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EXECUTIVE SUMMARY

This project was undertaken to define an offshore region in the western
basin of Lake Erie that when sampled during future monitoring programs will
provide information on water quality and aid in tracking long term trends.
El-Shaarawi (1984), Rosa and Burns (1986) and Rosa (1986) have completed similar
projects, defining central and eastern basin representative areas. Although the
methods employed by these researchers varied, the zones that they defined were
geographically very similar. The offshore central and eastern basin regions
were selected based upon their epilimnion and hypolimnion stability.

The determination of an offshore region in the western basin is complicated
by its shallowness and variable flow regime. As a result of its shallowness,
storm activity creates a strong interaction between the water column and the
unconsolidated sediments, with sediment resuspension frequently occurring. This
introduces a great deal of variability into the water column chemisty. Another
complication in defining a representative open water region is the variable
mixing patterns between the high flow, oligotrophic water coming from the upper
lakes via the Detroit River and the low flow, eutrophic water of the western
basin tributaries (ie. Maumee River).

To deal with the diverse water quality of the western basin, the entire
historical data base (1947-1984) obtained from STORET was examined and modified
to accomodate the specific objectives of this study. The protocol developed by
El-Shaarawi (1984) was utilized to cluster the data and determine the optimum
offshore sampling region. The station pattern and the number of surveys to be
sampled annually were determined via the clustering program, FASTCLUS (SAS).

Considerable effort was devoted to inventoring the STORET data base (Tables
1 - 23 ) and determining the variables with consistent quality and quantity for
utilization in the multi-variable cluster. As with most statistical techniques,
it is best to use variables that permit the formation of a complete matrix (ie.
no missing values). Once the appropriate variables were determined, several
preliminary tests were undertaken on the individual data sets in order to
improve the performance of the clustering program. For example, standardization
and log-transformation of the data were necessary prior to multi-variable
clustering in order to eliminate biases in the calculation of Euclidean distance
which result from differences in measurement.

After the offshore sampling region was defined, the resulting offshore
cluster was subsequently sub-clustered to determine the appropriate number of
stations necessary to adequately sample the region. Five stations, within the
representative area, were sufficient (Table 49) to provide a standard deviation
equivalent to the original cluster. The optimum number of surveys required to
estimate the annual variability was determined on a seasonal basis. The spring
season (April- May) was found to be the most variable period and therefore
requires the greatest number of surveys. The summer had the lowest variance and
the fall season was only slightly more variable. A minimum of seven surveys
were recommended.
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INTRODUCTION AND METHODS

STUDY OBJECTIVES

This study was designed to determine a western basin representative
offshore region to be used in the Lake Erie surveillance/monitoring program
(GLISP, 1986). Based upon extensive data reviews and analysis of the central
and eastern basins, surveillance/monitoring strategies have been established for
these two areas (El-Shaarawi 1984, Rosa and Burns 1986, and Rosa 1986). These
studies geographically defined and physically and chemically characterized an
offshore region and ultimately developed a sampling protocol which could be used
to characterize the open water region of the respective basin. This study is
designed to yield similar information for the western basin.

GENERAL BASIN DESCRIPTION

The natural morphology of Lake Erie divides the lake into three distinct
basins; western, central and eastern. The following descriptive information on
the individual Lake Erie basins is taken from Burns (1976).

Total
Lake

West

Basin

Central

Basin
East

Basin

Surface

Area (km2) 25,212.0 3,680.0 15,390.0 6,150.0

Volume (km3) 468.0 28.0 274.0 166.0

Mean Depth (m) 18.6 7.6 17.8 27.0

Max Depth (m) 64.0 14.0 26.0 64.0

Mean Residence

Time (yr)
2.4 0.2 1.4 0.8

This report specifically focuses on the smallest and shallowest of the
three basins, the western basin. This basin is boardered by the province of
Ontario to the north and the states of Michigan and Ohio to .the west and south
respectively. The boundary between the western and central basins (Figure la)
follows the 10 meter contour line (northeast - southwest) from Marblehead, Ohio
to Pelee Point, Ontario (Sly 1976). The bottom morphology of the basin is
generally flat with nearly 50% of the basin within the 5-10 meter contour. The
surficial sediments are a mixture of sand, silt and clay, with clay comprising
40-60 percent (Thomas et al. 1976).
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The general circulation pattern through the western basin is dominated by
the Detroit River flow, with approximately 80% of the water entering the basin
orginating from this source. The flow from the Detroit River dominates the
northern two-thirds of the basin while the Maumee River and the smaller southern

tributaries influence the southern portion of the flow pattern (Figure lb). The
net western basin water movement is from west to east; entering the central
basin through the north and south passages (north of Pelee Island and south of
Kelley's Island). Nearly the entire volume contributed by the Detroit River
leaves the basin through the north passage making this the dominant outflow
channel (Saylor and Miller 1983).

The water quality in the offshore region of the western basin is considered
to be the poorest of the three basins. It is not uncommon for phosphorus,
nitrogen, suspended solids and chlorophyll concentrations to be two to three
times the values encountered in the central and eastern basins. The poor water
quality of the western basin can be attributed to the large metropolitan,
industrial and agricultural development found within the basin watershed. This
subsequently results in significant loads of nutrients and contaminants to the
waters of the western basin.

The St. Clair / Detroit River Connecting Channel serves as the link
between Lake Erie and the upper Great Lakes. The water quality leaving Lake
Huron is quite good, being low in nutrients (ie. total phosphorus < 5 ug/1) and
contaminants. However, from the time Lake Huron waters enter the connecting
channel they receive a myriad of industrial and municipal wastes (IAGLR , 1985).
Consequently, the connecting channel has been the major pollutant source to Lake
Erie from the time the basin first became inhabited. Although the
concentrations of many pollutants are low, the quantity of water leaving the
Detroit River is so great (> 6,000 m,3/sec) that the resultant loading to the
western basin is quite significant.

Prior to the upgrading of the Detroit sewage treatment facility, the major
single nutrient contributor to the basin was the Detroit River. During the late
1960's and the early 1970's the total phosphorus loading from the Detroit
exceeded 20,000 mt/yr (Surveillance Work Group, 1983). However since the
establishment of a new municipal treatment facility for the city of Detroit, the
Detroit River phosphorus loading has decreased from a maximum in 1973 (13,169
mt/yr) to a low value of 4,799 mt/yr in 1980 (Yaksich et al, 1982).
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In contrast to the connecting channel, the remaining tributaries emptying
into the western basin are quite small in regard to flow and consequently have
not been considered to have a significant basin wide effect.

TRIBUTARY LOCATION MEAN

m

FLOW

3/sec

Detroit Michigan/Ontario 6 ,000

Huron Michigan 20

Raisin Michigan 29

Ottawa Michigan/Ohio 5

Maumee Ohio 204

Portage Ohio 16

Taken From GLISP (1986)

These small tributaries have always had significant localized effects,
particularly since most rivers drain agricultural lands and serve as a waste
depository for the local municipalities (ie. Maumee River - Toledo, Ohio).
Even though it appears that the flow of these tributaries is insignificant in
comparison with the Detroit River flow, the concentrations of nutrients and

<* suspended matter are 5 to 10 times the concentrations found at the mouth of the
Detroit River. These smaller rivers may not impact the western basin to the
same degree as the Detroit River, however their combined input does have a
significant effect. For example, during peak runoff (late February - March)
satellite imagery of the basin clearly shows extensive plumes extending from the
river mouths into the open waters of the basin^on,i^a^)

As mentioned previously, the western basin presents significantly different
problems from those encountered in the central and eastern basins. Due to the
very heterogeneous and complex nature of western basin water quality, the
selection of an open water station pattern for surveillance/ monitoring is not a
simple task. Three general statements can be made about the water quality of

«x the basin.

1. The water quality in the northern section of the basin is better
than that of the southern portion. This can be attributed to the
dilution factor associated with the large volume of water being
carried into the western basin via the Detroit River. Nevertheless

^ the Detroit River serves as a primary contaminant and nutrient
loading source to Lake Erie (Figure lb).

2. The shoreline region along the U.S. portion of the basin exhibits
concentrations of nutrients, suspended solids and chlorophyll as
large as ten times the open water values.

/%»

/^s

3. There is a general improvement in water quality as one moves from
the western shoreline into the central basin.
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The objective of this project was to determine a station pattern which will
generate a data base representative of the western basin open water conditions.
Current information together with the historical data base could then be used to
develop long term basin trends. Due to the high spatial and temporal
variability characteristic of the basin, both frequency and number of sampling
locations needs to be proportionally greater than what has been determined for
the central and eastern basins.

STUDY PLAN

The STORET western basin data base was acquired from the USEPA Large Lakes
Research Station at Grosse lie. The study plan followed the flow chart in
Figure 2. The geographical distribution of the data was determined by plotting
the station locations on a standard Western Basin chart. Next, inventories of
the limnological variables were made and continuity of the data was determined
seasonally and annually. This review of the data base was necessary in order to
select variables which would be most appropriate for inclusion in the multiple
variable cluster analysis. The protocol followed for the cluster analysis was
the procedure developed by El-Shaarawi (1984).

Finally, a station pattern was determined for future surveillance programs
that would provide the appropriate data base from the open lake representative
clustered area. In addition, seasonal variablity was determined in an attempt
to ascertain the number of surveys that would be required for future sampling
programs.
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RESULTS AND DISCUSSION

DATA BASE INVENTORY

This study followed a systematic progression designed to evaluate the
western basin data retrieved from STORET. Descriptive statistical information
was assembled for over 150 variables contained within the data set (Table 1).
The file contained a total of 496 stations distributed throughout the western
basin. Station codes which included location information (latitude and
longitude) were used to plot station positions on a U.S. Great Lakes "West End
of Lake Erie" chart ( 14830). Results indicated that the largest percentage of
stations were located in the region extending from the mouth of the Detroit
River along the western shoreline to Toledo, Ohio. The fewest number of
sampling records were found along the southern third of the basin, along the
Ohio shore.

