /72
10/20/72
10720 /72
16/21/72
10/21/72
10/21/72
10/21/72
10/21/72
10/21/72
10/21/72
10/21/72
10/21/72
10721772
10/21/72
10/21/72
10/21/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10722772
10/22/72
10722772
10/22/72
10/22/72
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41
41
41
41
41
41
41
41
41
41
41
41
41
2
42
42
42
42
42
u2
42
42
42
41
41
41
41
42
42
42
42
42
41
41
41
41
41
42
41
41
41
41
41
41

{CONTINUED)
LONGITUDE LOCATION
83 16 00 WESTERN LAKE
83 18 00 WESTERN LAKE
83 20 00 WESTERN LAKE
83 22 00 HESTERN LAKE
83 24 ¢¢C WESTERN LAKE
83 26 00 WESTERN LARE
83 24 00 WESTERN LAKE
83 22 00 WESTERN LAKE
83 22 00 WESTERN LAKE
83 20 00 WESTERN LAKE
83 18 00 WESTERN LAKE
83 20 00 WESTERN LAKE
83 26 00 MAUMEE BAY
80 27 06 CENTRAL LAKE
80 29 o0¢ CENTRAL LAKE
80 33 36 CENTRAL LRAKE
80 38 12 CENTRBAL LAKE
80 45 30 CENTRAL LAKE
81 01 0OC CENTRAL LAKE
81 17 54 CENTRAL LAKE
81 12 18 CENTRAL LAKE
81 06 24 CENTRAL LAKE
81 00 42 CENTRAL LAKE
80 55 00 CENTRAL LAKE
81 08 54 CENTRAL LAKE
81 23 00 CENTRAL LAKE
81 28 42 CENTRAL LAKE
81 34 30 CENTRAL LAKE
81 40 18 CENTRAL LAKE
81 42 24 CENTRAL LAKE
81 55 18 CENTRAL LAKE
82 08 24 CENTRAL LAKE
82 02 30 CENTRAL LAKF
81 56 42 CENTRAL LAKE
81 42 30 CENTRAL LAKE
81 53 us8 CENTRAL LAKE
82 05 12 CENTRAL LAKE
82 21 54 CENTRAL LAKE
82 24 30 CENTRAL LAKE
82 30 06 CENTRAL LAKE
82 24 12 CENTRAL LAKE
82 27 12 CENTRAL LAKE
82 30 12 CENTRAL LAKE
82 38 06 CENTRAL LAKE
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ERTE
ERTE
ERIE
ERIE
ERIE
ERTE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE

ERTE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERTE
ERIE
ERIE
ERIE
ERTE
ERTE
ERTE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE

10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10/22/72
10,/22/72
10/22/72
10/22 /72
10/22/72
10/22/72
10/22/72
10,22 /72
10/22/73
10/22/73
10/22/73
10/23/73
10/23/73
10/23/73
10/23/73
10/23/73
10/21/73
10/21/73
16/21/73
10/21/73
10/21/73
10/21/73
10/21/73
10/24/73
10/24/73
10/24/73
10/24/73
10/24/73
10/19/73
10/19/73
10/19/73
10/19/73
10/264/73
10/24/73
10/16/73
10/18/73
10/14/73
16/14/73
10/14/73
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CR

B NNNNNNSN NN NN SN SN N A N SN SN N N N N S S S S s S ST N S N ST S SN S e

55
56
57
58
59
60
61
65
66
67
68
70
71
72
T4
78
78
79
80
81
82
83
84
88
86
a7
93
a4
95
96
97
98
99
100
101
102
103
104
105
106
107

41
41
41
41
41
41
51
41
41
41
11
41
42
41
41
41
41
41
41
41
41
81
11
41
41
41
1
41
41
41
41
41
41
41
41
41
61
41
41
41
81
42
42
42

4y
54
49
41
43
£3
56
39
58
40
45
46
18
57
40
54
53
45
42
37
32
27
45

30
35
42
4s
36
39
32
35
37
36
34
33
42
N
32
30
35
o4
ou
Ce6

18
42
54
06
36
30
us
09
00
0
o
00
00
48
oeC
0o
36
n2
30
30
30
30
co
co
00
Q0
30
18
24
12
48
30
30
06
30
18
30
06
48
36
¢0
48
u8
54

82
82
83
82
83
83
83
82
82
82
82
83
81
81
82
83
82
82
82
82
82
82
82
82
82
82
81
81
81
81
81
81
81
81
81

81
81
81
81
82
83
83
B3

44
50
01
6 00
09
11 u8
02
Uy
40
52 0C
51 00
20 00
22 18
11 00
35
18
37 60
32
32 30
32
32
27
25
20
20 00
15
31 12
34
33
36
38 30
471 36
44 30
u47
43
42
43
4y
47
47
10 00
10
08
10 42
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WESTERN
WESTERN
WESTERN
WESTEEN
WESTERN
WESTERN
WESTERN
WESTERW
WESTERN
WESTERN
WESTERN
WESTERN
CENTRAL
CENTRAL
CENTRAL
WESTERN
WESTERN
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRRL
CENTRAL
CENTERAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
DETROIT
DETROIT
DETROIT

LAKE
LAKE
LAKE
LRKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LRKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
RIVER
RTVER

ERIE
ERTIE
ERIE
EPIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERIE
ERPIE
EFTE
ERTIE
ERIE
ERIE
ERTE
ERTIE
ERTE
FRIE
ERIYE
ERIE
ERIE
ERTIE
ERIE
ERTE
ERIE
ERXE
ERTE
ERIE
ERIE
ERIE
ERTIE
ERTE
ERTE
ERTIE
ERTE
ERTIE
ERIE
ERIE
ERTE
ERIE

RIVER

10/14/73
10/16/73
10/15/73
10/15/73
10/15/73
10/15/73
10/15/73
10/16/73
10/16/73
10/14/73
10/14/73
10/15/73
10/23/73
10/21/73
10/14/73
10/15/73
10,/12/73
10/12/73
10/12/73
10/12/73
10/13/73
10/13/73
10/12/73
10/12/73
10/13/73
10/12/73
10,20 /73
10/20/73
10/20/73
10/20/73
10/20/73
10720773
10/20/73
10/20/73
10/20/73
10/20/73
10,20 /73
10/20/73
10720 /73
10/20 /73
10/12/73
6/11/76
6/11/76
6/11/76
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42
42
42
42
42
42
2

42
42
43
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
4?2
42
42
42
42
42
42
42

(CONTINUED)
LONGITUDE LOCATION
82 34 0O LAKE ST. CLAIR
82 30 30 LAKE ST. CLAIR
82 40 12 LAKE ST. CLAIR
82 45 48 LAKE ST. CLAIR
82 51 45 LAKE ST. CLATR
82 51 45 LAKE ST. CLAIR
82 40 00 LAKE ST. CLAIR
82 42 57 LAKE ST. CLAIR
82 48 47 LAKE ST. CLAIR
82 42 51 LAKE ST. CLAIR
82 25 18 ST. CLAIR RIVER
82 26 48 ST. CLAIR RIVER
82 27 u8 ST. CLAIR RIVEP
82 28 45 ST. CLATR RIVER
82 28 45 ST. CLAIR RIVER
82 35 06 ST. CLAIR RIVER
79 16 18 EASTERN LAKE ERIE
79 24 €0 FASTERN LAKE ERIE
79 28 u2 EASTERN LAKE ERIE
79 37 00 EASTERN LAKE ERIE
79 41 30 EASTERN LAKE ERIE
79 33 30 EASTERN LAKE ERIE
79 47 30 EASTERN LAKE ERIE
80 00 48 EASTERN LAKE ERIE
79 56 00 EASTERN LAKE ERTIE
79 =3 36 EASTERN LAKE ERTE
79 45 30 EASTERN LAKE ERIE
80 00 00 EASTERN LAKE ERIE
80 04 48 EASTERN LAKE ERIE
80 09 12 EASTERN LAKE ERTE
80 18 18 EASTERN LAKE ERIE
80 12 u8 EASTERN LAKE ERIE
80 07 42 EASTERN LAKE FRIE
79 48 00 FASTERN LAKE ERIE
80 03 00 FASTERN LAKE ERTE
80 08 00 EASTERN LAKE EPIE
80 27 06 CENTRAL LAKE ERIE
80 29 00 CENTRAL LAKE ERIE
80 33 36 CENTRAL LAKE ERIE
80 38 12 CENTRAL LAKE ERIE
80 45 30 CENTRAL LAKE ERIE
81 01 00 CENTRAL LAKE ERIE
81 17 54 CENTRAL LAKE ERTIE
81 12 18 CENTRAL LAKE EPTE
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6/12/76
6712776
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/12/76
6/712/76
1/17/76
1717776
1/16/76
1/16/76
7/16/76
7/16/76
1/16/76
1716/76
7/15/76
1/15/76
7/15/76
1/14/76
7/14/76
1/714/76
7/14/76
7/14/76
1/14/76
7/15/76
7/14 /76
1/15/76
9/12/76
9/12/76
9/12/76
9/12/76
9/12/76

10/26/76

9/12/76
9/13/76



APPENDIX 1 {(CONTINUED)

A D AD S P - . WD - T W S - - W S wn W G WS WY W P G A AR W M WS A GG A - -

M AR SR D W — D A W T G D G W T W e G G D A W G o e MEb Mee -

OO nN OO0 000NN a0 a0n0an

31
32
33
34
35
36

38
39
40
490
41
41
42
42
43
44
4s
u6
47
u7
48

49
43
50
€1
52
53
54
55
56
57
58
59
60
65
66
67
68
69
70
73
74

42 15 12
42 04 54
41 55 54
41 50 00

41 45 usg

41 56 06
42 C6 36
42 16 54
42 21 30
42 11 30
42 11 3¢
42 08 C6
42 08 C6
41 57 54
47 57 54
41 47 18

41 31 us8

41 36 24
41 40 54
41 50 18

41 20 18

42 02 48
42 02 48
41 55 S4
41 55 54
41 48 48
41 38 30
41 31 54
41 25 12
51 34 00
41 44 18
41 54 42
41 49 54
61 41 06
51 43 36
41 53 30
41 39 00
41 58 00
81 40 CO
51 45 00
41 33 00
41 46 00
41 58 40
41 40 00

81
81
80
81
81
81
81
81
81
81
81
82
82
82
82
81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
82
82
83
82
83
83
82
82
82
82
82
83
81
82

06
Cco
55
08
23
28
34
40
42
55
£5
08
08
D2
02
56
42
53
05
12
12
21
21
24
24
30
24
27
390
38
4y
50
01
56
09
1"

uo
52
51

20
45
35
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CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
CENTRAL
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
WESTERN
CENTRAL
CENTRAL

LBKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LARE
LAKE
LAKE
LAKE
LAKE
LRKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
L2KE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE

FRIE
ERIF
ERIE
ERIE
ERIE
ERIE
ERTE
ERIE
ERIE
EPTE
ERTE
ERIE
ERTE
ERIE
ERIE
ERIE

9/13/76
9/ 9/76
9/ 9/76
9/ 9/76
97 8776
9/ 8/76
9/13/76
9/13/76
9/13/76
9/13/76

10724776

9/14/76

10/24/76

8/21/76
9/ 8/76
9/14 /76
9/15/76
10/23/76
9/14/76
8/21/76
9/ 8/7€
9/14/76

10/724/76

9/14,/76

10/724/76

10/24/76

10723776

10/23/76

ERIE 10/23/76

ERIE
ERIE
ERIE
ERIE
ERIE
ERTE
ERIE
ERIE
ERIE
ERIE
ERIE
ERTE
ERIE
ERIE
ERIE

10/23/76

10/719/76

10/19/76

10/718/76

10/18/76

10/718/76

10/18/76

10723776

10/19/76

10/719/76

10/19/76

10/718/76

10/18/76
9/ 8/76
106/29/76
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75
76
78
79
81
82
CLH

£ wWp -

41
41
42
4?2
41

41
42
42
42
L2

18 00
o4 00
15 00
48 00
50 40

40 00
55 42
55 45
55 43.8
55 45
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WESTERN LAKE
WESTERN LAKE
CENTRAL LAKE
CENTRAL LAKE
CENTRAL LAKE
CENTRAL LAKE
CLEVELAND HAR
DETROIT RIVER
DETROIT RIVER
DETROIT RIVER
DETROIT RIVER