Of the 150 variables recorded in the western basin data set, only 21 were
examined in detail. The 21 variables were selected based upon completeness of
the data over the period of record from 1947-1984, the total number of values
recorded on a yearly basis and the appropriateness for defining an offshore
representative region. None of the metals, organics, or sediment contaminant
data bases were considered adequate for this task, consequently the variables
selected were a combination of conservative and non-conservative (biologically
active) conventional chemical measurements.

The western basin data recorded from 1947 through 1984 indicated that the
majority of the information was collected during the 1960's and 1970's (Tables
2-23). Only temperature had a continuous data base through the period of
record; containing the largest number of data points (N = 10,101). Generally,
individual stations did not have continuous data over the period of record (1947
- 1984) and data was frequently limited to 1 to 5 year time periods.

One specific western basin study had a significant impact on the overall
data set. During 1978 and 1979 an intensive nearshore study was undertaken;
having an intense station pattern concentrated within 10 km of shore. This
study accounted for up to 600 data points annually for the two year period.
Lack of a comparably intense data base for the open waters of the basin
decreased the usefullness of this data set in defining an offshore region.

The entire data set was examined for possible seasonal influences. In
order to obtain a general understanding of the seasonality, individual variables
were inventoried based on a four season partitioning format:

SEASON 1 JANUARY - MARCH
SEASON 2 APRIL - MAY
SEASON 3 JUNE - SEPTEMBER
SEASON 4 OCTOBER - DECEMBER
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It was evident that the largest proportion of the data was collected during
SEASONS 2 and 3 and the fewest values were recorded during SEASON 1 (Tables
2-23). For example, less than 3% of the temperature data was collected during
SEASON 1 while over 80% was collected during SEASONS 2 and 3.

In addition, Tables 2-23 contain yearly data summaries developed for each
of the 21 variables examined. Since the seasonal component influences nearly
all the variables, monthly data was summarized for the period of record to help
elucidate how the various seasons effected data variability. The data is
presented in a modified notch block format, showing the range of values, mean,
median, 25th percentile, 75th percentile and the number of samples (N). An
example of this plotting format is presented in Figure 3 and the monthly
statistics for the major variables are presented in Figures 4-24. The following
text contains a brief description of each variable inventoried. Those variables
labeled with an (*) were considered for inclusion in the multi-variable cluster
analysis to define the representative open water region.

TEMPERATURE. This is the most complete data base found in the entire data set,
containing a continuous record from 1947 through 1984 (Table 2). Due to the
year to year seasonal differences in the sampling schedule, differences in the
yearly means are not considered significant. The monthly pattern reflects the
annual heating and cooling cycle indicative of the basin (Rathke, 1984) as shown
in Figure 4. Temperature was considered to be an inappropriate variable for
defining a specific open lake sampling region due to the lack of any significant
spatial differences in seasonal temperature regimes.

CONDUCTIVITY*. The conductivity data base was very extensive; having a total
of 5897 values with data available for all but three years since 1947 (Table 3).
This data set showed only small seasonal variation (Figure 5). Since" this
variable is very useful in identifing water masses, it was examined in detail to
aid in identifing specific water quality areas within the basin. For example,
water entering the western basin from the Detroit River had the lowest
conductivity found in the lake. Conductivity values in the river mouth region
remain near 240 umhos/cm due to the lower concentration of principal ions found
in the upper Great Lakes. In contrast, the conductivity values recorded for the
River Raisin and the Maumee River are in the range of 300 umhos/cm. Thus, this
variable could serve as a good tracer for tributary water masses as they mix
with the water entering from the upper lakes.

CHLORIDE*. As with conductivity, the chloride data base was very extensive;
having a total of 3592 values over the period of record. With the exception of
1965, 1980 and 1982 all other years were represented (Table 4). Even though
chloride is considered a conservative variable, it does undergo somewhat of a
seasonal cycle in the western basin (Figure 6). Peak concentrations coincide
with late winter and early spring when major tributary and land runoff is taking
place.
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SULFATE. The sulfate data base was found to be inconsistent in yearly
distribution of values, having 1291 values listed for the period of record
(Table 5). Nearly 50% of the data was collected during the 1978 intensive year
on Lake Erie and the majority of these samples were collected in the nearshore
zone. Seasonally, the sulfate concentrations were somewhat erratic with no
apparent trend (Figure 7). Sample locations are extremely critical for this
data base due to the numerous point source contributors within the basin (ie.
fossil fuel power plants). Due to the inconsistent nature of this data base it
was not used in the final cluster analysis.

DISSOLVED OXYGEN. Oxygen concentrations were examined only as a point of
interest. Since the basin does not develop permanent thermal stratification,
the oxygen concentrations are nearly always close to 100% saturated. The- mean
and median yearly concentrations consistently range from 8 to 10 mg/1 (Table 6).
It should be noted that yearly minimum values frequently are below 5.0 mg/1 with
some values reaching less than 3.0 mg/1. These values are recorded during short
periods of ephemeral stratification, allowing oxygen depletion in the bottom
waters. The monthly composite data (Figure 8) indicates that this most commonly
occurs from June through September as documented by Bartish (1984).

PERCENT DISSOLVED OXYGEN SATURATION. The information contained in this data set
reflects the dissolved oxygen situation for the basin. Mean and median
saturations are always over 90% and frequently have maximum values greater than
120% due to photosynthetic oxygen production (Table 7). Minimum concentrations
also reflect the effects of oxygen depletion which occur during short term
stratified periods (Figure 9).

pH. This variable was examined primarily for general interest purposes. -The
data set extensively covers the period of record. Mean-median values from 1947
- 1984 ranged from 8.1 to 8.6 with the values extending from 6.0 to 10.0 (Table
8). In addition, the cummulative monthly summary indicated no significant
seasonal effect. Due to the substantial carbonate buffering capacity of Lake
Erie, no significant trend seasonally or spatially would be expected (Figure
10).

TURBIDITY*. The STORET data base for turbidity was listed as two seperate
variables, turbidity in Jackson Turbidity Units (JTU's) and turbidity as
Nephlometric Turbidity Units (NTU's). The JTU data set spanned 1967 - 1973
while the NTU data extended from 1973 - 1984 (Tables 9 and 10). It is
recognized that there is a difference in the results obtained from the two
techniques however, it was felt that the advantages gained from combining the
two data sets outweigh the disadvantages. The yearly means and medians were
similar for the two data sets with the exception of 1978 and 1979 when turbidity
increased significantly. As previously discussed the 1978-1979 data were
primarily obtained from the nearshore zone as part of the Lake Erie intensive
program. Values were found to be greater than in previous years due to the
location of the sampling sites. In general, turbidity followed an expected
seasonal pattern, with the highest values occurring in the spring and fall
(Figure 11). This is largely due to resuspension of unconsolidated sediments
during periods of high wind.
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SECCHI. Secchi data is fairly extensive with little change evident over time or
through the season (Table 11 and Figure 12). Due to the shallow nature of the
western basin, storm activity readily mixes the unconsolidated sediments into
the overlying waters, thus Secchi readings are generally low. An inverse
relationship is apparent with turbidity and total suspended solids.

TOTAL SUSPENDED SOLIDS (TSS)*. The TSS data set contained 1229 values with
adequate data distribution over the period of record (Table 12). TSS provides
quantitative information on the particulate material suspended in the water
column. In a tributary dominated shallow water body such as the western basin,
the particulate material found in the water column originates from a combination
of autochthonous and allochthonous sources. This suspended material is a
combination of organic (planktonic and detrital) and inorganic material.. The
percent or ratio of the organic to inorganic constituents depends upon several
factors ie. season, sampling location and meteorological conditions. Figure 13
illustrates the seasonal changes in suspended material concentrations. Ideally,
this variable is best used when accompanied with volatile and residual solids
information, which is frequently obtained as part of the TSS analytical
procedure. Unfortunately, the STORET files contained less than 200 data points
for either of these additional variables. TSS concentrations by themselves can
be helpful in defining spatial differences within the basin primarily because
the smaller tributaries are heavily laden with particulate material while the
dominant Detroit River generally contains lower concentrations.

TOTAL PHOSPHORUS*. Total phosphorus is one of the principal variables used to
assess eutrophication in freshwater systems and in Lake Erie phosphorus has been
a target of remedial action plans. The phosphorus data base is relatively
extensive; having a consistent record since the late 1960's. In addition, well
over 100 values have been recorded annually from 1967 - 1982 providing 5680 data
points over the 18 year period (Table 13). Significant reductions in total
phosphorus have been documented for the central basin (Rosa 1986) however, a
similar analysis for the western basin has yet to be undertaken. From the
information presented in Table 13, the values seem to have decreased over the
period of record. As indicated by Figure 14, the seasonal pattern for total
phosphorus is complicated by biological, physical and meteorological
interactions.

TOTAL DISSOLVED PHOSPHORUS*. Of the many phosphorus fractions that can be
measured using conventional methods, total dissolved phosphorus represents the
largest most readily available form. This phosphorus pool is comprised of
orthophosphorus plus the dissolved organic fraction which is a mixture of
organic extracellular and intercellular compounds having a broad range of
molecular weights. The data base is made up of 4768 values spanning 1967
through 1979 and continuing again from 1981 to 1984 (Table 14). Seasonally,
total dissolved phosphorus reflects a pattern similar to the seasonal
fluctations in total phosphorus concentrations (Figure 15).

DISSOLVED PHOSPHORUS (0RTH0)*. The orthophosphorus data base is not as
extensive as for total phosphorus or total dissolved phosphorus. However, a
continuous record from 1968 through 1984 containing 2743 values was examined
(Table 15). As is evident from Table 15, open lake western basin concentrations
generally are below 10 ug/1, consequently the data recorded prior to 1971 is
questionable. Since orthophosphorus is the most readily assimilated phosphorus
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form, seasonally it shows an inverse relationship with phytopiankton biomass.
This is indicated by comparing the seasonal orthophosphorus changes (Figure 16)
with seasonal changes of chlorophyll (Figure 22).

NITRATE + NITRITE. Suprisingly, the nitrate + nitrite data base was not as
complete as would be expected. Significant gaps exist in the data during the
1960's and 1970*s (Table 16). This is an unfortunate circumstance since this
variable would be very useful in defining an offshore region within the basin as
well as examining long term trends. Even with the relatively sparce data base
(n = 1906), a very distinct seasonal pattern was evident (Figure 17); with peak
concentrations occurring during the spring followed by decreasing concentrations
through the summer and into the fall.

AMMONIA. The ammonia data set contains 1248 values spanning from 1968 through
1982. As with most of the variables, the 1978-1979 intensive years dominate the
data, contributing nearly half of the values to the total data set (Table 17).
Ammonia concentrations peak during spring runoff and decrease through the summer
months (Figure 18). Due to the restricted nature of the data base and the
analytical problems associated with measuring ammonia concentrations below 20
ug/1, it was not considered a primary source of information on the western
basin.

TOTAL INORGANIC NITROGEN. This data base was examined for general interest
purposes. Total inorganic nitrogen should consist of the sum product of
nitrate, nitrite and ammonia values. Dissolved nitrogen is not generally
measured. It is evident from a comparison of Tables 16, 17 and 18, that the
data base is not complete. Two reasons for the discrepancies are speculated;
not all forms of inorganic nitrogen were measured at all sites thus the
summation was not possible and second, the forms were not summed thus the total
inorganic nitrogen data was not entered into STORET. Whichever the case, this
data base was not examined beyond this inventory. As would be expected, the
seasonal cycle was similar to ammonia and nitrate + nitrite (Figure 19).

KJELDAHL NITROGEN. The organic nitrogen data base was considerably greater than
originally anticipated; having a total of 3558 values and spanning nearly the
entire period of record (Table 19). Seasonally, the values responded to spring
peak loadings and depletion by summer pulses of phytoplankton (Figure 20). This
data base was not used in defining the offshore region.

DISSOLVED SILICA. The silica data base was somewhat sporadic in its annual
distribution; dominated by the 1978 and 1979 field seasons (Table 20). Of the
2805 values recorded, most of the data occurred during the summer months.
Silica concentrations peak during the spring runoff period and decrease through
the year (Figure 21). The early spring concentrations are associated with
tributary inputs while the late spring and summer decreases 'in concentrations
are attributed to diatom utilization.

CHLOROPHYLL a* (CORRECTED and UNCORRRECTED). Chlorophyll a values were accessed
under two files, one for uncorrected and one for corrected chlorophyll. Other
than the somewhat lower values recorded for the corrected data (which is to be
expected), the two files were very similar. The uncorrected file contained data
for 1968 through 1982 while the period of record for corrected values was from
1972 through 1982 (Tables 21 and 22). The seasonal cycle indicated the unimodal



PAGE 19

curve characteristic of the basin (Fay 1976) (Figures 22 and 23). For basin
definition via cluster analysis, the uncorrected data base was utilized.

PHEOPHYTIN. The data base for pheophytin concentrations was examined for
general interest and for comparison with the chlorophyll files. The period of
record for the data base was limited to 1974 to 1982; containing 2053 records
(Table 23). The seasonality was similar to that shown for chlorophyll with
highest concentrations occurring during peak chlorophyll episodes (Figure 24).

DATA QUALITY. The data presented in Tables 2-23 and Figures 4-24 provide
information for a reasonable range of values one would expect to find in the
open lake region. On occasion an unacceptable value was encountered, for
example, a temperature of 311° C recorded during 1964. Only if such a valjue was
encountered in a variable used for the cluster analysis was it removed from the
working data base. Generally, unacceptable values accounted for less than 1% of
the data set and were considered to be date entry errors.

MEANS VERSUS MEDIANS. One of the findings from the statistical analysis of the
western basin STORET file was that medians provide a more descriptive
characterization for some variables than is provided by statistical means. This
is demonstrated by the means and medians presented below:

COMPARISON OF WESTERN BASIN MEANS TO MEDIANS

DERIVED FROM THE STORET DATA BASE (1947 - 1984).

VARIABLE N MEAN MEDIAN % DIFF

(MED - X)

TEMPERATURE 10101 17.9 19.6 + 9.50

CONDUCTIVITY 5897 277.4 266.4 - 3.60

CHLORIDE 3592 18.4 18.0 - 2.17

SULFATE 1291 25.3 22.8 - 9.88

SECCHI 1385 1.1 0.9 - 0.18

DISSOLVED OXYGEN 7892 9.6 9.4 - 2.08

DISSOLVED OXYGEN (%) 5088 97.3 97.0 - 0.31

PH 6400 8.4 8.4 0.00

TURBIDITY (JTU) 2721 8.8 4.5 -48.86

TURBIDITY (NTU) 2605 14.1 8.1 -42.55

TOTAL SUSPENDED SOLIDS 1229 20.3 13.0 -35.96

TOTAL PHOSPHORUS 5680 65.8 46.3 -29.64

TOTAL DISSOLVED PHOSPHORUS 4768 25.8 14.6 -43.41

DISSOLVED PH0SPH0RUS-0RTH0 2743 7.7 3.3 -57.14

NITRATE + NITRITE 1906 1496.2 230.0 -84.63

TOTAL INORGANIC NITROGEN 2589 355.0 226.0 -36.34

KJELDAHL NITROGEN 3558 731.9 390.0 -46.71

DISSOLVED SILICA 2805 40.9 0.7 -98.29

CHLOROPHYLL (UNCORRECTED) 2257 22.4 16.5 -26.34
CHLOROPHYLL(CORRECTED) 2246 20.3 14.8 -27.09
PHEOPHYTIN 2053 4.0 2.9 -27.50
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For many variables the difference between the mean and the median was not
appreciable. However for those variables which contained values that were much
higher or lower than the median (up to 20% of the entire data base), the mean
and the median were frequently found to be very different (ie. Turbidity, Total
Suspended Solids, Total Phosphorus, Orthophosphorus, Nitrate + Nitrite and
Dissolved Silica).

CLUSTER ANALYSIS

In order to define a representative western basin open water region that
would provide information for basin characterization and trend analysis, a
cluster analysis procedure was utilized. The method employed by El-Shaarawi
(1984) to define an offshore sampling area in the central and eastern basins was
used as a model for the western basin study. Thus, careful attention was given
to the various clustering methodologies and the criterion for determining the
appropriate number of clusters used by El-Shaarawi. There are many different
existing clustering techniques and over 200 algorithms which can be divided into
four major categories;

1. Ordination Techniques
2. Hierarchical Methods

3. Partitioning (Non-hierarchical)
4. Clumping or Clique

Milligan (1978) presents an excellent overview of these four algorithm types and
the advantages and disadvantages of each.

Clustering is a means of grouping variables according to their magnitude
and interrelationship with no assumptions made regarding the number of groups or
the group structure. Grouping is done on the basis of similarities or
distances, where a large distance corresponds to a dissimilar relationship or in
this case a dissimilar concentration. Initially, there are as many clusters as
there are data points. Concentrations which are most similar are first grouped
and then these initial groups are merged according to their similarities.

El-Shaarawi (1984) utilized a non-hierarchical nearest centroid clustering
method which included automatic seed selection, criteria for the elimination of
clusters with too few members, splitting of elongated clusters and clumping of
clusters which are too close together. In dealing with central and eastern
basin data sets, El-Shaarawi clustered on a survey by survey basis, thereby
avoiding any temporal complications. In addition, El-Shaarawi utilized only
surface data, thus eliminating problems associated with a single station being
placed in two or more clusters as a result of concentration differences at
various depths.

The clustering program utilized for the western basin analysis was titled
FASTCLUS and was accessed through SAS (Ray, 1982). FASTLCLUS was designed for
disjoint (non-overlap) clustering of very large data sets (100 - 100,000
observations). The FASTCLUS clustering procedure is based upon Euclidean or
straight-line distances computed from one or more quantitative variables and is
an iterative process that can find satisfactory clusters with only two or three
passes through the data.
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This procedure has two objectives;

1. To place each observation in a cluster with similar observations.

2. To minimize the sum of the squared distances between individual
values and the cluster means.

FASTCLUS is based on a method that Anderberg (1973) refers to as nearest
centroid sorting. Initial cluster seeds (i.e. individual observations) are
selected as a first estimation of the cluster means. Each observation in the
data set is then assigned to the nearest seed (concentration), thereby
establishing temporary clusters. This process is repeated until there are no
longer any changes in the cluster selection. FASTCLUS is very sensitive to
outliers and can be an effective method for detecting outliers since they will
appear as clusters with only one member.

Cluster information from this study is presented in tabular format as well
as plotted in graphical form. The X - Y coordinates represent latitude and
longitude thereby providing a western basin map of the resulting information.
The spatial zones determined by cluster analysis were defined by El-Shaarawi
(1984) as regions of the lake, although not necessarily continuous, which
exhibit concentrations that can be considered to come from the same probabilty
distribution.

SINGLE VARIABLE CLUSTERS

Selection of the variables employed in cluster analysis has a great deal of
influence on the resulting clusters. To demonstrate this, imagine the final
cluster for a deck of cards if color was the variable of choice (Figure 25 a).
For bridge players, the most significant clusters would be formed by selecting
the cluster variables of "Honors Versus Trash" or tens, jacks, queens, kings and
aces versus the face value cards (Figure 25 b). For the game Hearts, two
clusters would also be produced. The resulting clusters are non-continuous due
to the placement of the queen of Spades with all the Hearts (Figure 25 c). Four
clusters result when suit is the variable of choice (Figure 25 d) and if
selection is made by face card value then 13 clusters will result (Figure 25 e).
Finally, if a combination of color and face card value are used then 26 clusters
will result (Figure 25 f) (Anderberg,1973). As expected, the importance of
variable selection is clear in the previous playing card example, however it is
much more obscure for limnological variables.