ERTIE
ERIE
ERIE
ERIE
ERTE
ERIE
BOR

10/18/76
10/18/76
9/ 8/76

9/ 9,76
10/18/76
10/23/76
10/23/76
11/14/76
11/14/76
11/14/76
11/14/76



APPENDIX 2

ARALYTICAL HESULTS

CRUISE STATION TINTERVAL HATRR HG CR NI
TOF EOTTOM % 244 PEN )34.1
CH cn
1 1 0.0 1.0 57 3.800 280.0 14¢.0
1 1 3.0 4.0 51 5.800 210.0 11C.0
1 1 9.0 10,0 L1 4.900 160.0 100.0
] 1 15.0 16.0 42 2.800 130.0Q 65.0
1 1 2.0 26.5 31 0.600 40.0 22.0
1 -k 0.0 2.0 43 0.970 57,0 78,0
1 1-2 5.0 6.0 L1 9.870 59.0 87.0
1 -1 1.0 11.0 45 0.980 63.0 86.0
1 1-a 19.0 20.0 o6 1.600 110.0 110.0
1 1-1 35.0 36.5 48 0.680 83.0 81.0
1 z 0.0 1.0 52 2.300 1o, 0 65.0
1 2 1.0 2.0 50 3.400 140.0 64,0
1 2 3.0 4.0 42 3.000 95.0 56.0
1 2 5.0 6.0 33 2. 200 100.0 42.0
1 2 8.5 9.5 40 2.100 200.0 89.0
1 2-2 0.0 1.0 28 0.52¢ 11.0 30.0
1 2=-3 1.0 2.0 21 0.300 8.2 c.0
t 2-3 2.0 3.0 21 0.170 6.0 2u.0
1 2-) 3.0 4.0 22 0.35n 12.0 25.0
1 2-) 5,0 6.5 24 0.320 14.0 40.0
1 2 o.Q 1.0 24 c.2ua0 55.0 25.¢
1 3 1.0 2.0 23 0.240 8.0 18,0
1 2 3.0 4,0 17 0.280 43.0 18,0
1 3 5.0 6.0 21 0. 210 50.0 21.0
1 3 8,0 9.0 25 0.590 64,0 30.0
1 4 C.0 2,0 <2 1.600 38.0 88.0
1 4 $.0 6.0 48 1. 100 33.0 76.0
1 4 0.0 1.0 42 0.720 27.0 1.0
i 4 19,0 2.0 3¢ 0.090 .0 48,0
1 4 39.0 40.0 25 0.054 12.0 46.0
1 4 $7.0 58,0 22 0,048 18.0 51.0
1 5 0.0 2.0 57 1.300 42.0 79,.C
1 < 5.0 6.0 56 1.400 40.90 73.0
1 ] 10,0 11,0 42 1.000 39.0 74,0
1 < 19.0 2.0 32 0.081 18.0 51.0
1 5 39.0 40.0 26 0.039 9.5 45,0
1 < 56.0 57.0 23 0.047 10.C 46.0
1 € 0.0 2.0 7 1.000 30.0 48,0
1 & 5.0 6,0 3 0,690 23.0 36.0
1 € 9.¢ 10.0 33 0.330 24.0 38.0
1 € 15.0 16.0 20 0.066 8.9 17.0
1 € 32.0 33.6 27 0.037 12.0 38.0C
1 7 0.0 1.0 22 0.130 66.0 61,0
1 7 1.0 2.0 18 C.160 46.0 48.0
1 € 0.0 2.0 (L] Q.480 4G.0 61.0
1 |3 5.0 6.0 34 0.120 17.0 59.0
1 8 15.0 16.0 29 0.083 13.0 45,0
1 € 22.5 23.5 30 0.0us 15.0 28.¢
1 B8 65,0 46.0 0 0.04y 19.0 37.0
1 € 0.0 2.0 59 1.300 60.0 71.0
1 S S.0 6.0 58 6.87¢ uy,0 58.0
1 9 10.0 1.0 56 0.750 49.0 67.0
1 S 19.0 20.0 41 0.068 26.0 39.0
1 9 42.0 43,7 32 0,120 17.0 36.0
1 1e 0.0 2.0 57 1.600 80.0 83,0
1 1C 2.0 4.0 <9 1.800 100.0 100.0
1 1C 3.0 10.0 50 1,100 60.0 88.0
1 10 22,0 23.0 34 0.170 21.0 61.0
1 1C u8.0 69,5 36 0.340 22.0 63.0
1 1 0.0 2.0 81 0.052 17.0 32.0
1 11 5.0 6. 0 39 ¢.073 17.0 34,C
1 11 15,0 16.0 33 0.053 19.0 40.C
1 1 26.0 27.2 n 0.058 16.0 33.0
1 11 55.0 56.5 32 0.037 16.0 34.0
1 12 0.0 2.0 36 0.088 15.0 0.0
1 12 5.0 6.0 38 0.08% 17.0 0.0
1 12 10.0 11.0 35 0,069 13.0 0.0
1 12 1.0 20.0 28 0.140 17.0 0.0
1 12 59.0 63.C 3 0.079 15.0 63.0
1 13 0.0 2.0 43 1.900 130.90 110.0
1 13 5.0 6.0 k) 0.120 16.0 42,0
1 13 2.0 1.0 28 0.0 11.0 . C
1 12 15.0 16.0 28 0.067 15.0 53,0
1 13 19.0 20.0% 29 0.044 17.0 48,0
1 13 29,0 40,0 26 0.0u5 17.0 62.0
1 13 57.0 $8.0 26 .03 7.2 42.0
1 14 0.0 2.0 51 2.000 160.0 T16.0
1 1& 2.0 4,0 37 0.870 150.0 56,0
1 14 4.0 6.0 23 0.170 5C. ¢ 28,0
1 14 6.0 8.0 6u 0.560 32.0 37.0
1 14 8.0 1.0 23 0.210 30.0 37.0
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ZRUISE STRTION THTERVAL WATER  HG CR NI CRUISE STATION TNTERVAL WATER  HR CR NI
TCF EBOTTOM % PPN PPM ppn TOP BOTTOM ] 331 j:3:4.1 j2:3.]
cH cH cH (4]
1 1u M0 12,0 17 0,130 57.C 15.0 1 3z 19.0 26.0 44 0.099 25.0 39.0
1 14 12,0 14,0 22 0.v90 39.0 33.0 1 33 39,0 40.0 1 0.691 18,0 39.0
1 T4 1.0 16,0 21 0,130 25.0 3€.0 1 13 56.0 57.0 35  0.063 20,0 4040
1 14 16.0 19.0 2% o.tun 95.0 37.¢C
1 34 6.0 2.0 k13 1.800 7.0 100.0
1 1c 0.0 1.0 59 4,100 300.0 120,0 1 34 5.0 6.0 s 0.380 60.0 72.0
1 15 1.0 2,0 53 2.70n 0.0 0.0 1 17,0 18,5 47 0.065 18.0 38.0
1 1< 4.6 5.0 51 0.0 170.0 100.0 1 3y 29,0 30,0 37 o.04r 23,0 4é.,0
1 15 6.0 7.0 KA 8,500 460.0 160.0 1 3y 37.0G  38.5 39 0.027 20.¢ U6.0
1 1€ 9.8 10.8 36 0.810 116.0 57.0
1 3¢ 0.C 2,0 58 1.800 ne.o 110.0
1 1€ 0.0 1.0 59 3.00¢C 130.0 110.0 1 3s 50 6.0 52 0,920 64,0 T4,0
1 16 3.0 4,C 54 3.600 21¢.0 93.0 1 3¢ 0.0 11.0 47 0.480 20,0 53.0
1 1€ 3.0 1.0 43 1.100 150.0 77.0 1 35 19.0 20.t uy 0.260 18.0 36.0
1 16 5.0 16.0 32 0.530 1in.¢ 68.C 1 as 52.0 83.0 kil €.082 21.0 37.C
1 1€ 27.0 2r.4 Rl 0.250 83.0 26.0
1 3¢ 0.0 1.0 48 1.000 28.0 42.9
1 18 0.0 1.0 sS4 1.3100 92.¢C 110,.0 1 36 1.0 2.0 37 0,570 26,0 2€.0
1 18 1.0 2.¢C 27 C. 600 49.0 58,0 1 e S.0 6.0 21 0,280 8.3 12.¢C
1 1€ 2.0 3.0 43 0.640 60.0 67.0 1 36 9,0 19," 20 0.150 I1.0 6.
1 18 3.0 4.0 33 0.350 31.0 46.0 1 3¢ 12.0 13.0 kL) 0.15n0 18C.¢ 30.0
1 bR 7.0 8.0 28 0.054 23.0 80,0
1 37 0,0 2.0 3 1.400 67.0 69.0
1 10 0.0 1.0 45 1.300 55.0 54.0 1 7 540 6.0 32 0.u50 46.0 59.0
1 19 1.C 2.0 3u 0.700 38,0 48,0 1 37 15.0 16,0 37 0.250 32.0 62.C
1 1€ 3.0 4.0 24 0.180 20.0 79.0 1 37 28.0 29.0 i1 0.110 22.0 4€.0
1 19 540 £€.0 24 0.110 0.0 23.¢C 1 kN 52,0 53.0 3y 0.073 33.90 64.0
1 1< 8.6 9.8 28 c.067 31.0 18,0
1 38 C.0 2.C 42 0.20C 21.0 37.0
1 2C 2.0 1.0 6 0.510 170.0 53.0 1 38 5.0 6.0 31 C.15C 23.0 88,0
1 2C 1.0 2.0 32 0.500 157.0 47.¢c 1 3 10.0 1.0 36 0.240 19.0 30,0
1 2C 2.0 3.0 21 0.140 12¢.0 26,0 1 38 15.0 16.0 34 0.230 28.0 40.C
1 2¢ 3.0 4.5 21 0,140 130.0 20.0 1 k13 22.0 30.7 2% 0.036 7.5 19.0
1 21 C.0 1.G 43 o.2un 23.0 39.0 1 2¢ c.C 1.0 37 0.1320 180.0 41.0
1 21 3.0 u,0 28 ¢.210 18.0 62.0 1 39 1.6 2.0 35 N,290 0.0 31.0
1 21 9.0 1.0 36 0.200 22.¢ 68,0 1 3¢ 5.0 6.0 28 0.220 9.8 32.0
1 21 28.0 29.0¢ 28 0.130 24.0 65.C 1 39 9.¢ 10.0 25 0.220 150.0 23.0
1 27 60,0 61,4 33 0.239% 17.0 59.0 1 3¢ 17.0 18,5 23 0.160 50.0 22.0
1 22 ¢.C 2.C u6 0.43¢C 36.0 70.C 1 40 0,0 1.0 29 c.035 15,0 4E,C
1 2z 5.0 6.C 43 0,420 25.0 64 .0 1 LY 1.0 2.0 29 ¢.028 0.0 49.0
] 22 9.0 10.n 4y 0.390 29.0 73.0 1 4C 2.0 3.0 25 0.022 190.0 52.0
1 2z 15.0 16,0 47 0,200 25,0 64,0 1 4¢ 3.0 4.0 206 0.006 25.0 48.0
1 22 19.0 2C.0 37 g. 110 20.0 57-0 1 4c 6.0 7.5 32 0.029 27.0 62.0
1 Zz €9.0 60.0 33 0.055 22.0 64,0
1 u3 [ ] 2.0 62 1.800 mno.o 11C.0
1 23 ¢.C 2,0 62 0,120 17.0 0,0 1 43 50 6.0 50 €.500 67.0 85.0
1 23 5.0 6.0 u2 0.065 20.0 62.0 1 43 10,0 11,0 52 0.330 31.0 S54.0
1 23 3., 10,0 39 Q.069 12.¢C o.¢ 1 43 15,6 16,0 41 0,140 i8.0 36.0
1 23 15.0 16.0 36 0.052 16,0 59.0 1 4z n.6 31.% 36 0.032 13.0 4.0
1 23 19.0 20.0 42 n.049 19.0 71.C
1 23 39,0 W40.0 kA 0,049 19.0 60.0 1 44 %.0 2.0 62 1.100 72.0 75.0
1 22 58.0 59.0 33 0.053 1€.0 54.0 1 by 5.0 6.0 52 0.420 45.0 60.0
1 4y .0 11,0 50 0.350 39.0 S6.0
1 za 0.0 Z.0 26 0.057 18.0 69.0 1 44 19.0 20.0 38 Q. 120 14,0 0.0
1 24 5.0 6.0 29 0.068 19.0 39.0 1 4u 37.C0 38.0 4o 0,088 18,0 4.0
1 24 15.0 16.0 27 C.D76 18.0 62.C
1 24 27.¢ 28.0 2u 0.034 15.0 8r.0 1 4c .0 2.0 34 ¢.080 12.0 2u4,.C
1 24 €7.C S58,% 34 g.0u7 19.0 78.0 1 45 5.0 6.0 30 Q,053 14.0 27.0
1 4 9.¢ 10.0 32 0.075 8.0 22.0
1 2% 0.0 2,n =g 1.100 64.0 83.0 1 45 15,0 16.0 26 0.062 11.90 22.0
1 25 5.0 6.0 chn 1.660 43.0 68,0 1 ye 19.0 20,0 29 0.c70 16.0 34,0
1 < 1¢.0 11.0 40 0.170 27.0 40,0 1 45 57.0 S8.C L1 n.200 18.0 39.90
1 25 19, 20,0 ur 0.0R2 20.0 60.0
1 2< Ru,.C 55.0 40 0.094 21.0 87.0 1 46 0.0 1.0 49 0.430 22.0 28,0
1 4€ 3.0 4.0 27 0.230 13.0 2u,0
1 26 2.0 1.0 29 0,31¢ 75.0 32.0C 1 u6 9.0 1W.r 23 0.260 18.0 35.0
1 26 3.0 4.0 23 0.170 22.0 61.0 1 a€ 2n,0 21,0 30 0.100 0.0 32.0
1 2¢€ 9.6 10.0 19 0.160 22.0 73.0 1 46 47.0 u8,8 u2 €.160 18.¢ 42.C
1 26 15.0 16.0 20 0. 180 25.0 61.C
1 z€ 20, 21,3 18 0.15¢ 36.0 69.0 1 47 0,0 2.0 62 €.530 39.0 4 .0
1 47 5.0 6.0 e 0.320 20.0 32.0
1 2¢ 0.0 1.0 48 N.270 18.0 38.0 1 47 15.6 16.0 23 0.021 1.0 23,0
2¢ 1.0 2.0 Q1 G.210 17C.0 u3.0 1 47 25.0 26.0 26 0.010 11.0 29.C
1 2€ 2.0 3.¢C 26 0.C90 14,0 41.0 1 47 46.0 47,0 21 9.0C5 5.9 20.¢0
1 29 c.n 1.0 €6 0.450 18.0 38.C 1 1Y) [} 2.0 36 0.170 16. 0 30.0
1 2% 1.0 2.0 27 0.160 89.0 25.0 1 4e 5,0 6.0 29 0.683 9.8 20.0
1 2¢ 5.0 6.0 25 0.180 21.0 27.0 1 48 9.0 1.0 31 C.055 9.5 28,0
1 29 9. 10.¢ 23 0.480 7.9 33.0 1 ug 19.0 16,0 29 0.032 11.0 26,0
1 2¢ 22,0 23.1 21 0.270 C.0 47.0 i 48 19.0 20,0 28 0.039 11.0 22.0
1 4g 59.C 60.0 27 0.037 13.0 29.0
1 31 n.¢ 1.¢ 27 0.156 14.0 40.0
1 kKR 1.0 2.6 4 0. 13C 23.0 62.0
1 31 2.6 3.0 27 0.081 16.0 93.0 1 4s 2.C 5.0 39 ¢.100 14.0 26.0
1 31 3.C 4,0 41 0.082 20,0 74.C 1 49 50 6.0 3¢ D.08C 13.0 25.0
1 1 4,¢ 5.5 39 8.052 23.0 88.0 1 4e 10.0 1.0 28 ¢.C52 13.0 24,0
1 49 19.0 20,0 29 0,110 14.0 25.0
1 32 0.C 2.0 Z0 0,067 2C.0 40.0 1 4s 4,6 33,0 28 0.064 15.¢ 26.0
1 32 5.0 €.0 36 0.072 4.0 u6.0 1 49 33.C 36.° 20 G.0€1 13.C 25.0
1 37 2,0 10.0 3w 0.079 22.0 43.0 1 4s 36.0 40,0 22 6.0 13.0 22.0
1 32 5.0 16.0 35 0,078 .0 4,0 1 49 un,0 a8, 21 0.034 13.0 23.0
1 3z 19,0 20.0 34 0.0% 20.0 79.0 1 8< 48.0 S57.° 20 0.066 1.0 22.0
1 3z 39.0 &0.0 32 0,047 18.0 39.0
1 3z S4,0 %5.0 40 0.080 23.0 54.C 1 =50 tL.0 1.0 52 C.440 120.0 53.0
1 50 1,¢ 2.0 () 0.320 15.0 48.0
1 33 e.0 2.0 €2 1.70C 78,0 9.0 _ 76 1 sC f.C 6.0 41 €.230 13.0 W0
33 5.0 6.0 50 0,670 24,0 3s8.c = 50 a.¢ 10.0 17 Q.17 48,0 32.0
1 3: 0.0 11.9 50 0, 1R0 14,0 286.C 1 50 20.6 21.0 32 C.150 69.0 34,0