Before attempting to define an open lake sampling region based upon
multi-variable cluster analysis, it was necessary to analyze each of the
individual variables using the single variable cluster routine. This first step
was designed to aid in selecting the appropriate number of clusters; to define
a region representative of the open waters; determine if extreme values should
be eliminated; determine if seasonal data distribution influences the
distribution of clusters, and finally determine which variables should be used
to best characterize the open water region.
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The initial step taken to develop a single variable clustering protocol was
to experiment with a series of test clusters. The clustering was initiated for
the western basin data utilizing two conservative variables, conductivity and
chloride. These variables were appropriate for the initial testing due to:

1. The completeness of the data over the period of record.
2. The broad geographical distribution of the data.
3. The large number of data points; chloride (n = 3592) and

conductivity (n = 5897).
4. The broad range of values found in each data set; chloride

(3.2 - 290 mg/1) and conductivity (34.0 - 1100 umhos/cm).

Each of these data bases was accessed initially without removing any outlying
values. The first step was the production of a 20 cluster series for each
variable. This sequence consisted of clustering the data base nineteen
different times. Each clustering exercise varied in the number of clusters
processed. For example, the original data base first produced two clusters,
then three clusters and so on up to twenty.

The first test series to determine the optimum number of clusters necessary
to represent the open water region was made using the variable chloride. The
maximum within-cluster Euclidean distance (d) of the most populated cluster
(containing the most data points) in each of the 2 to 20 cluster routines was
plotted (Table 24 and Figure 26). From this data, the optimum number of
clusters appears to be 6 (Figure 26). By design, the test provided information
primarily on the largest cluster (greatest N). For example, when the cluster
size was selected to be 2, the largest cluster contained 3166 members out of a
possible 3592 data points. The mean concentration was 17.0 mg/1 having a
maximum between-cluster distance of 14.2. When 6 clusters were selected, the
largest cluster had 1690 members with a mean chloride concentration of 15.1 mg/1
and a maximum distance of 3.7. Increasing the cluster limit to 7 had a small
impact on the the largest cluster concentration (increasing from 15.1 to 18.8
mg/1) but more importantly it had no impact on the maximum distance within the
largest cluster (d = 3.7). In other words, after the sixth cluster there was no
reduction in distance associated with the addition of another cluster or no
improvement in the reliability of the cluster.

Next, a series of clusters ranging from 5 through 12 were developed (Tables
25 - 32, respectively). Since FASTCLUS contains no format criterion for the
elimination of clusters with too few members, some clusters were obtained with
disproportionately small memberships. For example, in the five cluster series,
cluster Number 1 contained only seven members (Table 25). From the
concentration range of the cluster it is apparent that these 7 members were
outliers representing 0.2 % of the data set (N= 3496). In the 12 clusters
series (Table 32), 4 of the 12 clusters had a limited membership (n < 12).
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A similar test procedure was undertaken with conductivity. The optimum
number of clusters utilizing the conductivity data appeared to be five (Figure
27). It should be noted that the difference in maximum within-cluster distance
was greater for conductivity than chloride. This was attributed to a greater
conductivity concentration range (100 - 600 umhos/cm) compared with chloride (3
- 76 mg/1). As with the chloride cluster series, the maximum Euclidean distance
within the largest cluster was plotted for the 2 to 20 cluster series (Figure
27, Table 33). The breakpoint in the maximum distance curve assumes a different
shape when compared with chloride (Figure 26). The maximum distance when two
clusters were designated was 151.5, having a mean of 268 umhos/cm. When five
clusters were selected the mean decreased to 263.6 umhos/cm and the maximum
distance dropped to 56.4. The reduction in maximum distance continues until the
12 cluster series. At this point the maximum distance stablizes and the
addition of more clusters does not decrease the distance significantly.' When
conductivity and chloride were compared for equivalent within-cluster distances,
conductivity required 15 clusters (d = 14.1, Table 33) while chloride required
only a two cluster series (d = 14.2, Table 24). Thus, determination of the
appropriate cluster size was a compromise between minimizing Euclidean distance
and meeting the study objectives.

Further analysis of individual variables was used to determine the
appropriate number of clusters for the multi-variable cluster step. Figure 28
shows the breakpoint for the determination of the appropriate number of clusters
using the ratio of the between-cluster to within-cluster variance (RSQ/Q-RSQ))
for western basin conductivity. Six clusters appear to agree with the
breakpoint determined using the maximum distance within the most populated
cluster analysis (Figures 26 and 27). El-Shaarawi (personnel communication)
recommended the within - between ratio as the best method for determining
optimum cluster number. Ideally, the within-cluster variance will be small
indicating internal cohesion and the between-cluster variance will be high
indicating external isolation (Milligan, 1978), resulting in a RSQ/U-RSQ) value
or variance ratio approaching zero. The cubic clustering criterion should also
be at a minimum to accurately determine the appropriate number of clusters
(Sarie,1983). In Table 47 and Figure 29 the minimum cubic clustering criterion
which optimizes the number of clusters in which the variance ratio is lowest
occurs at six clusters. Keep in mind that the number of clusters specified also
needs to accommodate the goals and objectives of the study.
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The second phase of single variable clustering involved reviewing the data
base using a reasonable concentration range for the western basin as presented
in the following table. This exercise was designed to eliminate the extreme
outliers, both high and low. Each data base was examined for outliers and an
acceptable concentration range was chosen based upon the mean, median, standard
error and frequency histogram. In general, ranges that were established
eliminated 1% or less of the values found within a data base. The ranges are as
follows:

VARIABLE

CONDUCTIVITY (umhos/cm)
CHLORIDE (mg/1)
TURBIDITY (JTU)
TURBIDITY (NTU)
TOTAL SUSPENDED SOLIDS (mg/1)
TOTAL PHOSPHORUS (ug/1)
TOTAL DISSOLVED PHOSPHORUS (ug/1)
NITRATE + NITRITE (ug/1)
CHLOROPHYLL a (TOTAL) (ug/1)
CHLOROPHYLL a (CORRECTED)(ug/1)

ACTUAL RANGE ACCEPTABLE RANGE

34.0 - 1100.0 100.0 - 601.0
3.2 - 290.0 3.0 - 76.0

0.4 - 230.0 0.3 - 100.0

0.8 - 280.0 0.3 - 100.0
0.1 - 398.6 0.0 - 141.0
0 - 874.0 2.0 - 500.0

0 - 958.3 1.0 - 300.0
0 -55 ,000.0 0.0 -12,000.0
0.1 - 129.0 0.0 - 130.0

-3.1 - 120.2 0.0 - 121.0

The next step was to examine the affect that seasonality had on the
concentration range. Since the data collection is largely dependent on
meteorological conditions, the winter period (January - March) generally
contained the smallest data base. The five cluster series for both chloride and
conductivity were examined for seasonal affects (Tables 34 and 35). Two tables
present the data for each of the five clusters for the entire year and are
subdivided into seasonal units for each individual cluster. Table 35 provides
the clearest example using the conductivity data base. Cluster three contains
the most members (N = 4526) and was considered to be most representative of the
open water. Cluster three had a mean value of 257 umhos/cm and was well

exception of SEASON 1 (WINTER). More
collected during the winter months is from
Since the study
winter data was

represented in all seasons with the
importantly, nearly all the data
nearshore and water intake locations,
an open lake sampling strategy, the
Therefore to avoid any spatial
variable in the analysis.

biases, the winter data

objective is to establish
considered inappropriate,
was not included for any

Finally, single variable clustering was used to discern which variables are
the most sensitive and thus should be included in the multi-variable cluster
approach. Single variable clusters were examined for all the data bases having
sufficient information. After interpreting the individual clusters, those
variables found to be most sensitive geographically were selected for inclusion
in the multi-variable analysis. Graphic interpretations have been included to
illustrate the term "sensitivity" (Figures 30 and 31). For example, a variable
such as chloride which exhibits a large concentration range and results in a
strong geographically definable concentration gradient is considered to be
sensitive (Figure 30). Consequently, the distribution of the most dominant
cluster / concentration was limited geographically. In contrast, the most
dominant conductivity cluster was so expansive in distribution that it
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incorporated nearly the entire western basin and was therefore considered to be
"insensitive" (Figure 31).

Single variable cluster means (Tables 37 - 44) had a calculated R-squared
of greater than 0.97 for most of the major variables, indicating good internal
cohesion. The five variables selected for multi-variable analysis were
chacterized by a low variance ratio (RSQ/Q-RSQ). The low variance ratio
indicates the formation of good clusters as a result of high internal cohesion
(low within-cluster distance) and high external isolation (large between-cluster
distances). Based upon the single variable cluster performance and the
limnological significance of the individual and combined variables, the
following five variables were included in the multi-variable cluster analysis:

VARIABLE VARIANCE RATIO

Turbidity 16.89
Total Phosphorus 14.83
Total Dissolved Phosphorus 15.06
Chloride 8.94

Chlorophyll (Uncorrected) 17.94

Conductivity was found to have a low sensitivity for detecting geographical
concentration differences and therefore was not used in the multi-variable
cluster analysis. Nitrate + Nitrite data was not used because of a very high
variance ratio (76.38) indicating poor cluster formation.

MULTI-VARIABLE CLUSTERING

Before FASTCLUS could be applied to the multi-variable analysis,
standardization of the data was necessary. In cases where all variables are
expressed in the same unit structure and are within an order of magnitude of
each other, standardization is probably not necessary. However in this case,
where the difference between concentrations is utilized as the criterion for
establishing clusters (cluster distances), it was necessary to apply a
standardization procedure. The standardization was accomplished by subtracting
the specific variable mean concentration from each individual observation and
dividing by the standard deviation of the variable mean. For interpretation
purposes, the actual cluster means were re-calculated (re-standardized)
following the clustering phase. The results from the first attempt at multiple
variable clustering produced a non-continuous open lake sampling region (Figure
32). El-Shaarawi (personnel communication) professes that this type of zonation
results from negatively skewed data.

Prior to initiating the second generation multi-variable cluster,
experiments were conducted to verify if the standardized data was skewed. Once
established, a log transformation and a log-log transformation were performed to
test if either procedure would eliminate the skewness. Results indicated that
the log-transformation was superior to the log-log transformation because of the
similarity between the mean and median, thus showing that the skewness had been
eliminated. The log-log transformation appeared to reduce the variablity in the
data to an extreme so that differences were not easily detectable. A comparison
of single variable clusters resulting from non-transformed and transformed data
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showed very similar variance ratios for all variables. An example illustrating
the small differences in cluster statistics obtained using standardized
non-transformed and standardized log transformed chloride data can be seen in
Tables 36 and 45, respectively.

COMPARISON OF MEANS AND MEDIANS OF LOG AND LOG-LOG TRANSFORMED DATA

LOG LOG--LOG

VARIABLE MEAN MEDIAN MEAN MEDIAN

Turbidity 1.86 1.79 0.45 0.58

Total Dissolved Phosphorus 10.80 10.82 1.33 1.36

Total Phosphorus 9.61 9.48 0.92 0.94

Chloride 2.87 2.88 1.04 1.06 '

Chlorophyll (Uncorrected) 2.85 2.97 0.97 1.09

In comparing cluster variance for
multi-variable data (Table 46) and standardized
data (Table 47), the estimated R2 values were i
clustering criterion and variance ratios were
variance ratios were somewhat higher for the log
except one. The cubic clustering criterion
methods but were generally higher for the log tra
indicate that cluster formation is slightly be
However, transformation is necessary to avoid
clusters.

standardized non-transformed

log transformed multi-variable
dentical, however, the cubic

found to differ slightly. The
transformed data in all cases

values were similar for the two

nsformed data. Both criteria

tter with non-transformed data,

skewness -and non-continuous

'RESULTS FROM THE MULTI-VARIABLE CLUSTER ROUTINE

As determined from experiments with single variable clusters, a minimum of
six clusters was found to be necessary to characterize the western basin and
define the open water sampling region. In order to determine which of the
clusters derived from the multi-variable cluster routine best represented the
open waters, a comparison of individual cluster means for each variable was made
with the mean and median derived from the entire western basin data set. As
shown in Table 48, cluster 7 was the most representative of the individual
variable median concentrations calculated for the wesern basin. Other clusters
indicated similar concentrations for one or more variables, but only cluster 7
was uniformly representative of the open lake western basin region for all
variables. In the case of turbidity and chlorophyll, only cluster 7 was close
to characterizing the open lake conditions. Western basin open lake contours
illustrate how closely the cluster means represent actual open lake conditions
(Figures 33 - 38).

Once the open lake region was defined, a more detailed examination of the
actual data distribution within the region was undertaken. To accomplish this a
grid system was constructed for the area between longitude 82°32" and 83°26" and
latitude 4r38" to 42°00" with each grid being two minutes (") square (Figure
39). It was found that of the 297 defined grids only 132 grids contained data.
Next, a median was calculated for each grid using standardized, log transformed
and log-log transformed data. Calculations were made using the data for spring,
summer, fall and the combination of all three seasons. A multi-variable cluster
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analysis was performed using the mean values for each grid within the region.

SAMPLING STRATEGY FOR FUTURE DATA COLLECTIONS

The geographic boundary for the western basin sampling region was made by
mapping the multi-variable cluster (Cluster 7) derived from the previously
selected variables. The initial area established by the clustering of
standardized data, yielded a geographically non-continuous region (Figure 32).
The second generation multiple-variable cluster analysis using log transformed
data resulted in a larger, continuous, sampling region (Figure 40).

In order to determine

waters of the western

disscussed) was utilized,
spring, summer and fall

the number of stations needed to sample the open
basin, the grid clustering strategy (previously

The variance of the grid clusters incorporating
was compared to the variance of the sampling region

obtained from the second generation multi-variable cluster. To determine the
number of grids necessary to maintain a similar standard deviation or variance
for the two methods, the Euclidean distance technique was utilized. The grid
data was standardized to make it unit free so that the Euclidean distances could
be correctly calculated. The cut-off points between grid segments were
subjectively chosen (Table 49). The Euclidean distances plotted in 5
dimensional space produced five grid segments. This was translated into five
geographic segments for the sampling region. Each segment would than be
represented by a station, resulting in five stations to characterize the open
water western basin region.

Station location within the segments was selected based on two criteria;
1) to cover the geographical expanse of the region; and 2) to select'stations,
if possible that could meet the first criterion and provide a historical data
base for trend purposes (Figure 41). Three stations in the STORET data file
were within the defined region and had data bases extending back to 1973. Two
new station locations were selected to cover the geographical expanse of the
area (91 and 92).

Due to a lack of information in the south-eastern portion of the basin, a
sixth station was added outside the defined sampling region. It is intended
that information from this location will enhance future attempts to examine this
basin as well as provide a reference for comparison with the cluster stations.
The six station locations are as follows:

STATION NUMBER

58

59

60

61

91

92

LATITUDE

(N)

41 41.1

41 43.6

41 53.5

41 56.8

41 50.4
41 57.0

LONGITUDE

(W)

82 56.0

83 09.0
83 11.8
83 02.7

82 55.0
82 41.2

REFERENCE SITE
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The number of surveys to be conducted during future western basin
surveillance programs was determined based upon the variability calculated for
each season (spring, summer and fall). By taking the square root of the sum of
the coefficient of variation (Standard Deviation / Mean) for each parameter
utilized in the multi-variable cluster analysis, an estimate for seasonal
variability was calculated. This estimate was then used to determine the number
of surveys necessary to annually characterize the western basin and to track
long term trends.

2 2 2 2 2

SEASONAL = / SD TURB + SD TP + SD TDP + SD CL + SD CHL
VARIABLITY

X TURB X TP X TDP X CL X CHL

From this calculation procedure it was determined that the summer period was the
most stable, having a coefficient of variation (CF) equaling 1.757, with the
fall period indicating only a slightly greater value (CF = 1.855). The greatest
variability occurred during the spring season, with a CF = 2.82. By comparing
these three variances, one can determine the number of surveys that should be
sampled during each of the seasons to provide accurate annual concentration
estimates for the offshore waters of the basin.

SUMMER :

1.75 >

FALL

1.85

: SPRING

> 2.82

For example, by using the summer variance as the .reference point, the
appropriate number of surveys necessary for each season can be determined. This
procedure indicates that a greater number of surveys need to be conducted during
the spring (April-May) when variability is the greatest. For example, if the
surveillance program calls for two summer survey then 3.2 spring surveys should
be conducted and a minimum of seven surveys need to be conducted annually.

NO OF SURVEYS

SUMMER FALL SPRING

2.0 2.12 3.2
3.0 3.18 4.8
4.0 4.24 6.4

TOTAL

7

11

14
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RECOMMENDATIONS

1. Based upon this review of the western basin data base and the analysis of
the seasonal variability, it is recommended that a minimum of seven western
basin surveys be conducted annually (3 spring, 2 summer and 2 fall). In
addition, it is recommended that a minimum of two weeks between surveys be
maintained during periods of high variablity (ie, spring).

2. After a three year data base has been established using the proposed
station pattern and sampling frequency, it is recommended that the
new data base be evaluated in a manner similar to this study.

3. The existence of the STORET data base was useful for this study but the
m inventory demonstrated that there are definite problems with

the reliablity of many of the data points. A clean-up of the existing data
base for the priority parameters is called for.
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TABLE-S



Table 1. Summary of STORET Western Basin Data Inventory 1947-1984

SAS

VAHIAbLt LAbfcL t( HE All STAHDAHD

DEV1AT10M

MINIHUn

VALUE

itAiinun

VALUE

HANGE SUH VAhlAHCE

Al bEITH 11253 20.24 70.60 0.00 032.00 032.00 227750.25 4984
A2 LAb-lf)-KO 19 749900.00 0.00 749900.00 749900.00 0.00 14240100.00 0
A3 WA1 EH-TEIH* 10101 17.86 0.40 0.00 311.00 311.00 180414.60 71
A4 Alk-TKKP 6126 19.12 6.35 0.00 35.00 35.00 117127.39 40
AS WEIGHT 2*17 1.08 2.00 0.16 16.00 15.84 464.97 4
At LEhGTII 261 15.00 4.42 7.30 28.90 21.60 3916.06 20
A7 BAhGil-fhESS 2190 763.16 25.76 90.02 775.00 684.98 1674371.40 664
A3 rikLD-lIi-HO 250 140.61 309.75 0.00 001.00 601.00 37152.00 95944
A9 lMCbT-LT-HLUM 89 24.60 17.58 2.00 65.00 63.00 2189.00 309
A10 CLOUH-COV 1101 48.42 35.26 0.00 100.00 100.00 53310.00 1243
All UII.D-VELOC 6567 11.57 5.93 0.00 39.13 39.13 75976.95 35
112 WlliU-blh-N 5233 164.15 93.53 0.00 360.00 360.00 9b3634.00 6748
AI3 UlHD-b-AZinU 1280 198.93 94.66 0.00 360.00 360.00 25462B.00 6960
AID TUhU-JKSH 2721 8.78 15.44 0.40 230.00 229.60 23684.15 2J6
A 1 S SAKP-LOC-VEBT 206 168.21 146.33 50.00 500.00 450.00 34651.00 21413
AI6 TUhb-ThAhS 75 0.93 1.36 0.10 9.10 9.00 69.50 2
A17 TUhO-IILUE 199 8.03 8.10 0.00 50.00 50.00 1598.30 66
AID TOhU-ThUlDtlT-HACH-IT 2605 14.09 19.49 0.80 200.00 279.20 36697.26 380
A19 TJtAHSP-SECCIlI-IUCII 69 33.04 13.91 12.00 66.00 54.00 2200.00 193
A20 IHANSP-SEECCIII-HKTEH 1305 1.15 1.29 0.10 14.80 14.70 1568.73 2
A2I COLOH-»'OI(L-UL£ 119 15.29 3.80 9.00 22.00 13.00 1819.00 14
A22 ObUH-TIIHSIl-UQ 16 1.94 1.12 1.00 4.00 3.00 31.OU 1
A23 HEbbX-bHP-nV 95 449.79 69.86 320.00 564.00 244.00 42730.00 4660
A 24 cubucTvy-riELO-mciiur.iio 2164 258.06 51.20 155.00 675.00 720.00 560183.OU 2621
A25 CHbUCTV*-25C-HJC 5097 277.36 62.79 34.00 1100.00 1066.00 1635576.51 3943
A26 bo-pr.out-nG/L 9 0.92 2.67 7.00 13.80 6.80 80.30 7
A27 bo--nc/L 7092 9.55 2.01 0.10 24.50 24.40 75400.95 4
A2b bO-SATUh-PEKCEKT 5000 97.35 15.93 0.47 199.00 196.53 495302.49 254
A29 HOb-5bAYS-flU/L 299 2.14 2.12 0.00 19.60 19.60 638. UO 4
A30 COb-LObLEVEL 256 13.77 7.23 4.00 62.00 56.00 3523.9U 52
A31 COb-HUb-bliY-UCT 63 71161.76 39750.70 3800.00 149999.88 146199.88 4483190.60 1580116092
A32 bOb-IMDAYS 1 1.10 . 1.10 1.10 0.00 1.10
AJ3 CL2bHJID-1 5HIH 16 0.12 0.04 0.05 0.20 0.15 1.90 0
AJt) PH-SU 6'100 0.42 0.40 6.00 10.00 4.00 53913.80 0
A35 LAU-I'H-SO '13 8.03 0.33 7.40 0.70 1.30 345.50 0
A36 C02-HG/L 37 2.49 5.63 0.00 28.50 28.50 92.30 32
A37 T-ALK-CAC03-HG/L 5071 60.59 40.07 2.00 175.00 173.80 307409.92 1606
A38 lllEN-PII-Lllli-AL 104b 3.91 4.25 0.00 34.00 34.00 4004.96 16
A39 C03-ALK-CAC03 29 1.24 3.40 0.00 12.00 12.00 36.00 12
A40 HCG3-1HN-IIC03 104 98.71 7.07 45.00 115.70 70.70 10265.00 50
A41 C03-lOU-C03-hG/L 1 10.00 . 10.00 10.00 0.00 10.00 m