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CBULISE STATTON INTERVAL WAT ER HG cr NI CRUISE STATION TINTERVAL VATER HG CR NI
TOP BOTTOM % PPN pen pem TOE BOTTOM 11 PPN ppa PPN
cm [of.] cm cH
1 51 0.0 2.0 uy 0.520 45.0 56.0 1 D=2 0.0 1.0 37 0.970 100.0 5640
1 51 2.0 4,0 47 0.500 i8.C 40.0 1 D-2 1.0 2.0 28 0.720 39.0 55.0
] 51 4,0 6.0 34 0.200 21.0 29.0 1 n-2 8.0 9.0 kE] 0.660 16.0 50.0
1 €1 6.0 8.0 28 0.C70 11.0 20.0 1 p-2 12,0 13,0 21 0.310 8.7 33.¢
1 51 8. 10.0 ac 0.05? 12.0 21.0 1 n-z 17.0 18,0 18 0.1130 72.0 13.0
1 <1 1.0 12,0 29 0,074 13,0 19.0
1 £1 12.0 1.6 28 0.C6u 12,0 18.0 1 D~Z t.C 2.0 62 0.910 70.0 49,0
1 S1 14,0 16.0 29 0.032 12.0 2C.0 1 D=2 2.0 4.0 28 0. 670 46,0 35.0
1 51 6.0 20.0 29 0.0 14.0 21,0 1 c-z L,r 6.N 21 0,340 31.0 27.0
1 1 20.0 24,0 24 0.0135 13.0 22.0 1 n-2 6.0 8,0 26 0.250 16.0 17.0
i S1 28.0 2.0 25 0.100 14,0 21.C 1 n-z 8,0 1C.0 18 0.099 7.2 8,2
1 &1 32.0 36,0 25 ¢.075 4.0 22.0 1 n-2 10,0 12.9 17 0,043 6.3 7.5
1 1 40.0 47,0 U 0.0u8 13.0 22.0 1 Nez 12,0 .0 18 0.031 7.3 7.5
1 51 47.0 s5,0 28 0.C55 16.0 27.0
1 D=2 0.0 1.0 35 0,007 32,0 43.0
1 52 G.0 2.0 47 0.610 50.0 99.0 [ D-3 1.0 2.0 27 0.005% 21.0 38.0
1 s2 5.0 6.0 42 0.510 49,0 98,0 1 D~ 3 2.0 3,0 26 0.007 30.0 u8.0
1 Sz 9.0 1C.C 3€ 0.160 35.0 87.0 1 D~3 3,0 4,0 24 0,093 94,0 36.0
1 52 15.0 6.0 33 0.270 23.0 65.0 1 p-2 6.0 7.0 26 0.006 48.0 55.0
1 52 19.0  20.0 30 0.051 15.0 52.0
1 52 60,0 €1.0 23 0.029 9.2 0.0 1 D=4 f6.¢C 1.0 48 2,000 57.0 58.0
1 D-4 1.0 2.0 3u 0.810 23.0 29.0
1 53 0.0 1.0 I 0,340 18.0 29.0 1 D-14 2.0 3.0 27 0.660 18.0 27.0
i s3 1.0 2.0 27 0,230 12.0 26,0 1 D-u 3.0 4,0 22 0.540 87.¢ 31-0
1 53 5.¢ 6,0 20 0. 140 63.0 13.0
1 €z Q.0 10.n 19 0.120 28.0 29.0 H C-4 ¢.0 2.0 A7 0.820 26.0 3.0
1 53 12.¢  13.6 25 0.120 12.0 41.0 1 -4 2.0 4,0 57 0,410 21.0 30.0
1 D-& 4.0 6.0 42 0.350 32.0 37.0
1 55 0.0 2.0 61 0.790 64,0 77.0 1 v-i 6.0 g,n 7 0,490 29.0 40.C
1 5¢ 5.0 €. (1] C.530 52.0 83.0 1 D=4 a.0 10,0 37 0.400 19.0 34,0
1 55 15.0 16.0 21 0.160 12.0 25.0 1 L-4 0.0 12.C 40 0.4 80 18.n 35.0
1 £C 2.6 25.C 29 G.077 21.0 6§2.0 1 D4 12.0 14,0 39 0.290 17.0 31.0
1 5¢S 5.0 51.3 6n 0.073 30.0 64,0 1 o-4 14,0 16.0 36 0,380 14,0 28.0
1 D-4 16.0 20.0 37 0.1320 15.9 26.0
1 56 0.0 1.0 45 0,750 0.0 65.0C 1 C~4 20.C 24,0 18 0.32¢ 14.¢ 26.0
1 c€ 3.0 4,0 43 0.550 0.0 54.0 1 D-4 28,0 32.0 40 0.280 18,0 33.¢
1 56 9,0 1.0 28 0.0109 100.0 44,0 1 L-4 32.0 36.C 40 0.230 19.0 32.0
1 £E 15.0 16,0 35 0.3390 29.0 u5.0 1 p~4 4C.C 50.0 £l 0.290 14,0 21.0
1 56 26,0 27.% 22 g.200 15.0 41.0 1 D-4 50.0 61,0 29 0.190 12.0 20.0
1 57 0.< 2.0 52 0.380 2B.0¢ 59.0 i -1 0.0 2,¢ £0 0.66C 42.0 54,0
1 57 5.0 6,0 53 0,450 27,0 554G 1 M=-1 c,0 6.0 42 0.720 39.0 52,0
1 57 1.0 11,0 47 9.390 23.0 83.0 1 M-t 19.0 20.0 38 1.500 46,0 51.0
1 57 19.06 26,0 u7 0.310 25.0 53.0 1 M- 29.0 3¢.0 49 0. 500 47.0 55,0
1 57 4,06 3%.0 39 0.120 17.0 43.¢ 1 L] 56.0 57-5 36 0.870 un,n 46.0
1 5¢ .0 1.0 usg 0.07s 17.0 53.C 2 G6s1 0.0 1.0 30 2.100 100.0 7240
1 s€ 1.0 2.0 20 0.019 4,3 14,0 2 1 0.0 6.0 25 0.130 .G 0.0
1 58 2,0 3.0 15 0.018 4.2 15.0
1 SE 3.6 4.0 19 0.024 2.2 17.0 2 GSs2 0.0 10.9 21 0. 140 24,C 16.0
1 se 6.0 743 27 n.069 9.6 27.0 2 z 0.0 2.0 23 0.410 66,0 36.0
2 2 2.0 4,0 21 0.120 23.0 19.C
1 ce .0 2.0 S0 0.14r 13.0 21.0 2 z 4,0 6.0 16 0.12¢ 29.0 20.0
1 5€ 2,0 4.0 23 0.10¢ 7.9 1.0 2 2 6.0 8.7 24 0,210 31.0 23,0
1 S 4.0 6.0 1"\ 0,007 541 6.8 2 pj 8.0 1C.0 T4 0,030 19.0 11.0
1 5t 6.0 8,0 16 0.038 4.9 S.7 2 2 10.0 12,0 1 n.031 12,0 17.0
1 hx-] a.0 10,5 18 0,087 6.5 9.5 2 2 12.0 4.0 12 0.025 8.2 26.0
P 2 14.8 16,0 18 0.n59 21.0 42,0
1 56 0.0 2.0 (13 0.300 16.0 0.0 2 z 16,0 18,0 20 0.017 26.0 51.0
i 5¢ 5.0 6.0 36 0.064 10.0 43,0 2 2 18.0 20.0 17 0,032 2.0 38,0
1 59 10.0 11.¢ u N.049 9.5 81.6 < M 26.0 21,5 17 0.013 20.0 30.0
1 s¢ 19.0 20.0 34 0.Cus 14,0 48,0 2 2 21.5 25.0 20 0.029 31.0 71.0
1 £9 39,0 81%,.¢C 2e 0.G 46 15.0 53.¢
1 Sg 59.0 60,0 33 0.033 18.¢ 100.0 P3 Ge3 ¢G.0 10,0 51 2. 100 130.0 75.0
< 3 0.0 2.0 56 2,100 140.0 110.0
1 6C r.e 2.0 65 0.670 61.0 120.0 2 3 2.0 4,0 52 2,600 160.0 120.0
1 60 5.0 6.0 5€ 0.250 36.0 110.0 2 3 4,0 6.0 52 1.400 150.0 110.0
1 #C 0.0 11.0 41 €.081% 21.0 57.0 2 3 6.0 R.0 54 1. 700 140.0 110.0
1 €C 19.0 20-0 37 0. 130 15.0 60.0 2 K 8.0 10.0 sS4 2,100 170.0 120.0C
1 6C 32.0 33.% ER] 0,032 10.0 80.C 2 3 10.0 12.0 59 2,106 160, 0 110.C
2 3 12.0 14,0 53 1.300 126.0 100.0
1 €1 0.0 2.0 65 0.570 35.0 81.0 2 3 14,0 16.0 50 1.000 110.0 97.C
1 61 5.0 6.0 6G N.56C 32.0 73.0 2 2 16.0 20,0 55 1,000 110.0 85.0
1 B 0.0 11.0 S6 0.490 31.0 97.0 2 2 20.0 28.0 51 0,730 84,0 79.0
1 61 19,0 2.0 [ 0.210 17.0 66.0 2 3 26,0 28,0 [13 €.530 47.0 78,0
1 €1 23.0 53.5 36 0.085 15.0 48,0 2 3 28.0 32.¢C 48 0.75n 46,0 79.0
2 2 32.0 36.°0 45 0,120 35,0 69.C
1 62 2.0 1.0 38 0.210 10.0 41,0 2 3 36.0 40,0 45 0,230 23.0 61.C
1 62 1.0 2.0 42 0.260 14.0C 43,0 2 3 00.0 50,0 40 0.160 0.0 52.0
1 62 5.0 6.0 3u 0.240 140.0 21.0 2 3 5C.0 56.0 23 0.C30 0.0 C.0
1 €2 11.0 2.0 43 0. 160 78.0 32.0 2 2 £6.0 62.0 22 0.011 9.8 0.0
1 [ 1 18,0 19.2 22 0.056 8.2 32.0
2 [ (S0 2.0 su 2.000 87.0 67.0
1 n-1 ¢.0 1.0 kL 1.900 1ho,.0 80,0 2 L 2.0 4,0 56 1.700 00,0 79.0
1 E-1 1.0 2.0 3y 2.0cn 87,0 110.0 2 L] 4.0 6.0 55 1.800 136.C 82.0
1 -1 5.6 6.0 20 1.300 46.0 52.0 2 u 6,0 8,0 54 1.79¢C 110.0 72.0
1 p-1 9.0 1.0 26 1,300 82.0 67.0 2 4 8.0 10,0 £5 1.700 110.0 70.0
1 £-1 1€.0 17.6 2% 0.740 44.¢ 67.C 2 4 10.0 12.0 S4 1.200 0.0 61.0
Z [ 12.0 14,0 €3 0.940 81.0 56.0
1 D=1 0.0 2.0 Rl 1,400 71.0 76.0 2 u 14.C 16,1 51 0.740 63.0 49.0
1 D=1 2.0 4,0 28 2.000 56,C 73.0 2 [ 16.0 20,0 <4 9.710 51.¢C 48,0C
1 C-1 t.0 6.0 16 0.480 26.0 2440 2 4 20,0 2u,.¢C Su 0,450 29.0 38,0
1 D-1 €.0 B.0 22 0,420 24.0 20.0 2 k& W0 28,0 48 0,540 19.0 3.0
1 t-1 8.0 10.0 18 0.21¢ 26.0 24.0 2 4 28.0 32.0 6 0,370 4.0 29.0
1 D=1 16-0 12,0 20 0,259 21,0 20.0 2 4 32.0 36.0 41 0.250 17,0 4.0
1 -1 2.0 14,0 23 0.u430 26.0 28.0 2 4 6.0 u0.C 37 N, 160 15.0 25.0
1 D=1 m.0 16,0 18 5,220 15, ¢ 1%,0 2 4 40,0 Sh.0 35 0.063 12.0 23.0
1 p-1 16.C 20.°0 18 C. 140 Ta1 3.1 - 77 =2 4 50.0 S4,0 26 0.055 11.0 2u.90
1 D=1 20.0 24.0 G f. 150 Tl 9.5 2 4 sS4, 60.0 29 0.05u4 13.0 26.0
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CRUISE STATION TNTERVAL WATFR  HG CR NY CROLSE STATICN INTERVAL WATER HG CR NI
TOP BOTTOM b PPN PPN PPN TOF PBOTTOM % PPM PPN 33,
cN [of.] cn cm
2 4 60,0 66,0 23 0.045 12.0 6.0 2 9 an.0 94,0 42 0,055 19.0 76.C
2 < %4,0 98,0 43 0.066 19.0 91,0
3 GSS 0.C 0.0 2R 1,h00 32.0 35.0 2 9 118,0 120,0 [ 0.056 21.0 77.0
Fa 5 c.0 2.0 52 1.400 88,.n 79.C 2 9 120,0 124.¢C 50 0.0646 231.0 R2.0
2 N 2.0 4.0 [ n.460 36.0 58.0 2 9 124.0 128,0 4a. 0,073 19.0 B4, 0
2 5 4.0 6.0 39 0. 180 21.0 47.0 r € 129,06 132,0 53 6.100 18,0 64,C
2 < 6.0 8.0 33 0.065% 15.0 u5.0 2 9 132.0 136.0 49 80.096 11.0 65.0
2 5 8.0 10-0 1 0.086 13.0 42,0 3 S 136.0 1u0,.0 n 0,073 15.0 9€.0
< & 0.0 12.0 31 0.079 16.0 46,0 2 9 140.0 1u4,C 27 0,045 9.9 0.0
2 5 12.0 w0 0 0,076 4.0 35.0 2 S 16u.C 167.0 27 0.024 8.3 8u4.C
2 € 4. 16.0 2 g.1r0 14,0 ue.e < § 147.0 148,0 47 0.036 10.0 a8%.0
2 5 16.0 20,7 11 0.051 14,0 47.0 2 9  148.0 152.0 65 0.110 12.0 94,0
] < 20.0 24.0 31 ¢.0u8 15.0 47.0 2 9 152.0 156.0 sh 0,045 15.0 59.0
2 8 24,0 28,C 29 c.087 13.0 S0.0 2 S 156.0 161.0 27 0.023 18.0 72,0
2 £ 28.0 32.0 26 0,040 14.0 48,0 2 9 161.C 167.0 24 0,029 19.06 71.0
2 S  32.0 36.0 24 0.040 11.0 48.0
z € 36,0 40,0 26 0.0u3 14,0 52.0 2 GS1¢ 0,6 1.0 5% 0. 840 61.0 63.0
2 5 40,0 50.0 25 0.038 13.0 45,0 2 1C G.0 2.0 €5 0,710 75.0 84,0
2 s 56.0 59.C 22 0,041 14,0 51.0 2 10 2.0 1.0 su 0.870 72.0 84.0
2 < 59.C 67.0 8 0.074 20.0 43,0 2 1C 4,C 6.0 48 0.730 63.0 an.0
2 € 67.6 76.0 43 0.100 17.0 58.0 2 1C f.0 8,0 43 0,u50 49.0 63.0
2 S 76.0 87.0 46 0.084 19.0 54.0 2 1€ 8.0 10,0 41 0.330 43.0 58.0
2 € a7.0 93.¢ 25 0.056 13.C. 52.C 2 1¢ 10.0 12.0 36 0.170 34,0 51.0
2 10 12,0 14,0 N 0.140 27.0 46.0
2 GSéE 0.0 10.C 55 2.000 110.0 74,0 2 10 16,0 16,0 s 0,052 21.0 37.0
2 6 0.0 2.0 61 2,200 120.0 80.0 2 1¢ 16.C 2040 40 0,030 18.0 37.0
L € 2.0 4,0 70 1.800 120.0 87.0 2 1c 20.C 24,0 41 0.026 21.0 42,0
2 € 4.0 6.0 A7 1. 200 110.0 T4.0 2 10 24, 28,0 37 0.0u42 19,0 39.0
2 € 6.0 8,0 66 1.200 11¢.0 70,0 2 10 28,0 30.5 ya r.032 21.0 44,0
2 6 R0 1.0 64 1,100 95,0 69,0 2 10 30.5 36.0 41 0.028 20.0 41,0
2 £ 0.0 12.0 56 0.360 54,0 49,0 2 10 36.0 40,0 38 0.029 16,0 40.0
< 6 12.0 4.0 56 f,17¢ 4u,n 48,0 2 10 46.C 50,0 39 0.025 0.0 47.0
2 3 1.0 16.0 sS4 0.057 29,0 42.90 2 18 60.C 70,0 42 0.045 21.0 49.0
2 [ 16.6 2%.9 S0 n.N29 22.0 32.0 £ 1C /0.0 87,0 40 N, 0730 21.0 50.C
2 € 20.0 24.C 45 0.015 17.0 24.0 2 1 ar.¢c 91,0 38 n.C19 15.¢ 36.0
2 6 24,0 28,0 L1 0.023 17.¢ 22.¢ 2 1C 91.0 95.0 M n.013 9,8 30.0
2 € R0 3200 42 Q.01 15.0 21.0 2 1c 9%.0 95,0 63 G.0133 11.0 40.0
2 [} 32.0 136.0 43 N.008 18,60 27.0 2 1C 99.0 105.0 54 0.032 16,0 44,0
2 3 36.0 u0,n 4Q 0.006 19,0 27.0 P 1€ 105.C¢ 103,0 ug 0.050 15.0 41.0