AM 2 UESI DUE-TOTAL 401 199.06 57.79 96.00 590.00 502.00 79623.00 3340
AD 3 hESIbUE-STUST-VOC 99 75.96 21.41 32.00 133.00 101.00 7520.00 4 58
A44 HESIDUK-TOT-FIX 83 134.58 40.50 87.00 311.00 224.00 11170.00 1640
A45 KtSIDUK-DlSS-105 35'a 178.75 40.25 82.00 347.00 265.0,0 63276.00 1620
A46 flESIDUE-VCL-FLT >185 14.14 26.23 0.31 360.00 359.69 6655.72 666
AM 7 fcfcSIDUE-TOT-HfLT 1229 20.29 25.52 0.10 398.60 398.50 24936.60 651
Aao hESlbUL-VOL-NFL 106 18.21 13.81 1.00 96.00 95.00 2656.00 191
A49 ht^ibUE-rix-iirLT 179 21.47 32.75 0.40 344.00 343.60 364 3.90 1072
A50 OlL-GhSE-NUb-IIEXIt <t<l 1094.23 2036.61 0.40 8400.00 8399.60 48146.20 4147779
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Table 1. Summary of STORET Western Basin Data Inventory 1947-1984 (Continued)

SAS

VAHIAbLE LAbEL N MEAN STANDARD

DEVIATION

MNIMUn

VALUE

MAXIMUM

VALUE

RANGE sun VARIANCE

bl biL-GRSE-nUO-FHCH 38 2118.26 2625.27 118.00 14000.00 13662.00 60494.00 60920b7
62 TOTAL-M-N 1963 0.79 0.82 0.10 10.55 10.45 1552.06 1
bJ DISS-KITHOGEU 107 0.37 0.18 0.09 1.10 1.01 69.18 U
b4 bBG-H-N 2419 0.42 0.40 0.00 10.00 10.00 1004.63 0
65 DHG-H-SU5P-N 138 0.18 0.10 0.04 0.66 0.62 24.22 0
bb DliG-N-bISS-11 68 0.14 0.06 0.02 0.28 0.26 9.52 0
b7 NH3«KH4-|l-blSS 2416 0.06 0.06 0.00 0.57 0.57 135.44 0
bO HH3-HH4-N-TOTAL 3541 0.08 0.12 0.00 1.70 1.70 300.89 0
69 NH3-HUb-blty 54 173.14 159.92 2.57 470.00 467.43 9349.73 25573
blO N02-H-01SS 70 0.01 0.05 0.00 0.38 0.36 0.76 0
bll HU2-H-10T 2052 0.02 0.03 0.00 0.35 0.35 34.79 0
b12 M03-H-T0T 2511 0.31 0.62 0.00 8.60 6.60 706.16 0
bl 3 TOT-KJEL-H 3558 0.73 1.25 -0.96 9.90 10.66 2603.94 2
614 ORGAN-N-HUD-D-bT 2 2450.00 494.97 2100.00 2800.00 700.00 4900.OU 245000
bl5 KJELDL-N-TOT-.1U 80 1776.82 1160.92 80.00 4000.00 4720.00 142146.00 1413530
BI6 N02-M03-K-TOT 1906 1.50 5.85 0.00 55.00 55.00 2651.80 34
bl7 H02-KU3-N-D1SS 1341 0.37 0.45 U.00 5.50 5.50 490.15 0
b18 N02-tlU3nUD-»-U 5 50.10 9.59 41.60 65.50 23.90 250.50 92
819 . T-IHTNG-N1T60GEH 25U9 0.35 0.62 0.00 9.15 9.15 919.03 0
b20 T-tO«--l'04 164 0.29 0.34 0.02 4.10 4.06 46. 60 0
b21 50LP04-T-P04 299 0.40 5.43 0.01 94.00 93.95 142.90 30
622 DHTI10I04-FU4 2 0.06 0.04 0.03 0.09 0.06 0.12 0
823 PHOS-TOT 5680 0.07 0.06 0.00 0.87 0.67 373.77 0
624 PllOS-blS 4768 0.03 0.03 0.00 0.96 0.96 122.92 0
b25 HIOS-^US 126 0.02 0.01 0.00 0.10 0.09 2.16 0
b26 PHOS-NUb-Dhy-WCT 162 373.96 548.97 0.03 2300.00 2299.97 60184.21 301366
b27 PHOS-DlS-OKTIiO 2743 0.01 0.02 -0.98 0.25 1.23 21.26 0
Ii2d T-OHU-C-C 337 2.46 2.78 0.00 12.32 12.32 830.54 a
629 D-OHG-C-C 330 1.03 1.60 0.00 10.28 10.28 603.66 3
b30 ST-IliOhG-C 66 20.27 1.62 9.90 23.30 13.40 1337.60 3
bJI ORG-C-C 206 0.90 0.61 0.01 3.93 3.92 258.24 0
b32 T-CABbOU-C 66 22.83 1 .64 14.00 27.10 13.10 1506.50 3
bJ3 CYANIDE-CN-TOT 21 0.00 0.00 0.00 0.00 0.00 0.09 0
634 CXAHIDE-DECMG/KG/DRY/WG1 3 2.60 4.33 0.10 7.60 7.50 7.80 19
635 TOT-HAhO-CACOJ 70 117.56 20.59 97.00 215.00 116.00 8230.40 4 24
636 CAI.C1UH-CACU3 199 36.42 17.96 26.00 99.00 73.00 764 5.00 222
037 CA1.C1UH-CA-D1SS 154 30.96 3.73 25.00 50.00 25.00 600 5.40 14
638 CALCIUM-CA-TOT 61 31.98 5.82 8.20 44.10 35.90 1950.50 34
639 CA-tlUb-bHY-WGT 20 30276.80 24022.66 2.00 97900.00 97096.00 6U5536.00 577087995
640 HGNS1UN 73 14.05 7.97 7.00 33.60 26.60 1025.70 64
64 1 MG-HUD-DhY-UGT 52 14531.73 8064.66 0.00 28900.00 28900.00 755650.00 65041927
b4 2 HGHSIUK-MG/OISS 194 7.95 1.43 6.30 13.00 6.70 1541.40 2
b43 MGKSIOM-MG-TOT 176 7.72 3.02 4.60 34.00 29.20 1359.06 9
644 SODIUM-IIA-TOT 206 7.86 3.30 0.10 19.80 19.70 1622.82 11 "O
645 SODIUH-NA-D1SS 270 10.26 3.19 4.55 20.40 1,5.85 2770.30 10 >
646 PEhCEKT-SOblUH 0 , , # o
64 7 PT5S1UM-K-DISS 270 1.32 0.52 0.76 5.00 4.24 355.27 0

m

b48 I'TSSIUH-li-TOT 193 1.11 0.5S 0.06 7.00 6.92 214.00 0 CO
b'19 K-nuo-biiy-b-GT 7 657.70 1127.83 0.40 2500.00 2499.60 4603.90 1272003 ro
85U CHI.Ofi J DE-TOT 3592 111.44 7.52 3.20 290.00 266.60 6622b.22 57



Table 1. Summary of STORET Western Basin Data Inventory 1947-1984 (Continued)

SAS

VAhlAbLE LAbEL N ME AII STANDARD

DEVIATION

HINIHUn

VALUE

MAXIMUM

VALUE

RANGE SUM VARIANCE

CI SULFATE-S04-TOT 1291 25.34 12.77 7.20 285.50 278.30 32710.59 163.15
C2 SULFAIE-S04-DISS 192 22.06 7.70 10.00 58.00 48.00 4236.30 59.28
C3 rLUORlDLf-DISS 11 0.10 0.01 0.08 0.11 0.03 1 .09 0.00
C4 FLUOH1DLF-TOI 211 0.19 0.06 0.08 0.47 0.39 40.53 0.01
C5 SILICA-blSOLVED 2605 40.93 231.06 0.00 1970.00 1970.00 114620.22 53391.03
C6 SILICA-TOT 22 0.74 0.49 0.20 2.60 2.40 16.21 0.24
C7 SILICATE-URT-REAT 80 0.52 0.22 0.10 1.00 0.90 41.37 0.U5
C6 AS-IHOH-AS-TOT 39 6.10 4.05 2.00 10.00 8.00 236.00 16.41
C9 AhSEIiIC-AS-l)ISS 2 0.50 0.14 0.40 0.60 0.20 1.00 0.02
CIO AhSEHlC-AS-TOT 31 1.26 0.63 0.41 3.17 2.76 39.09 0.39
C11 AAliSEIllC-SSEDHC 177 12.46 14.50 0.88 140.00 139.12 2205.12 210.15
C12 AhSEIIlC-TISHC 12 0.02 0.03 0.01 0.10 0.09 0.21 0.00
C13 bAhlUH-bA-TOT 33 17.70 4.91 13.00 31.00 18.00 564.00 24.09
C14 BA-HUb 51 47.27 25.62 7.00 110.00 103.00 2410.60 666.66
C15 bEhYLlUM-EE 33 0.16 0.06 0.00 0.20 0.20 5.40 0.01
C16 BEhlLIUH-SEDIIG 15 0.88 0.32 0.10 1.00 0.90 13.20 0.10
C17 bOhOR-6-10T 33 60.03 66.49 32.00 320.00 288.00 2641.00 4421.47
CIO 6-MUD 20 55.05 34.90 6.00 80.00 72.00 1101.00 1216.05
CI 9 CADMIUn-CD-DISS 179 2.06 3.16 0.10 10.00 9.90 369.44 9.97
C20 CAbHIUn-CD-DISS 201 2.03 4.11 0.00 39.00 39.00 407.93 16.66
C21 CD-MUD 184 3.11 3.09 0.20 21.00 20.00 572.65 9.55
C22 ciihOHiun-SEortG 164 59.63 70.63 2.40 530.00 527.60 11009.30 5017.20
C23 CHhOHlUH-CR-DISS 155 7.33 21.99 0.10 140.00 139.90 1136.45 463.76
C24 CHROniUn-HEX-VAL 4 50.00 0.00 50.00 50.00 0.00 200.00 O.GO
C25 CHROM1UH-CR-TOT 223 23.09 127.84 0.35 1900.00 1899.65 5149.04 16342.20
C2b CObALT-CO-DISS 19 U.69 0.44 0.10 1.80 1.70 13.10 0.19
C27 COtALT-CO-TOT 33 1.00 0.00 1.00 1.00 0.00 33.00 0.00
C20 CO-MUb 25 10.17 8.65 1.70 33.70 32.00 254.30 78.37
C29 COPPER-CU-DISS 1b6 126.96 257.40 1.00 1600.00 1799.00 23986.90 66256.15
C30 CGPPEH-CU-TGT 219 31.13 164.10 0.00 2200.00 2200.00 6616.69 26928.47
C31 COPPEh-SEbNG 226 53.14 140.62 2.00 1500.00 1498.00 1*009.10 19774.92
C32 IROH-FE-TOT 374 766.69 1002.72 6.20 7900.00 7093.00 294295.20 100544b.29
C33 ISIiOK-FE-DISS 211 74.61 290.63 1.00 3200.00 3199.00 15742.40 84465.15
C34 LEAD-Pb-DISS 195 16.34 01.62 0.05 040.00 839.95 3165.62 6661.95
C35 LEAD-P6-TOT 216 10.09 22.09 0.00 160.00 160.00 2373.02 487.99
C36 LEAD-SEbHG ISO 363.92 406.17 0.40 2600.00 2599.60 66417.20 164971.87
C37 HN-MUD 161 193.64 205.37 9.00 730.00 721.00 31175.60 42176.09
C38 hANGHES-tlN 199 30.09 33.19 0.01 260.00 259.99 5966.68 1101.54
C39 MAUGNESE-MN-blSS 170 9.87 71.40 0.30 900.00 699.70 1678.16 5096.04
C40 MOLY-MO-1I1S5 4 b 1.02 0.42 0.60 2.00 1.40 46.70 0.16
C4I HOLY-HO-TOT 33 2.21 0.89 2.00 7.00 5.00 73.00 0.80
C4 2 mo-mud 20 12.01 9.30 1.00 20.00 27.00 256.30 66.50
C4 3 HICKEL-HI-DISS 192 7.37 23.23 0.70 210.00 209.30 1415.26 539.65
C44 RICKEL-HI-TOT 207 23.25 45.90 0.00 570.00 5/0.00 4813.71 2106.61
C45 HICKEL-SEDhG 164 47.40 36.61 2.00 230.00 228.go 6722.00 1354.73
C46 NICKEL-TISHG 12 0.13 0.05 0.10 0.20 0.10 1 .60 O.UO
C4 7 SILVER-AG-TOT 33 0.60 0.19 0.60 1.00 U.40 29.00 0.03
C46 SILVER-SLDHG 20 2.60 2.46 0.30 8.00 7.70 56.10 6.17
C4 9 STRONTUH-SR-DISS 35 130.91 13.35 103.00 173.00 70.00 4562.00 178.20
C50 STRONTU-SfcR-TOT 16 22.62 51.60 0.12 145.00 144.66 407.17 2663.22

CO
CO



Table 1. Summary of STORET Western Basin Data Inventory 1947-1984 (Continued)

SAS

VARlAbLE LAbEL II MEAN STANDARD

DEVIATION

MINIMUM

VALUE

MAXIMUM

VALUE

RANGE SUM VARIANCE

D1 Sh-HUD-bliY-MGT 7 106.43 25.78 59.00 130.00 71.00 745.00 6b5
02 VAhANlUM-V-DISS 127 1.05 1.14 0.35 5.30 4.95 133.76 1
b3 VAtiADlUM-V-TOT 170 1.61 2.18 0.10 13.00 12.90 272.69 5
04 V-MUb-bhY-WGT 120 139.57 185.41 7.00 1700.00 1693.00 1*749.00 34377
05 Z1I.C-ZJ1-01SS 194 221.29 1402.64 1.00 19000.00 18999.00 42929.80 19674U0
06 ZUC-ZN-TOT 203 50.57 61.26 0.00 330.00 330.00 10266.40 3753
D7 zuic-uionc/rfG 229 74.51 306.16 -4000.00 1000.00 5000.00 17063.14 93744
06 TIH/SN/TOT 33 15.79 5.61 5.00 20.00 15.00 521.00 34
09 TIM-MOO 20 66.46 46.09 4.00 100.00 96.00 1329.30 2199
bio ALUMINUM-AL-TOT 161 054.70 845.42 16.00 4200.00 4162.00 137606.00 7147M2
Oil ALUMIKUM-AL-DISS 126 53.19 63.86 9.70 350.00 340.30 6702.30 4076
012 AL-MUD 120 11410.16 6169.60 2.80 31000.00 30997.20 1369221.90 66742301
DI3 L1TI1IUM-LI-DISS 56 2.26 1.69 1.00 9.40 8.40 126.70 3
D14 L1THIUM-H-T0T 10 0.34 0.77 0.00 2.00 2.00 6.04 1
015 LI-MUO 7 16.66 8.51 4.00 27.00 23.00 118.00 72
D16 SIL1C0N-SI-DISS 93 46293.21 146598.61 220.00 666999.75 666779.75 4491266.60 21491151126
017 SELEN1UK-SE-UISS 2 0.15 0.07 0.10 0.20 0.10 0.30 0
010 SELEH1UM-SE-T0T 154 1.48 1.39 0.19 6.90 6.71 227.76 2
019 SELENlttH-SEbMG-KG 135 23.64 20.23 0.61 98.00 97.39 3191.43 409
D20 T1TAH1UM-T1-T0T 33 13.65 15.40 3.00 67.00 64.00 457.00 237
021 TI-MUD 13 108.62 49.23 1.00 160.00 179.00 1412.00 2424
D22 »E-HUD 200 17707.38 11686.60 1.00 51000.00 50999.00 3663134.00 136623440
D23 FLOATltiC-ALG-WAT 914 2.50 1 .60 0.00 4.00 4.00 2260.50 3
D24 DEAD-IISI1 914 0.31 0.61 0.00 3.00 3.00 266.00 0
D25 TUhblD 456 2.36 0.67 0.00 4.00 4.00 1076.00 0
026 6ETA-T0T 9b 5.4 9 2.66 0.00 15.00 15.00 536.10 7
D27 6ETA-T-ERH0H 98 2.45 1.93 1.00 10.00 9.00 239.70 4
D26 II-3-TOT 67 359.70 95.44 200.00 600.00 400.00 24100.00 91U9
D29 H-3-TOTL-ERROR 67 200.00 0.00 200.00 200.00 0.00 13400.00 0
030 TOI-COLl-HFIIkEllbO 2363 6788.61 140357.99 0.00 6600000.00 6600000.00 16041477.00 19700366023
D31 TOT-COLl-HI'DLENbO 147 62.66 165.15 1.00 680.00 879.00 9211.02 27275
D32 T01-COL1-KFIM-LIS 1553 5700.26 13469.34 100.00 200000.00 199900.00 6652500.00 181423090
D33 T01-COL1-HPM-COHF 90 3631.36 11265.60 13.00 93000.00 92987.00 326822.00 126913722
D34 rEC-COI.I-HPNL*CMLIi 2 2872.50 1446.03 1850.00 3095.00 2045.00 5745.00 2091013
D35 FEC-COLI-MIM-FCbh 2212 90.6b 1319.09 0.00 60000.00 60000.00 200595.05 1739966
D36 I'ECSThEP-HFKf AGAK 559 42.91 224.1b 0.00 3900.00 3900.00 23986.00 50246
D37 FECSTI.KP-MF-M-EI.T 516 22.37 100.04 1.00 1020.00 1019.00 11569.00 11674
D30 TOTCOUH-TPC20C4 1560 16945.40 120002.57 0.00 3900000.00 3900000.00 2b434017.06 16384659013
D39 TOTCOUNT-TPC35C24 102 1058.24 2408.69 1.00 14600.00 14599.00 107940.00 6193566
D40 CH1.RPIIYL-A 335 10.30 9.16 0.00 61.53 61.53 34 76.92 64
D41 C1ILHPIIY1.-A-UG/L 2257 22.37 18.06 0.11 126.96 128.85 504 61.00 35b
D42 CHl.Hl'IlYL-A-UG/l.-COIlH 224 b 20.20 17.86 -3.06 120.24 123.30 45559.44 319
D4 3 CHLRPIIYL-H-CIG/L 396 2.15 2.56 0.00 27.40 27.40 053.61 7
044 PIllllTN-A-FLIl-MTIlb 332 4.04 5.50 -2.90 51.00 53.90 1339.72 30
D45 CII1.RPH1L-C-HG/L 399 5.13 6.64 0.01 56.30 56.?9 2045.66 44
046 PIIEOPIITH-A-IIC/L 2053 4.01 4.01 -6.93 39.39 46.32 6237.95 lb
04 7 PIIEOPHTIi-hATIO-EPLCTIlO 193 1.54 0.13 1.10 1.62 0.72 290.07 0
040 CII1.HPIIY-A-HG/L 697 0.01 0.01 0.00 0.07 0.07 10.52 0
049 CHLNI'liyL-ll-IIG/L 656 0.00 0.00 0.00 0.04 0.04 1.58 0
050 PIIENOLS-TOT-UG/L 667 3.5b 3.65 0.00 35.00 35.00 2374.60 IS