2 6 4.0 50.0 41 .0.002 17.0 26.0 2 1C 109.C 110.5 43 0.060 19.0 46.0
2 € 5¢.0 60.C e 0.003 14.0 22.0 2 10 110,5 14,5 54 n.,0u45 12.0 45,0
2 [ 7C.0 80.0 33 0.011 14.0 19,0 2 1 1.5 122.5 38 0.02%5 9.8 31.0
P4 € %€ .0 100.¢C 31 0.008 1.0 17.¢ 2 16 122.5 129.5 43 0,025 19.C us.0
< 6 1CR.C 112.0 32 0,012 1.0 20.0
2 € 13€.0 tuan.n 2¢ 0.0 6.1 1.0 2 6S11 0.0 10.90 ug 0.30n 0,0 9.0
2 6 46.0 151.0 T 0.005 7.6 16,0 2 11 0.0 2.0 49 G.820 48.0 67.0
z 11 2.0 4,0 40 0.570 38.0 54,0
2 GS57 0.0 10.0 51 1.400 110.0 4.0 2 1 4. 6.0 36 0,170 2%.0 41.0
2 7 n.G 2.0 9 2.80C i40.0 140,0 2 11 [ 3.C kL 0.110 4.0 en,.¢
Z 7 2.0 4.0 61 2.500 140.0 160.0 2 1 f.G 10,0 32 0.076 21.0 42.0
2 7 4,0 6,0 61 2.10°0 10,0 150.0 2 11 10.06 12,0 37 0.050 22.0 49.0
2 7 6.0 8.0 60 2.100 °9.0 110.0 2 11 124 1,0 34 6.043 21.0 52.0
2 2 8.6 10.0 56 1.600 110.0 130.0 2 11 1w.e 16,0 36 .0u8 22.0 48,0
2 7 0.0 12.6 57 1.600 120.0 140.0 2 11 1.0 20.C 47 0.Nn32 21,0 49,0
2 K 12.0 14,0 51 0,950 71.0 120.C 2 11 26,0 24,0 51 6.0138 25,0 55.0
2 7 4.0 6.0 49 0.360 33.90 84,0 2 1" 24.0 2R.0 &y 0.013¢ 24.0 51.0
2 7 16.0 20.0 50 0.260 28,0 82.0 2 11 2R.0 31.0 a7 0.624 18.0 44,0
2 7 20,0 24.C 45 n.220 28.0 83.0 2 11 21.0 36,0 3R 0.021 13.0 41,0
2 7 6.0 27,¢C 42 0.089 25.0 79.0 2 LA 36,0 37.0 37 0.021 14,0 51.0
2 7 27.0 31.0 46 0.098 23.0 72.0 F " 37.C 41,0 42 0.023 15,0 51.G
2 7 31.0 36.0 42 €.070 20.0 59.0 2 11 41.0 85,0 4z 0.015 21.0 59,0
2 ki 36.0 49,0 [ 0-065 25.0 72,0 2 11 6.0 7C.0 47 0.024 14,0 49,0
2 7 ugt.0 50,0 40 0.C51 18.0 67.0 2 1 8C.¢ 90,0 ug 0.027 18.0 53.0
2 7 5C.0 55,0 9 B.0%0 20.0 67.0 I3 11 100.0 110,0 51 0,026 16.0 52.0
P3 7 55.C €5.0 17 0.140 17.0 71.0 2 11 110.C 118,0 51 0.039 13,0 39.0
2 7 65.0 74,0 3% 0.056 164.0 62,0 2 11 118,.0 120,0 €2 0,051 11.0 26.0
p3 7 T4.C 78,0 27 0,037 14.0 57.0 2 11 120.0 122.N0 41 0.032 12.0 21.0
2 7 78.0 91.0 40 0.672 15.0 77.0 Z 11 122.0 24,0 26 0.022 1.0 27.0
2 ki 91.¢ 98,0 37 0.c88 15.0 62.0 2 11 124.0 127,n 2 0.023 9.3 23,0
2 7 98.0 0.0 k) 0.r381 14,0 63.0 2 11 127.0 128.5 21 0.014 9.5 27.0
2 7 100.0 103.C 41 0,120 18.0 67.0 2 17 128.5 135,0 20 0.C16 12.0 32.0
< 7 1C03.0 105.0 25 T.047 9.5 42,0 2 11 135.C 140.0 18 0.C14 12,0 31.¢
2 7 105.C 115.6 17 0.c28 1.0 *72,0 2 1 40,0 185,0 18 0.017 13,0 31.0
2 7 115,00 19,0 1w 0.C20 8.8 70.0 2 11 155.06 158,95 23 n.n19 12.0 35.0
2 7 119.0 123.0 16 0,03A 11.0 5.0 2 11 158.5 161,0 45 0.0132 12,0 us, 0
2 7 123.0 127.¢C 1R n.03 0.0 76.0 2 11 161.0 163,C L1 9.033 13.0 51.0
2 7 127.C 131,07 19 0,030 10.0 73.0
2 7 131,00 135.0 15 c.037 12.0 77.0 2 6512 .0 1.0 3y 0,570 46.0 54.0
2 12 e.c 2.0 55 0.49¢C 47,0 63.0
2 -3 N.U W0 37 1.200 69.0 70.0 2 12 2.0 4,0 52 0.620 53.0 63.0
2 g 0.0 2.0 60 1.400 80.0 14c¢,0 P4 12 t.0 6.0 ug 0.530 57.0 64,0
2 9 2.0 4.6 57 1.400 90.0 160.0 2 1z 6.0 8,0 39 0.220 33.0 45,0
2 < 4.0 6.0 57 1.300 91.0 160.0 2 12 9.0 1C.0 8 n.120 31.0 38.0
2 El 6.0 B.N 55 0.390 57.C 120.0 - 1z 1m0 12,0 32 c.087 22,0 an.0
2 S R.0 10,0 2 0.650 2.0 110.0 2 12 12,0 1,0 20 0.021 14.0 33.0
2 9 1.6 12,0 49 0,460 36.0 100.0 2 1z 1.0 16.0 21 0.021 17.0 35.0
2 < 12.0 1,0 4” 0.430 29.0 100.0 < 12 16.0 20.0 21 N.020 14,0 31.0
2 9 1.6 16.0 48 0.450 23.0 98.0 2 12 1€.0 20.0 20 G.009 14,0 29.0
P S 1.0 20.0 b} 0,.0R7 19.0 82.C 2 12 20,0 22.0 18 9.C 8.1 28,.C
2 9 20,0 24,0 52 n.o79 19.C B2. ¢ 2 1z 22.0 24.0 30 0.012 21.0 33.0
2 S 4.0 28,0 49 0.047 23.0 8.0 2 12 20,0 26.0 u1 0,013 26,0 6.0
2 9 28.¢ 32.0 us 0.056 19.0 71.0 2 1z 26.0 29,0 40 o.012 25.0 35.0
2 e 32,6 36.0 (23 G.100 19.0 66.0
2 9 36,0 40,0 ug 0.0865 22.0 77.G 2 G513 0.0 10.0 56 0.200 29.0 39.0
2 ¢ 40.0 S0.0 4s 0.066 2G.0 76.0 2 13 0.0 2.0 54 0,440 37.0 65.0
2 g 7C.0 89.0 [¥] 0,097 19.0 98.0 2 13 2.0 4,0 45 0.130 23,0 49,0
2 S 80.C 84,0 38 Q.07 19.0 8.0 2 13 4,0 6.0 4y 0.052 19.0 43.0
2 9 Bu.0 86,0 37 0.0u9 16.0 8A,C 2 3 6.0 8.0 u3 0.110 18,0 39.C
2 € 86.0 88.0 % 0.073 15.0 72.0 - 78 =2 13 8.0 10.0 43 1,096 15.0 36.C
2 9 88.0 90.0 37 0,074 17.0 85.0 2 13 10.C 12.0 38 0.054 13.0 34,0
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CRUISE STATIQN TINTERVAL WATER HG CR 84 CRUISE STATION INTERVAL WATER aG ce NT
TCP BOTTOM X PPN | 34.} PPM TOP BOTTOM % PPN PPH PN
cn cH cn cH
Z 17 12.C 14,0 34 0,054 13,0 31,0 2 1€ 43,5 67,0 42 0.054 20.0 22.0
2 13 18,0 16.0 33 0.0u0 14.0 4,0 2 16  47.0 50.0 40 0.050 21.0 10.0
2 1T 1€.C  20.0 36 0.018 15,0 39.0 2 1€ 50.0 52.5 37 0.041 17.0 9.6
2 13 20.C 28,0 3 0,038 1.0 36.0 2 16 52,5 54.5 4 0.039 20,0 19.0
2 12 25.C0 28.0 32 0,055% 12.0 33.0 2 1€ 54.5 56.5 40 0,039 19,0 25.0
2 13 28,0 30.0 R 0.027 13,0 35,0 2 16  536.5 60,0 38 0,027 18.0 27.0
i 1T 36,0 32.0 26 0,027 14,0 38.6 2 1€ 70.0 80.0 32 0.028 21.0 30,0
2 13 32.0 36.0 28 0.028 13.0 40.0 p: 16 90.0 100,0 ® 0,021 18.0 32.0
¢ 13 3€.0 40.0 28 0.027 13.0 38.0 2 1€ 110.0 120,0 32 0.032 17.0 28.0
2 13 ar.0 50,0 33 0.032 15,0 41.0 2 16 136.C 140.0 31 0.027 21.0 3.0
2 12 50.0 54,0 3¢ 0,036 16,0 81,0 2 1€ 150.0 160.0 32 0.020 22.0 33.0
2 13 S4.0 56.0 31 0,029 12.0 41,0 2 16 170.C 180.0 32 0,025 25.0 2u,C
2 13 56.C 60.0 2 0,040 15.0 44.0 2 1€ 18G.0 185.5 28 0,028 25.0 30.0
2 13 6C.0 66.0 S C.036 15.0 $3.0 2 16 185.5 187.5 200 0.025 16.0 22.0
2 13 6€.0 76.5 38 0,081 15.0 50.6 2 1€ 187.5 189,5 19 0.0 16,0 16,0
2 13 76.5 80.0 37 0,033 19.0 49.0 2 16 18%.5 191.5 20 0,026 18,0 22.0
2 13 8C.0 90,0 39 n.032 17.0 51.0 2 1€ 191.5 193.5 21 0,020 15,0 26.0
2 13 116,00 120.0 41 p.02u 19.0 £3,0 2 16 191.5 195.5 22 9.033 13.0 24.0
2 I 140.0 150.0 39 0.02u 20.0 §5.0 2 1€ 195,5% 197.5 19 0.026 18,0 256.0
2 13 170.0 180.0 4 n.028 22.0 68,0 2 16 197.5 2062,0 23 6.032 19.0 28,0
2 13 200.0 203.% 0,030 21.0 67.0
2 13 203,5 2¢€8,0 s 0,170 0.0 37.90 2 G517 0.0 10.0 64 0.130 36.0 46.0
2 17 0.0 2.0 79 0.100 38,0 S0.0
2 6814 £.0 1,0 78 0,180 35,0 47,0 2 17 2.0 4.0 RS 0.033 33,0 51.0
2 14 0.¢  z.0 €3 C.120 18.0 39,0 2 17 4,0 6,0 77 0,038 28,0 48.0
« 14 2.0 4,0 57  0.C6u 22,0 42,0 2 17 6.0 8.0 1 0.031 29,0 SC.0
2 14 4,0 6.0 € 0.029 35.0 53.0 2 17 8.C 10,0 68 0,027 28,0 47.0
P 14 6.0 R,D 53 0,034 16,0 S€.0 2 17 10.6 12,0 68  0.022 27.0 ue, 0
2 14 .0 10.0 €1 AL030 21,0 81.C 2 17 12,0 18,0 78 0.Cu41 32.0 53,9
2 14 10,6 12,9 53 0.025 18,6 53,0 2 17 14.C 16.0 73 0.059 21,0 52,0
2 1w 12,0 .0 w7l 0,024 28,6 55.0
2 4 14,6 16,0 52 n.028 26.0 52.0 2 GS18 0.0 10.0 62 0.160 37.0 48.0
2 1% 16.0 20.0 %0 0.062°  34.0 u2.0 2 1E 0.0 2.0 6 0.180 47,0 15,0
2 4 206.0 28,90 47 0.022 24,0 43,0 2 18 2.0 4.C 57  0.110 34,0 20.0
< 14 24,0 28.0 uu G.030 21.0 49.0 2 18 4,0 6.0 gy 0.160 35.0 1R,0
2 14 28.0 32,9 56 0.031 21.0 47.0 2 18 .0 8.0 60 0.073 310 5.7
2 14 32,0 36.0 47 0,021 25.0 51.0 2 1€ 8,0 10.0 86 0.047 27.0 17.0
2 16 36.C 40.0 ug 0,025 23,0 42,0 2 18 10.0 12.0 55 0.042 36.0 11.0
2 1w 4s.b 50,0 47 0,037 30.0 54,0 2 18 12.0 14,0 52 0.013 37.0 28.0
2 14 50,0 60,0 ur 0,031 29,0 51.6 2 18 14,0 16.0 47 0,034 29.¢C 232.0
2 14 60,0 70.0 41 0.039 27.0 51,9 2 16 16.0 20640 48 0.037 32.0 32.0
2 14 70,6 80.0 46 n.025 28.0 u4,0 2 18 20.0 24.0 55 0,028 31.0 32.0
Z 14 10r.0 118.0 48 0,034 24,0 47.0 2 te  24.0 28.0 47 0.029 30.0 47.0
2 1 110.0 18,0 49 0.029 24,0 49.0 2 18 28.0 32.0 50 0.0133 29.0 SG.0
2 14 114.0 120.0 R0,022 25,0 46,0 2 16 32.0  36.0 es 0,018 30.C 40,0
2 14 146.0 150.0 45 0,030 30,0 50,0 2 18 36.0 40,0 50 0,023 32,0 51.0
2 14 170.0 180, 0 45 0.017 1840 45.C 2 18 40-0 50,0 ss 0,014 28.0 53.0
2 14 200.0 210.0 4s 0,012 21.0 52.0 2 18 &sn,0 60.0 46 0,029 22.0 38,0
2 14 230.0 240.0 40 0.016 22.0 u9,.0 2 1E B).C 90.0 41 0.023 27.0 u7.0
2 14 260,06 270.0 44 0.017 23,0 45,0 2 18 110.0 120,0 4s  C.042 26,0 38,0
2 it 270,0 27R,0 39 0.024 18.0 46.0 2 18 180.0 150.0 45 0,027 32,0 49,0
2 T4 278,00 286.0 % 0.0 26.0 75.0 2 18 179.6 180.0 47 0,024 31,0 56.0
2 1€ 180.C 190.0 »1 0,018 31.0 52.0
2 18 210.C 220.0 44 0,015 28.0 52,0
2 143 0.0 2,0 59 0,560 60.0 65.0 2 18 240,C 280.0 4 n.0N 26,0 57.0
2 4R 2.0 4.0 52 0,440 53.0 57.0 2 18 2734.0 280.C 42 0.021 27.6 50.0
2 I'S) 6.0 6.0 47 0,270 35,0 52,0 2 18 360.0 10,0 42 0,024 24.0 50.0
2 142 6.0 8.0 45 0,170 26.0 41,0 2 18 32€.0 327.5 38 0.M14 0.0 0.0
2 142 8.0 10.0 38 0.120 21.¢ 50.0 2 1€ 327.5 332.0 42 0,017 30.0 51.0
2 1WA 10,6 12,0 3¢ 9.071 17,0 31.0
2 WE 12,0 14,0 32 n,087 19.0 32.0 2 G519 0.0 10.0 68 0,350 59,0 60.0
2 1Wr 18,0 16.0 31 0.052 17.0 28.0 2 19 0.0 2.0 63  0.460 53,0 95.0
2 16h 16,0 20.¢ 41 0.039 18,0 29.0 2 15 2.0 4,0 &0 0,uu0 58,0 80.0
2 1WA 24,0 28,0 39 0.120 16.0 25.0 2 19 4,0 6.0 57  0.360 47.0 70,0
2 1y 32,00 36,0 3 n.om 16,0 24,0 2 1¢ 6.0 8.C 56 0.360 48.0 71.0
2 143 45.C 49,0 33 0.007 15,0 23.0 2 19 8.0 13.0 52 0,260 34,0 72.0
2 1 10.0 12.0 52 €.210 25.0 6C.0
2 Ge 18 .0 10.0 €9 0,19C 41,0 48,0 2 19 12.0 6.0 49 0,110 16.0 47,0
2 15 .0 2.0 1 0.089 0.0 0.0 2 1€ 13.0 16.0 55 €.120 19,0 58.0
2 1€ 2.¢ 4.0 36 0,052 21.0 36,0 2 15 16.0 20.C 51 0.053 16.0 35.0
2 15 4.0 6.0 39 0,030 22,0 39,0 2 1€ 20,0 24.0 46 0,047 15.0 41,0
2 1€ 6. 8.0 37 0.035 19,6 36,0 2 19 24,0 28,0 50  0.050 16.0 4u.0
2 18 8.0 10.0 3% 0,034 19,0 39.0 2 16 28.0 32,0 49 0,047 16,0 38.0
z 15 1C.0  12.0 12 0,03% 18.0 36,0 2 16 32.0 36.0 45 0.056 16,0 40.0
2 15 12,0 1u.p n 0,028 20.0 40.0 2 16 36.0 40,0 41 6,028 13.0 42.0
2 15 4.6 16.0 31 0.035 21.0 18,0 ) 19 40.0 43,5 40 0.041 13.0 41.0
2 15 16,6 23.0 M 0,036 20.¢ 35.0 p 16 43,5 47,0 4 0.032 16,0 52,0
2 1€ 20,0 24.0 31 0,010 18,0 32,0 2 19 47,0 S1.0 39 0,045 12.0 30.0
2 16 26,6 28.0 I 0,013 18,0 31.0 2 18 S1,C 53,0 39 0,049 11.0 31.0
2 18 ZR.¢  32.¢ 249 5.010 18,0 1.0 g 19 53,0 58.C 15 n, D49 10.0 19,0
2 15 32,0 36,0 33 0.009 16,0 11,0 2 1€ S8,8 60.0 30 0.022 9.3 38.0
2 17 36,0 40.0 W 0,016 16.0 30.0 2 19 60,0 70.0 26 0,025 12.0 51.0
2 18 10,0 48.0 30 0.080 17-n 33.0 2 15 70.0 73,0 25 0.036 14.0 47.0
2 18 7IC.C 80.0 3’ 0,027 18.0 34,0 2 18 73,0 75.% 23 D034 16.0 51,0
2 15 108,0 110.0 81 G.017 16,0 33.0 2 1€ 75,5 78.0 21 0.0 14,0 53.0
2 GS15 c.c 13.¢ 74 0.270 50.0 57.0 2 682¢ 6.0 10.C 45 0,670  140.0 75.0
2 1¢ ¢.0  z.0 56 0.33¢C 60,0 5640 2 2¢ 0.9 1.0 45 0,930 150.C 90,0
2 16 2.0 4,0 54 0.280 57,0 3.0 2 2¢ 1.0 3.0 43 0.770 150.0 C.0
2 1¢ 4.6 6,C 50 0,200 32,0 17.0 2 20 3.6 5.¢ 47 0.550  150.0  110,0
2 16 6.0 8,0 50 0.190 35.0 33,0 2 2¢ 5.0 7.0 5C  0.50M  170.0 99.0
2 1€ 8.0 10.C 47 0,053 37.0 43,0 2 2¢ 7.0 9,0 51 1,400 190.0 116.0
2 16 0.0 12,0 LA 0,190 39.0 17.0 2 2¢ 9,0 11.0 53 0,610 190.0 130,90
2 1€ 12.¢ 1.0 4 0,150 33.0 31.0 2 26 11,0 13.0 5  0.800  290.0  130.0
2 16 4.0 16.0 45 0.160 35,0 20,0 2 2 13,0 15,0 56 0,910 210.0  120.0
2 1€ 16.¢ 21.0 39 0.093 2,0 32.0 2 20 15.0 17.0 5 0.830  150,0 98.0
2 16 21.¢ 31,5 W 0,130 27.0 29,0 2 2 17,0 21.¢ 52 0,830 150.0  100.0
2 1€ 31,5 35.5 3 0,063 34.0 0.0 - 79 % 20 21.0 25.0 5 0.820  160.0  12C.0
2 16  35.5 29,5 we 0,058 30,0 28,0 2 26 25.0 29.0 5 1,000 210.0  140.0
Z 16 35.5 43.% 39 0,047 4.0 18.0 2 2¢ 29,0 33.0 55  0.660 216.0  130.0
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CRUISE S™ATION TINTERVAL WATER HG CR NI CBUISE STATICN INTERVAL WATER  HG fod 3 NI
TOEF BOTTOM % j2:1. | POM 4] TOE BOTTON 1 PPM PPN PPY
[of] cH ch cx
2 2¢ 33,0 137.0 49 0.6130 19C.0 14C.0 2 29 110.0 120.0 46 0,037 22,0 52,0
2 2C 37.0 41.¢ s2 0.780  200.0 120,0 2 25 1un,0 150.¢0 ug 0,022 25.0 56.0
2 20 @1,0 4S,0 54 0.650 170.0 110.C 2 29 17¢.0 180.0 s 0,043 19.0 54.0
2 2C 45.0 48,0 €6 0.740 200.0 110,90 2 29 200,0 210.0 ul 0.032 22.C 54.0
2 20 49,0 59.0 54 0.700 170,0 120.0 2 29 230.0 2u40.0 41 0,019 24,0 56.0
2 20 59.6 69.0 sy 0,720 176.0 98,0 2 29 26N.C 270.0 46 0,018 20.0 51,0
2 20 69.0 79.0 €3 0.960 83.0 77.0 2 29 290.0 300.0 49 0.027 23.0 58,0
2 20 79,0 89,0 48 ¢.900 67.0 73.0 2 26 320.0 330.0 u6 0,022 23.0 54,0
2 20 89,0 99,0 50 0.870 4,0 61,0 2 29 135C.0 360.0 45 0,014 26,0 5640
2 2¢ 99,0 103,0 43  0.930 33.0 63.0 2 2% 38C.0 391.0 4g 0,017 23.0 52.0
2 2¢ 103.0 108.0 us 0.8430 30.0 57.0 2 29 391.0 397.0 B8 0,014 22,0 53,0
2 2¢ 108.0 113,0 4s 1,100 3t.0 76.0
2 2¢ 13,0 12%,0 37 0.960 28.0 51.0 2 6s3¢ .0 10.0 St 0,0 30.0 45,0
< z0 121.0 125.0 un 0.1R0 18,0 58.0 2 3C 0.0 2.0 47 0.120 31.0 47.0
2 ac 2. 4.0 43 0,075 26.0 37.0
2 GS21 G.0 0.0 €1 0.240 34,0 43.0 2 3¢ 4.0 6.0 42 0,077 26.0 31.0
2 21 n,0 2.0 56 0.680 0.0 0.¢C 2 3¢ 6.0 8.0 42 0,069 26,0 32.0
< 21 2.0 4,0 51 0.650 0.0 0.0 2 3c 8.0 10.0 u3 0.024 23,0 28.0
2 21 4.0 8.0 51 0.095 27.0 37.0 2 30 10.0 12.0 81 e.0u2 23.0 28,0
2 21 6.0 8.0 4R 0.05% 24,0 38,0 2 ac 12.0 .0 43 0,041 22.0 29,0
< 21 g.0 10.¢ 46 0.061 19.0 31.C 2 e 1.0 16.0 40 ¢.028 22.0 28.0
2 21 10.0 12.0 42 0.0137 22.0 33.0 2 ac 16,0 20.0 48 0.024 21,0 33.0
2 21 12.0 w0 41 0.017 23,0 35.0 2 3c 20,0 24,0 49 0.024 19.0 28.0
2 21 14,6 6.0 37 0.011 18,0 29.0 2 3¢ 8.0 28.0 a4 ¢.021 22.0 31.0
2 30 28,0 32.0 44 0.008 20.0 22.0
2 GS2z %.0 0.0 62 0.250 45,0 48.C P 3C 32.0 36.0 49 0.054 22.0 28.0
2 22 0.C 2.0 25 0.370 0.0 Cc.0 2 3¢ 36.0 u0.0 9 0,018 20.0 25.0
2 2z 2.0 4.0 ue 0.530 0.,C c.0 2 3C 40,0 50.C 49 0,027 21.0 30.0
¢ 22 4.0 6.C uy 0.013 24.0 29.0 2 30 S0.0 60.0 42 0,019 22.0 0.0
3 2z 6.0 8,0 42 0,023 19.0 41.0 2 3C 80.0 91.¢C a4y 0,029 21.0 20,0
2 22 8.0 10.0 27 0.012 20.0 26.0 2 3c 91.0 100.0 45 c.011 21.0 16.0
2 22 10,0 12.0 38 n.021 22,0 36.0 2 36 120.0 130.0 40 0.031 18.C 17.0
2 22 12,0 14,0 38 0.013 24.0 40.0 2 30 150.C 160.0 45 ¢.025 19.0 23.0
2 2z 4.0 16.0 43 0.022 20,0 43,0 2 3C 180.0 190.0 42 0,013 23,0 21.0
2 30 210,0 220.0 40 0.022 18,0 21.0
2 GS24 0,0 1.0 33 0.050 16-0 20.0 2 3C 20,0 250.0 % 0,019 19,0 18,0
< 28 0.C 2.0 35 0.190 .0 0.0 2 3C 250.0 260.0 kL] 0.C022 20.0 21.0
2 24 2.0 4.¢ 3¢ 0.240 0.0 G.C 2 3C 260.0 26%5.0 37 2,013 16.0 23.0
2 24 4,0 6.0 kll 0.C18 14,0 ?1.C 2 30 265.0 270.0 13 0,018 17-0 27.0
2 24 6.0 8.0 3¢ 0.022 14.0 25.0
2 24 3,0 13,0 31 0.015 15.0 26.G 2 GS31 0.¢ 10.0 53 0.120 34,0 46.0
2 2% 3.6 12.0 30 n.019 15.0 26.C 2 31 0.0 2.0 47 0.093 29.0 38.0
2 24 12.0 w0 27 0.G20 13.0 22.0 < 31 2,¢C 4.C [1:} 0.029 2.0 32.¢
2 24 W,0 16.0 25 0.022 11.0 21,0 2 kR He0 640 49 0,058 23.0 34,0
2 31 6.0 8.0 50 n.C61 23,0 34.0
2 GS2%8 .0 10,0 s1 0.250 4¢.C 41.¢ 2 31 8.0 10.0 49 0,047 22.0 33.0
2 25 r.¢ 2.0 36 0,230 24,0 0.0 2 31 10.0 12.0 49 0,050 21.C 31.0
2 25 2.0 4.0 29 0.12¢ 15.0 0.0 2 21 12,6 14.0 50 0,028 21.0C 34.0
2 25 4,0 6.0 36 0,180 19.0 0.0 2 31 14,0 16.0 50 0.036 23.0 3€.0
2 2% A.0 12,0 29 0.0A9 1.0 0.0
2 6532 0.0 10,0 35 2.150 4%.0 34,0
2 GS82¢ 0. 10.¢C 41 0.0u6 13.0 17.0 2 32 "0 2.0 26 2.300 100.0 Se.0
2 26 0.0 2,0 15 0.014 5.0 G.C 2 32 2.0 4.0 28 4,800 130.0 59,0
2 2€ 2.0 4,0 s 0.015 4.8 c.C 2 3z 4.0 6.0 27 4,900 1we.0 52.0
2 26 4.0 6.0 1t 0,012 4.7 0.0 2 32 6.0 8.0 29 5.000 150.C 61,0
2 2¢€ 6.0 8.0 14 n,010 14,0 0.C 2 3z 8.0 10.0 30 4,800 160.0 48.0
2 26 8.0 10.0 17 0.026 13.0 C.C 2 32 10.0 2.0 30 5,400 210.0 58.0
2 2¢€ 1C.0 12.0 27 0.037 22.0 c.0 2 3z 12.0 4.0 31 6.900 25C.0 48.0
2 26 12.0 .0 25 0.020 23.0 C.0 2 32 14,0 17.0 an 3,100 93.0 57.0
2 2¢ .0 16.0 28 0.017 18.C 0.0 2 3z 17.0 20.0 29 0.970 67.0 47,0
2 26 6.6 18.0 25 0. 13 20.0 0.0 2 32 20,0 23.0 27 0.520 41,0 59.0
2 2€ 18.0 21.0 26 0.017 2u,.n G.0 2 3z 23.0 27.0 15 0.026 16.0 46.0
2 26 21,0 23.0 25 0,014 22.0 .0 2 32 27.0 31.0 16 0.025 18.0 5240
2 2¢€ 23.0 25.0 23 6.018 18.0 0.0 2 3z 31.6 33%.0 15 0,064 15.0Q 5¢.0
2 26 25,0 28.¢C 25 0,024 22.0 0.0 2 32 33.0 38.0 20 0. 120 21.C 63.C
2 2€ 28.0 30.0 26 0.011 28,0 c.0 2 3z 38.0 41.0 7 0.058 17.0 61.0
2 26 30.0 32.0 28 0.012 22.0 0.0 2 32 #1.0 44.0 21 0.05% 23,0 63.0
2 2€ 32.0 34.¢ 28 0,027 22.0 0.0 2 32 s4,0 46.0 " 0.015 0,0 0.0
2 26 34,0 39.¢ 31 0.032 23.0 c.0 2 32 46,0 48,0 15 0.032 0.0 0.0
2 2€ 39.G 42.0 30 0.023 19.0 c.0 2 3z 48,0 55.0 19 0.031 0.0 0.C
2 26 642.0 45.0 29 9,022 24,0 0.0
2 2€  45.C 50.0 30 0.030 20.0 0.0 2 GS33 0.0 10.0 27 0. 09 311.0 29,0
2 26 S50.0 5u4.0 28 0.016 18.0 0.C
2 GS34 0.0 1.0 39 0,065 18.0 27.0
2 GsS27 c.0 .t 16 0.011 2.9 7.8 2 34 0.0 2.0 37 0.070 12,0 32.0
2 34 2.0 4.0 30 ¢.025 9.0 31.0
2 GS2E ¢.0 10-.0 37 0.094 20.0 25.0 ] 34 4.0 6.0 26 0.02% 11.0 37.0
2 34 6.0 8.0 26 0.022 9.0 30.0
2 282 0.C 10.0 50 0,810 5640 52.0 2 kL 8.0 1.9 25 ¢.023 11.0 32.0
2 34 10.0 12.0 26 0.050 8.4 28.0
2 GS2¢ C.C 10.0 61 0,190 46.0 48,0 2 34 12.0 14.0 2u 0,015 9.6 35.0
p3 29 0.0 2.0 56 ¢.190 48,0 63.0 2 34 4.0 16.0 28 0,028 9.1 31,0
2 29 2.C 4.0 53 0,110 38,0 69.0 é 3 1.0 20.0 2% 0.023 10.0 35.0
2 2¢ 4.0 6.0 82 0.059 35.0 65.C 2 3y 20,0 24,0 25 0.019 7.5 35.0
2 29 6.0 .0 51 0.120 33.0 64,0 2 3y 24,0 28,0 26 0.017 8.1 39.0
2 29 8.0 10.¢ 47 0.140 30.0 6C.0 2 34 2R.,0 32,0 2% 0.0135 10.0 32.¢C
2 29  10.0 2. 51 0.076 25.C 58.0 2 34 32.0 36.0 25 0.035 8.5 29.0
2 2¢ 12.6 1.0 %9 0.065 24.0 54,0 2 34 36.0 u0.0 25 0.026 8.8 43,0
< 29 14.0 16.C 31 €.100 25.0 51.0 2 34  40.0 50.0 26 0,0u0 S.u 0.0
2 26 16.0 20.0 46 0,069 23.0 51.0 2 34 70.0 75,0 21 0,617 B.2 52.0
2 29  20.0 24.0 50 0,065 20.0 48.0 2 34 75.0 8.0 19 0,022 5.6 56.0
2 2¢ 24,0 28,0 €1 0.630 24.0 51.0 2 34 1CC.0 110.0 21 0.018 8.6 54,0
2 29 2H.C  32.0 51 0.0u8 25.0 50.0 2 34 130.0 10,0 22 0.718 11,0 66,0
2 29 32.6 36.0 €1 0.048 25.0 50.0 2 34 160.0 170.0 21 0.037 c.0 63.0
2 29 36.0 41.0 53 C.036 24,0 55.0 2 34 190.0 200,0 25 0,020 1.0 69.0
2 2¢ 41,6 50.0 L1 0,044 23.0 52.2 2 34 220.0 230.0 29 0,025 15.0 65.0
P 29  50.0 60.0 45 0.0139 21.0 5C.0 2 34 2u¢5.0 254.0 29 0.028 1.0 68.0
2 29 6G.0 0.0 su 0,023 23.0 49.0 2 34 258,00 260.0 24 0.019 13,0 76,0
2 29 70.0 89.0 4s 0,032 22.0 51.0 - 80 -
2 29 80.0 90.0 43 0.089 24,0 S2.0 2 GR3E 0.0 10.0 52 0.230 8.0 54.0
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CRUISE STATION INTERVAL WATER  HG cr R SHUISE STATICN Y NTERVAL WATER  HG ce NT
~0P BOTTOH ] PON 133 epn TGE BOTTOM % 1311 PPN 30
cH cH cn cn

2 3¢ 0.0 2.0 55 0,170 41,0 46,0 3 18 20,0 24,0 52 0.110 28,0 47.0
2 35 2.6 4.0 61 0,088 c.n 0.0 3 1 28.0 32,0 53  0.058 25.0 41,0
2 3¢ 8.0 6.0 63 0,060 24.0 39,0 3 1M 32,0 36.0 55 0,069 22.0 38,0
2 35 6.0, 9.0 62  0.057 24,0 37.0 3 14 0.0 50,0 g6 0,048 24.0 39.0
2 3¢ 8.0 10.0 61  0.047 24,0 37.0 3 14 50,0 60.C 45 0,044 19.0 38.0
2 15 16.0  12.¢ 61 0.046 23.0 35.0 3 14 68.0 75.0 36 0,039 13.0 26.0
2 38 12,0 1.0 €1 0,041 24.0 35,0
2 35 18,0 16.0 61  0.019 22.0 34,0 3 1% 0.0 2.0 67  €,360 28,0 47.0

3 15 4.0 6.0 78 0,390 28.0 us,0
2 GS36 0.0 10.0 5 0.160 43,0 54,0 3 1€ 8.0 10.0 65  0.450 27.0 44,0
Z 3€ C.0 2.0 s6 0,120 35.0 u8.0 3 15 12,0 14,0 63 0,390 26,0 46,0
2 16 Z.0 8,0 % 0.084 26,0 38.0 3 1€ 16,0 20.0 U 0.520 28.0 47.0
2 k13 4.0 6,0 53 0.064 20.0 27.0 3 15 20.G 24.0 6 0.170 25,0 41.0
2 36 6.0 8.0 49 0.060 25.0 36.0 3 1€ 28.0 28.0 61 0,170 24.0 41.0
2 k13 8.0 10.0 45 0.037 23.0 37.0 3 15 32.0 36,0 45 0,084 22,0 39.0
2 36 10,0 12,0 46 0,033 24,0 38.0 3 1€ 36.0 40,0 62 0.054 24,0 40,0
2 36 12,0 13.0 47 0,029 26.0 3€.0 3 15 40.0 50.0 53 0,059 20.0 83.0
2 26 18.0 21,0 u6  0.018 21,0 30.0 3 1€ 58,0 66.0 42 0,058 21.0 42.0
z 6GS37 0.0 19.0 47 0.560 39,0 43,0 3 27 6. 2.0 69 0.310 27.0 47.0
2 37 0.0 2.¢ 48 0.980 47-0 76.0 4 27 6.0 6.0 67  n,300 27.0 43.0
2 37 2.0 4.0 4a 0,780 40,0 70.0 3 27 8.0 10,0 62 0.290 25.0 43,0
2 37 4,0 6.0 37 0.210 21-0 40,0 3 27 12,0 4.0 53 0.220 21.0 37.0
2 37 6.0 8.0 39 0.120 16,0 39.0 3 27 16.0 20.0 €1 0.084 19.0 32.0
2 37 8.0 10.0 39 0,084 15.0 39.0 3 27 20.0 28,0 50 0,041 21.0 36.0
2 37 10,0  12.0 37 0.080 12.0 34,0 3 27 24.0 28,0 45 0,035 14.0 29.0
2 37 2.0 14,0 39 0,072 16,0 36,6 3 27 35.0 38.0 41 0,043 28,0 43.0
z 37 14,0 16.C 3% 0.082 16.0 3u,0
2 17 16.0 18,0 39 D.0u$ 18,0 37.0 3 29 0.0 2.7 57  0.34C 25,0 42.0
2 37 18.0 210.9 31 0.048 13.0 34,0 3 29 4.0 6.0 56 0,250 28.0 42,0
2 37 20,0 22.¢ 32 0.0 12.0 33.0 3 29 8.0 10.0 57 0.400 26,0 46.0
2 17 22,0 24,0 31 0.019 13.0 28,0 3 29 12,0 4.0 57 0.390 25.0 48,0
2 27 28,0 26.0 36 0,040 12.0 17.0 3 29 16.0 23.0 59 0.260 26,0 43,0
2 37 26,0 28.0 12 0,047 12,60 37.0 3 2¢ 24,0 28,0 sS4 0.09u 23.0 42.0
2 37 28,0 30,0 33 9.C52 13.0 37.0 3 29 32.0 36.0 51 0,067 23,90 45,0
2 37 30.0 32.0 3% 0.089 13,0 33.0 3 29  36.C 40,0 62 N,047 26.0 41.0
2 17 32.0 34,0 30 0,040 13.0 32.0 3 29 40,0 50.0 52 0,054 21.0 40.0
2 37 34,0 36.0 27 0.038 14,0 95,0 3 2¢  50.0 60.0 5% 0.079 24.0 40,0
2 37 3€.0 38.0 25 6.040 15.0 35.0 3 29 TC.0 77,0 38 0,040 15.0 29.0
2 37 38.0 40.0 2% 6.0137 16,9 35,0
2 37 0.0 62,0 21 0,042 15.¢ 23,0 3 31 0.0 2.0 53 0.1360 25.0 40.¢
2 37 42,0 44,0 1w 0.619 12,0 25.0 3 ER| 5.0 6.0 53 0,390 23.0 38.0
2 37 84,0 46.0 W 0,030 11.0 29.0 3 31 8,0 10.0 s4 0,370 24,0 43.0
2 37 46,0 48.0 19 0.015 14,0 36.0 3 31 12,0 14,0 52 0,420 26.0 50.0
2 37 48.C S1.¢ 21 N.0ue 13.0 32.0 3 31 16,0 25.0 57 0.290 25,6 44,0
2 37 51.0 54,0 17 9,040 13.0 31.¢ 3 31 26,0 28.C S5  0.200 22.0 4u,0
2 37 58,0 S57.0 21 0,019 12,0 30.0 3 31 32.0 36,0 56 0,140 24.0 49.0
2 37 57.0 59.0 20 9.043 14,0 35,0 3 31 40.0 S0.0 €3 0,071 22.0 45.0
P3 27 59,0 63.0 7 0,030 10.0 29.6 3 31 50,0 60.0 57 0.056 27.0 45.0
2 37 63.0 66.0 18 0,025 8.6 27.0 3 31 66.0 71,0 44 0.C52 19.0 42.0
2 37 66.0 68.C 22 0.044 12.0 29,0
2 37 68.0 70.0 26 0.024 11.0 27.0 3 43 0.0 2, 60 D.360 26.0 47.0
2 37 7.0 73.0 21 0,001 10.0 27.0 3 43 8,0 6.0 68 0,350 28,0 48,0
2 37 73.0 0 76.0 22 3,020 14,0 41,0 3 43 8.0 16.0 61 0.370 24,0 43,0
2 37 76.0 78,0 3¢ 0.086 17.0 13,0 3 43 12,0 14,0 55  C.240 26.0 44,0
2 37 78.0 80,0 30 0,059 18.0 36.0 3 43 16,0 20,0 6 0.170 24.0 48,0
2 37  80.0 82.0 30 ¢.057 18.¢ 37.0 3 43 20.C 24.0 4 0.037 26.0 39.0
2 37  82.0 84.0 32 0.06y 21.0 40,0 3 43 28,0 28,0 3% 09.036 26.0 40.0
2 37 84,0 86.0 29 0,046 20.0 34,0 3 43 28,0 32.C 39 2,032 0.0 0.0
2 37 8.0 88,0 30 0,250 22.0 37.0 3 4z 32,0 135.0 37 0.048 32.0 47,0
2 37 88,0 90.0 28 0,061 20.0 48,0
2 37 90,0 92.0 23 6.032 17.0 31.0 3 4s ¢.0 2.¢ 59 0,410 28,0 44,0
2 37 92,0 94.0 26 0,045 c.0 36.0 3 45 4,0 5,0 57  0.400 20,0 45,0
2 37 9.0 96.0 27 0,051 27.0 40.0 3 Y 8.0 10.0 57  0.420 25.0 w6
2 37 96,0 98.C 3% 0,029 17.0 38.0 3 45 12,0 14,0 54 0,320 28.0 43,0
2 37 98.0 100.0 8 0,090 23.0 42,0 3 45 16.0 20,0 £9 0,250 27.0 45.0
2 37 100.0 102.0 44 0,052 22,0 36,0 3 45  24,C 28.C 58 €.150 27.0 45,¢
2 37 1C2.0 104.0 45 0.056 23.0 44,0 3 4E 32,0 36.0 € 0.094 27.0 43,0
2 37 104.0 106.0 85 0,054 11,0 36,0 3 45  4€¢.0 50,0 50  0.060 25.0 45.0
2 37 106.0 108.C 43 0.045 25.0 4C.0 3 4t 50,0 60,0 61 0.0u48 0.8 37.0
2 37 108.0 110.C 45 0,066 32.0 39.0 3 45 80,0 68.0 40 0,058 16.0 29,0
3 11 6.0 2.0 64  0.280 28.0 40,0 3 47 0.0 2.0 69  0.380 27-0 41,6
3 11 4.0 6.9 66  0.310 28.0 4t,0 3 47 4.0 6.0 48 0.340 25.0 28.0
3 11 8.0 10,0 €2 0.310 26.0 43,0 3 47 8.0 10.0 84 0,340 25.0 39.0
3 1 10,0 12,0 58 0.220 2640 38.0 3 47 12,0 14,0 4t 0,210 24,0 39.0
3 11 12,6 14,0 49 0.140 22,0 37.0 3 47 16,0 20,0 51 0.120 25.0 43.0
3 11 16.0 23.0 4 0.076 23.0 40,0 3 47 24,0 28.0 53  0.097 26.0 43.0
3 1 20,0 24,0 54 0.032 24,0 37.0 3 47 32,0 36,0 52 0,072 23,0 42,0
3 11 28,0 28.C 50 0,043 22.0 40.0 3 47 40,0 46,0 45  0.063 21.0 29,0
3 11 28.0 32.0 56 0.038 19.0 35,0

3 59 0.0 2.0 46 0.270 25,0 44,0
3 12 0.0 2,0 ¢ 0.230 25.0 41,0 3 59 4.6 6.0 52 0.220 25,0 44,0
3 13 4,0 6.0 51 0.250 24,0 39.0 3 5 8.0 10.¢ 41 06,079 26.0 88,0
5 13 8.0 10,0 48 0,230 25.0 38.0 3 59 10,0 12,0 B 0.069 s.0 42.0
3 13 10.0 12,0 50 0.130 23.0 39.0 3 5S¢ 12,0 14,0 2 0,032 24.0 42.0
3 13 12,0 14,0 51 C.160 27.0 39.0
3 13 16.0 20.0 51 0,110 25,0 81,0 k] 61 0.0 2.0 52 0.140 29.0 46.0
3 1T 20.0 24.0 €2 0.075 24,0 38,0 3 61 4.0 6.0 43 e.100 29.0 86.0
3 13 2.0 28.0 53 0.078 26,0 40.0 3 61 6.0 8.0 8 0.310 28.0 45,0
3 12 32.0 36.0 55 0.067 23,0 42.G 3 61 8.0 10.0 32 0.230 26.0 45,0
3 13 40,0 50.0 52  0.055 27.0 46,0 3 61  10.6 12.0 18 0.140 23.0 43.0
3 132 5G.0 6AG.0 45 0.0u8 20.0 35,0 3 61 12.0 1,0 (113 c,0u45 24,0 u2.0
3 13 AE.0 72,0 33 0,043 17.0 31.0 3 61 14,0 16,0 49 0,091 22.0 43.0

3 61 16,0 20.0 45 0.090 24.0 45.0
3 14 0.0 2.0 43 0.180 19,0 32.6 3 61 24,0 28.0 46 0.079 26,0 46,0
3 Ty 4.0 6.0 43 0.200 20.¢ 38,0 3 61  36.0¢ &0.0 5t 1,068 25.0 46,0
3 14 8.0 1.0 45 0,260 23.0 39.0 3 61 u6.0 52.0 58 0.061 26,0 44,0
3 1 12.0 4.0 46 0.200 28.0 46.0 -~ 81 -~
3 14 16,0 20.0 50 0.140 27.0 43,0 3 3 0.0 2.0 59  6.390 2640 52,0
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163

105

TNTERVAL
TOP  BOTTOM
cn [of ]
4.0 6.0
a.0 12.0
12.0 4.0
16.0 20.0
24,0 28.0
28.0 32.¢
32.0 36.0
36.6 #3.0
40.0 S0.0
S8B.0 66.0
0.0 2,0
4.0 6.0
8.0 10.0
12.0 14,0
16.0 20.0
24.0 26.5
0.0 2.0
2.0 4.0
4.0 6.0
6.0 2.0
R.0 10.0
0.0 12.0
12.0 .0
14.0 15,0
16.0 20,0
20,0 24.C
24,0 28.C
28.0 32.0
32.0 37.¢
0.0 2.C
4.0 6.0
B0 10,0
12.0 1.0
16.0 20,7
20.0 248.0
28.0 28.0
2.0 36.°C
3.0 40.0
4G.0 5C.0
57.0 6u.0
6.0 .0
2.0 4.0
4.0 6.0
6.0 8.0
8.0 1.0
10.0 12.0
12.0 14,0
14.6 16.0
16.0 2C.0
20.0 24.0
28,0 28.0
28.0 32.0
32.0 36.0
36,0 #0.0
40.C  44.0
0.C 2.0
2.0 4.0
4.0 5.0
6.0 8.C
8.0 10,0
1.0 12.0
12.C 1.0
4.0 6.0
16.0 20.0
20.0 24,0
24.0 28.0
28.0 32,0
312.0 35.C
n.0 2.6
2.0 4.0
u.G 6.0
6.0 8.0
8.0 16.0
10.0 12,6
12.0 14.0
1.0 16,0
16.C  20.0
20,0 24,0
25.C 28.0
28.0 32,0
32.0 36.0
36.0 40.C
40.0 5C.0
50.0 6n.0
6.6 2.0
4.0 6.0
8.0 10.0
12.0 14,0
6.0 20.0
0.0 2,0
2.0 4.0
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WATER
%

60
57
55
A1

HG
Ppn

0.350
0.360
0.340
0.270
0.210
0.110
0.078
0.079
0.068
0.071

0.310
0.3u0
0.380
0,210
0.210
0.110

C.320
0,390
0.350
0.42C
C.320
0.290
0.190
n.130
0.160
0,002
0.079
0.070
0.066

0.370
0,390
C.390
0.370
0.370
0.2u0
0.140
0.093
0.067
0.065
0.Cé60

0.4 60
0.480
0.370
n.040
0.430
0.310
n.320
0.230
0.210
0.130
0.120
Q0.150
0.073
0.£57
G.100

0.3R0
0.380
0.400
0.u0r
0.270
0.210
0.220
0.180
0.170
0.130
0.150
0.0u3
0.130

D.460
N.390
0.450
0.520
g.400
0.380
0.u4C0
0.390
0.290¢
0.240
0.160
0.c81
0.03e
0.038
0.011
0. 160

0.3u0
0.330
0. 330
0.360
0. 180

Q.22¢
0.240

ce
PPN

2s.¢
25.0
19.C
25,0
25.0
22.0
24.0
22.0
25.0
25.0

27.0
26.0
27-0
25.0
26,0
27.0

24.0
25.0
24.0
24,0
22.0
20.0
2.0
22.0
23.0
25.0
22.C
20,0
21.0

26,0
25,0
27.0
26,0
2%5.0
24,0
24.0
24.0
23.0
26.0
21.9

25.0
23.0
22.0
23,0
20.0
2C.0
24.0
21.0
21.0
19.0
2C.0
21.0

0.0
22.0

0.0

23.C
24,0
22.0
23.0
6.0
23.0
22.C
22.0
26.0
24.0
27.0
22.0
20.0

21.0
240

Nr
reM

43,0
41.6
42.0
41,0
42.0
41.0
45.0
40.0
44,0
43.0

41,6
41.0
41.0
4C.0
41.0
82,0

417.0
41.0
37.0
39.C
39.0
36.0
40.0
37.0
41.0
41.0
44.0
41.0
43.0

41.0
41.0
41,0
42,0
40.0
41.0
41.n
41.0
44,0
43.0
3E.0

41,0
39.0
3R.0
41.0
38.0
81.0

€.C
38.¢C
38.C
35.40
317.0
37.0
37.0
41.0
18.C

42.0
41,0
36.0
37.¢
27.0
37.0
35.0
38.0
42.0
4C.0
44,0
33.0
u4¢.0

2R.0
39.0
31.0
37.0
35.0
31.¢
3C.C
38.0
2840
31.0
33.0
32.0
31.0
24.0
27,0
1.0

36.¢
37.¢
21.0
3.0
37.¢0

19.0
18.0
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122
122
122
122
12z
122
122
122
122
122

12¢
125
12¢
125
12¢
125
12¢

13¢
138
138
138
13€
138
138
138
13¢
138

14c
14c
140
14C
140
14
14cC
148¢
1uQ
e
140

141
141
T4
141
141
141
141
Tut
141
141
14t

142
14z
142
14z
142
14z
142
sz

145

146
Tu€
146
14€
146

INT
0P

60.0

12.C
16.0
28.0C
3.0
40.0
66 .0

0.0
4.C
8.0
12.0
1€.0

RPPENDIX 2 (CONTINUED)

ERVAL
BOTTOM

1]
6.0
a.0
0.
12.0
14,0
16.0
20.¢

WATER
%

30
29
26
27
27
27
33
31
~9
25

62
45
39
29
28
27
26
Kk}

us

HG
13:4:1

0.230
0.160
0.110
0.049
0.0u7
N.064
0.052
0.065
0.0683
0.07%

0.300
0.290
0.2u0
0.180
0,100
0.035
0.019
0.037

0.190
N 110
0.685
0.082
0.080
0.055
c.069
0,046
0.035
n.032

C.260
0.280
0.260
0.240
0. 180
0.120
0.067
Q.064
0.048
0.054
0.049

0.260
0.290
0.250
0.250
0.160
0.100
0.068
0.065
0.037
0.C36
0.024

0.210
0.210
€.220
n.14¢
0.062
0,049
0.049
Q.Cu1
0,C2u
Q.042
0.041

0.200
0.210
0.210
0.210
0,190

9.210
0.290

0.280
0.180
0.11¢C
0.07%
0.043
0.045
0.037
0.03%

0.220
0.190
0.110
0.064
0.055
¢.050
0.044
2.038
0.0u6

0.074
0.069
0.062
0.054
0.052

n
o

pen

By PR

..

WX g d I~y d@D
DX XE DN D w N W

24.0
21.0
19.¢C
20.0
15.0

23.0
26.C
4c.o
26.0
24.0
21.0
21.0
16.0
17-0
16.0

8.2

22.0
23.0
22.0
18.0
19.0
21.6
17.0
19.0
15.0
26.0
18.0

LS
PPN

15.0
16.0
13.0
.0
15.0
16.0
15.0
18.0
18,0
19.0

32.0
22.0
21.0
19.0
19.0
M.0
12.0
33.0

44.C
48,0
45,0
42.0
45.C
36.0
36.C
35.G
33,0
32.C

4¢.0
39.C
39,0
39.0
40.0
39.0
42.0
39.0
36.0
35.0
28.0

39.0
40,0
47-0
u7.¢
41.¢
18,0
37.0
36.C
36,0
29,0
17.0

40.0
39.0
38,0C
3u.¢
38.0
38.0
6.0
36.0
29,0
.
40.0

46.C
45.0
38.0
45.0
43,0

44,0
41,0

37.0
34.0
30.0
31.0
26.0
28.0
32.0
33.0

41.0
41,0
36.0
36.C
36.0
15.0
35.C
3.6
38.0

3%.0
40.0
u2.0
40.C
40.0
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149
19
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15C
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APPENDIX 2 (CONTINUED)

INTERVAL
TOP EOTTON
(8], ] ca
26,0 28.0
32.0 36,0
4c.0 46.0
0.0 2.0
4.0 6.0
8.0 10.0
12.C 14,0
16.C 20.0
24.0 28.0
26.0 32.0
32.0 36.0
36,0 39.0
39.0 42,0
0.0 2.0
4.¢ 6.0
8.0 10.0
12.0 1.0
16.0 20.0
20.0 24.0
2u,0 28.0
3.0 36.0
26.0 40.0
46,0 50.0
50.0 60.0
76,0 79,0
6.C 2.0
4,0 6.0
.0 1).0
1.0 12.0
17.0 W, 0
16,0 20.N0
20.0 26,0
2,0 27.0
€.C 2.0
7.0 4. ¢
6.0 8.0
u.0 6.0
.0 10.0
1.0 12,5
n.0 2.0
2.0 4.0
r.e 6.0
6.C 8.0
8.0 10.0
10.0 12.0
17,0 1,0
14.0 16.0
16.0 20,0
26.0 24,0
u,0 28,0
28.0 32.0
32.0 37-0
37.0 42,0
0.0 2.0
2. 4,0
4.0 6.0
6.0 B.O
8,0 10.0
6.0 12.0
12.C 4.0
1.0 6.0
0.0 2.0
2.¢ 4.0
L0 6.9
G.0 8.0
A.0 10.0
0.6 12.0
12,0 w.n
.0 16,0
0.0 2.0
2.0 4.0
4.0 6.0
6.0 8,0
8.0 10.0
0.C 2.0
2.0 4.0
u,C 6.0
6.0 8.0
8.0 10,0
1.0 12,0
12.0 14,0
e, 16.0
16.0 20,0
2.0 24.0
24,0 28,0
28.0 32,0
36.0 40,0
4.0 352.0
.0 2.0
2.0 4.0

WATER
*

41
48
u?

32
27
27
32
34
29
27
30
26
25

47
4u
45
47
47
9
43
38
34
18
31
40

50
u8
u7
43
42
40
33
25

37
36
29
33
29
26

HG
PER

0.047
o,0u8
0.0u9

0.110
G.110
0.094
0,140
€. 150
0.110
0.075
2.07%
0.066
0.052

0.220
0, 190
0.170
0.17C
0.220
0.071
0.058
0.0ué
0.043
0.04n
0.027
0.033

0.320
0.320
0.250
0.120
0.045
0.038
6.021
0.026

0.130
G.130
0.067
0. 100
c.084
9.035

¢.710
0.570
1.400
0,440
0.810
0.410
0.370
0.550
2.600
0.410
0.360
0.610
0.260
0.280

0.330
0. 140
0.180
0.034
0.150
0.030
0,078
0.100

0.400

0.270
0.660

0.130

0.071

0.087

0.67C
0.570

37.6
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APPENDIX 2 (CONTINUED)

ERVAL

ch
6.0

-
o

WATER
*

15

22

86
pen

0.510
0.630

0.890
0.850

2,300
1.500
2,100
2,200
2,100
2.700
1.400
0.950
0.220
0.062
0.09¢
C.038
0.0u0
0.046
0.0u8
0.0482

Q.u00
0.310
0.360
0.049
0.G83
0,059
0.110
0.060
0,110
0.066
C.046
0,066
0.048
0.0

0.060

0.730
0.770
0.970
0,630
0.360
1.200

0,960

0.660C
0.500
0.180
¢.070
0.069
g.cas
0,110
0.081

0.290
0.052
0.110
0.056
0.180
0.0480
0.058
C.430
0.170
0.037
0.cu8
0.0

0.053
0,083
0.0

0.076

1.600
0.150
0. 160
0,055
0.078
0,052
0.043
0.068
0.029
0.040
0.042
0,140
0.046

2,000
1.500
2.10¢
1.900
2,200

1.800-

2.900
2,400
2.800
2,20C
1. 600
1,700
2.400

11.0

13.0
22.0
1.0
8.4
12. ¢
12,0
15.¢
17.0

150.0
150.0
110.0
110. 0
112¢.0
150.C
18.0
100.0
84.0
27.0
16.0
15.0
16.0
15.0
13.0

319.0
21.0
20.0
2C.0

-

a0

B ODONENDDO N
..
DIVODWDNAUNOU (o]

-

o »

41.0
Q.0
41,0
37.0
41.0

NI
3

32.0
47.0

9% .0
82.0

98.0
58.0
66.0
50.0
58.0
51,0
47.0
44.0
6u.0
12.0
25,0
10.0
12.0
1%u.¢
15.C
16.0

83,0
49.0
47.0
12.0
18.0
12.0
22.0
18.0
32.0
21.0
17.0
21.0
2C.0
22.0C
26,0

140,.0
120,0
120.C
110.0
11040
120.¢
42,0
11C.0
71.0
36.0
34,0
33.0
43.0
35.0
RO

47,0
34,0
39.0
48.0
28.0
23.0
82,0
17-0
33,0
30.G
20.0
25.0
23.0
24.C
29.0

c.o

19.0

9.7
24.C
17.0
21,0
1.0
11.0

0.C

8.7
18.0
15.0
30.0
17.0

57.0
45.C
45.¢C
58.0
53.0
42.0
56.0
70.0
57.0
53.0
51.0
55.0
71.0
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16
1€
16
1€
16
1€

17
17
17
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17
17
17
17
17
17
17
17

18
18
18
18
18
1¢
18
18
18
1€
18
1€
18
1£

19
19
1<
19

INT
TOF

cn
36.0
40,0
5C.0
60.0
7C.0
an.¢
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APPENDIX 2 (CONT INUED

ERVAL
BOTTON

cn
40,0
S0.0
62.0
70.0
8l,0
87.¢

23.0
32.0

WAT EP
%

49
u7
ub
40
40
41

uz
38
26
31
37

"

19
15
15

HG
PPN

2.200
2.400
2.400
0.890
0.8130
0.940

2.600
2,100
2,800
2,000
7.800
4,000
1.900
0.630
0.560
9.330
0,110
0.150

6.u50
0.500
0.75%0
0.560
0.720
0.490
0.530
J.600
0.u90
0.390
0.580
0.490
0.280
0.12¢

2.000
G.750
C.820
1.200
0.990
0.739
0.650
0710
0.550
0.780
1.700
1. 400
1.600
0.300

0.130
0.048

0.07%

0.380

¢.054
0.044
0.068

1.500
4.500
1.200
2.100
1. 500
1.460
1. 100
0.630
C.490
0.190
6.11¢C
c.07

3,200
1.500
1.900
1.200
1.200
0.750
0.660
0.560
0.290
0.065
0.400
Cc.630

CcR
epn

37.0
18.0
46,1
29.0
29.0
30.0

11C.0
83.0
79.0
69.¢C
85,C
120.0
61.0
27.¢
23.0
26,0

7.9

17.C

110.0
80.0
8.0
95.¢
77.0
69,0
51.0
15.0
10.0
11.0

86.0
110.¢C
110.0

80.0

80.0

64,0

73.0

58.C

21.0

9.3
5C.0

72.C

NT
Ppn

51.0
66.0
59,0
46.0
51.0
54.0

110.0
89.0
ec.o
66.0
99,0

140.0
64.0
28,0
27.0
23.C
18.0
2.C

36.0
38.0
58.0
56,0
56,0
47.0
u7.0
53.C
58.0
ue.c
52.0
43,0
31.¢
29.0

62.0
51.0
64.C
52.0
57.0
uy,C
51.C
58,0
50.0
42.0
61.0
39.0
48.0
4c.cC

11.C
26.C

13.0
1.
16.0
14,C
12.0

8.0

91.0
73.0
66.0
48,0
50.0
28.0
40.0
29.C
21,0
20.0
18.C
27.¢

76,0
87.0
96.0
a0.0
9c.0
68,0
7C.0
56,0
46,0
22.C
17.6
20.C

23,0
3t.0
84.GC
70.0
78.0
59.C
55.C
51.0
29.C
15, ¢
45.0
59.¢
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APPENDIX 2 (CONTINUED)

TNTERVAL
TOF BOTTOM
(o :} cu
32.0 36.0
36.0 40,0
40.0 u4.0
0.0 2.0
2.0 4.0
4.0 6.0
6.0 8,n
8.¢ 10,0
1.0 12,0
12.0 1w.0
.0 16.0
6.0 20.0
20,0 28.0
28.0 32.0
32.0 36.0
46,0 50.0
50.0 58,0
.0 2.0
2. 4,0
4.0 6.C
6.0 8.0
A.C 10.0
1.0 12,0
12,0 4.0
.0 16,0
16.0 20.0
20.0 24,0
28.0 28.0
28,0 32.0
22.0 36.C
36.0 3.0
40.0 42.5
0.0 2.
2.0 4,=
0.0 1.5
1.5 3.0
0.0 2.0
2.0 4,0
0.0 2.0
2.6 4,0
8,0 6.0
6.0 a.0
8.0 10.0
10,0 12,0
12.0 14,0
14,0 16.0
1€.0 20,C
20.0 24.0
2.6 28,0
20,0 32.C
0.0 2.0
.0 4.0
4,C 640
€.0 8.0
8.0 10.0
1.0 12.0
2.0 4.0
.0 16.0
1.0 19.0
1¢.0 210
0.0 2.0
2.0 4.0
4.0 6.0
£.0 a.0
.0 10,0
10,0 12.0
12,0 w0
.0 16,0
1€.0 20.0°
20.0 24,0
24.0 2R,0
28.0 32.0
32-0 36.0
36.0 40.0
4C.0 50,0
5¢.0 56.0
0.0 2.0
2.0 4,0
4.0 6.0
6.6 8.0
8,0 10.0
0.0 12.0
12.C 14,0
1m.c 6.0
1€.0 20.0
2.0 24.0
28.C 32.0
3.0 40.0
4.0 50,0
5C." 60.0
6C¢.0 70.0

#AT ER
¥

43
27
17

43
50
u6
45
41
43
47
41

49
L)
51
50
38
1€

17
40
u2
ug
u7
46
4u
43
L1

HG
FPM

0.360
0.150
C.0u6

1.900
1.200
1.000
0.820
1,C00
2,000
1.700
1.500
1,400
1.600
1.300
0,480
0.260
€.013

2.400
2,300
2,300
2,300
2.100
2,200
2,000
0.980
1.100
¢.R50
0.590
0.460
0.099
2,016
¢.024

€,110
0,180

0.027
0.007

¢.170
0.075

2.500
1.600
2.600
1.400
1.100
1.100
0.310
0.130
0.017
0.012
0.017
0.032

2,500
2.000
2.400
1.100
O.ut0
0.190
0.590
0.230
0.17G
6,130

2,400
1.400
2.100
1,000
1.700
0,960
0.990
1-900
1.700
1,600
1.500
1.600
0.680
0.840
0.058
0,009

3,300
3. 200
2.200
1. 500
1.800
1,200
1.100
1. 400
1.900
1.300
0.520
1.900
1.800
1. 10Q
0.200

0.0

180.0
180.0
160.0
130.0
S0.0
22.0
46,0
w0
9.2
8.9

17¢.0
11C.0C
15C. C
87.0
$3.0
61.0
51.0
99.0
97.0
91.0
130.0¢
110.C
3%.0
160.0

B.1

7.7

we.0
25.0
150.0G
12.0
21.0
19.0
12.0
780.0
140.0
8.9
38.0
26.0
120.0
70.0
15.0

NI
PPN

84,0
20.0
12.0

63.0
81.C
68.0
52.0
64.0
7C.0
72.0
57.0
63.0
77.0
69.0
56.0
40.0
11.0

120.0
97.¢
120.0
110.0
97,0
83.0
79.0
77.0
56.0
52,0
41,0
35.0
12.6
7.1
9.4

16.0
21.0

55.0
46,0

17.0¢
20.0

130.0
97.C
93.C
65.0
5240
30.C
18.0C
20,1
15.0
24,0
16.¢
100.0

110.0G
1e-¢
96.0
78.0
44,0
25.0
49,0
18.C
16.C
15.0

110.0
78.0C
97.0
63,0
72.0
3.0
47.0
77.0
76.C
76.0
86.0
75.0
53.0
160.C
14.0
13.0

100.0
36.0
1no.r
20.G
95.0
37.0
29.0
78.0
84.0
13.0C
3.0
38.0
85.C
52,0
27.0