T3
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TABLE 2

ANNUAL AND SEASONAL DATA BASE INVENTORY
TEMPERATURE (° C) - WESTERN BASIN

PAGE 35

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 10101 17.9 19.6 8.4 0.0 311.0

SEASON 1* 254 2.7 2.0 2.4 0.0 15.5

SEASON 2* 3668 15.6 16.2 6.1 1.0 31.0

SEASON 3* 4604 22.8 23.0 7.7 8.2 311.0

SEASON 4* 1575 11.0 11.8 4.7 0.0 27.5

1947 63 15.0 14.5 6.2 0.0 25.0

1963 13 21.4 22.0 2.9 12.0 23.0
1964 254 24.9 22.0 31.1 8.0 311.0
1965 288 21.3 22.0 4.4 10.5 29.0

1966 164 22.0 25.5 5.9 9.5 27.0
1967 1011 19.0 21.1 4.6 6.0 27.1
1968 715 19.7 21.0 5.2 0.2 '27.5
1969 638 20.0 20.0 5.5 1.1 29.0
1970 646 20.2 22.5 7.0 0.8 30.0
1971 519 20.5 23.0 6.1 0.0 27.0
1972 670 18.0 20.0 6.2 1.0 27.0
1973 749 18.7 22.0 7.1 3.0 34.0
1974 825 14.8 16.0 6.5 0.0 24.9
1975 806 14.4 15.3 7.7 0.0 27.2
1976 179 14.5 15.6 7.2 0.8 27.0
1977 392 14.8 13.1 6.4 0.5 25.5
1978 727 18.1 19.2 6.4 4.2 31.0
1979 849 15.3 17.5 7.2 0.0 31.0
1980 194 15.4 18.1 7.9 1.9 26.0
1981 220 13.5 12.7 6.6 0.1 25.0
1982 98 17.6 20.0 7.4 1.1 26.1
1983 52 16.6 13.4 7.6 6.7 26.7
1984 29 15.0 21.5 9.6 0.5 24.7

* SEASON 1 JANUARY - MARCH
* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - !SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 3

ANNUAL AND SEASONAL DATA BASE INVENTORY
CONDUCTIVITY (UMHOS/CM) AT 25 °C - WESTERN BASH

PAGE 36

YEAR N MEAN ST. DEV. MEDIAN LOW HIGH

ALL DATA 5888 276.55 59.18 266 34.00 700.00

SEASON 1* 178 225.03 87.29 223 34.00 507.00
SEASON 2* 2177 294.42 70.93 276 118.00 700.00
SEASON 3* 2521 269.58 44.36 262 190.00 690.00
SEASON 4* 1012 264.54 43.70 257 157.00 473.00

1963 3 303.33 6.43 306 296.00 308.00
1964 207 287.82 38.90 286 216.00 540.00

1967 963 299.23 80.71 278 207.00 700.00

1968 674 285.31 44.22 278 220.00 640.00

1969 382 276.12 47.26 265 226.00 492.00
1970 381 272.55 36.40 271 220.00 606.00

1971 175 266.88 54.05 254 218.00 630.00
1972 166 269.15 25.85 264 • 201.00 350.00

1973 280 265.38 35.71 261 200.00 440.00

1974 57 270.98 18.20 268 231.00 348.00

1975 207 255.13 25.17 250 215.00 402.00

1976 146 258.84 34.36 258 190.00 381.00

1977 192 246.44 54.00 270 34.00 320.00

1978 625 285.06 72.60 261 195.78 643.56

1979 860 278.73 70.84 268 102.00 587.00

1980 194 250.80 32.76 243 200.00 447.00

1981 197 243.36 21.72 239 208.00 398.00

1982 97 245.45 25.20 240 214.00 366.00

1983 53 253.34 29.26 248 216.00 329.00
1984 29 252.60 29.62 240 223.00 345.00

* SEASON 1

* SEASON 2

* SEASON 3

* SEASON 4

JANUARY - MARCH

APRIL - MAY

JUNE - SEPTEMBER

OCTOBER - DECEMBER
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TABLE 6

ANNUAL AND SEASONAL DATA BASE INVENTORY

DISSOLVED OXYGEN (mg/1) - WESTERN BASIN

PAGE 39

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 7892 9.6 9.4 2.0 0.1 24.5

SEASON 1* 228 12.8 13.0 1.6 4.0 24.5
SEASON 2* 2792 10.3 10.4 2.0 0.5 20.0
SEASON 3* 3426 8.3 8.3 1.4 0.1 16.1

SEASON 4* 1446 10.5 10.4 1.4 5.5 15.0

1947 93 9.7 9.9 1.4 6.8 13.8
1963 29 8.8 8.6 1.4 6.2 10.8
1964 232 8.8 8.8 1.8 0.7 14.8
1965 NA NA NA NA NA NA

1966 104 7.2 7.0 0.9 5.0 11.4

1967 1012 9.0 9.0 1.9 0.5 14.2
1968 665 8.8 8.5 1.8 3.4 16.8
1969 393 9.2 8.8 1.5 6.2 13.8
1970 377 '10.1 10.2 1.9 3.2 14.5
1971 187 9.8 9.2 2.4 2.8 20.0
1972 210 10.6 11.1 1.9 5.2 15.4
1973 595 9.2 9.3 2.3 0.2 14.0
1974 705 10.2 10.4 1.8 3.7 15.1
1975 679 10.0 9.8 2.0 2.1 16.5
1976 146 10.5 10.4 2.7 3.8 24.5
1977 408 10.3 10.2 1.6 6.8 15.8

1978 713 9.2 9.1 1.8 4.2 14.5
1979 795 10.0 9.8 1.8 4.0 16.1
1980 186 9.4 9.1 2.3 2.1 14.2
1981 212 10.1 9.9 1.9 2.7 14.8
1982 96 8.9 8.9 2.2 0.1 13.6
1983 31 9.9 9.8 2.1 7.0 16.7
1984 24 9.3 7.9 2.4 6.0 13.6

* SEASON 1 JANUARY - MARCH

* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - *SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 7

ANNUAL AND SEASONAL DATA BASE INVENTORY

DISSOLVED OXYGEN (% SATURATION) - WESTERN BASIN

PAGE 40

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 5088 97.3 97.0 15.9 0.5 199

SEASON 1* 76 96.5 95.0 4.8 90.0 111.0

SEASON 2* 2142 101.1 102.0 17.5 0.5 199.0
SEASON 3* 2115 93.7 93.0 16.0 1.2 155.0
SEASON 4* 755 97.1 97.0 7.0 61.0 128.0

1947 NA NA NA NA NA NA
1963 12 86.9 89.2 9.2 72.1 99.7
1964 232 97.8 95.6 20.3 8.4 177.2
1965 NA NA NA NA NA NA

1966 NA NA NA NA NA NA

1967 628 93.1 95.0 19.1 6.0 135.0
1968 457 94.5 90.0 20.9 35.0 199.0
1969 311 95.0 93.0 11.0 67.0 122.0
1970 248 104.4 103.5 14.0 37.0 139.0
1971 159 97.2 97.0 16.0 33.0 140.0
1972 206 102.3 99.5 14.4 58.0 154.0
1973 496 98.3 100.0 20.2 2.0 150.0
1974 772 100.1 101.0 12.7 0.5 155.0
1975 689 95.8 95.0 12.0 24.0 170.0
1976 64 104.5 103.0 7.7 75.0 124.0
1977 337 101.1 103.0 8.9 74.0 138.0
1978 49 102.4 104.0 11.4 82.0 123.0
1979 46 102.4 98.5 11.2 90.0 139.0
1980 90 93.1 93.4 13.4 40.6 127.4
1981 196 93.3 94.0 10.2 30.3 128.4
1982 96 91.1 94.7 17.5 1.2 120.0
1983 NA NA NA NA NA NA
1984 NA NA NA NA NA NA

* SEASON 1 JANUARY - MARCH

* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - :SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 8

ANNUAL AND SEASONAL DATA BASE INVENTORY
pH (STANDARD UNITS) - WESTERN BASIN

PAGE 41

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 6400 8.4 8.4 0.4 6.0 10.0

SEASON 1* 208 8.1 8.1 0.3 7.5 9.4

SEASON 2* 2302 8.5 8.5 0.4 6.4 9.6

SEASON 3* 2860 8.5 8.5 0.4 6.0 10.0

SEASON 4* 1030 8.3 8.3 0.3 6.5 9.5

1947 NA NA NA NA NA NA

1963 3 8.3 8.2 0.2 8.2 8.5

1964 237 8.1 8.1 0.3 7.1 9.2

1965 NA NA NA NA NA NA

1966 NA NA NA NA NA NA
1967 933 8.6 8.6 0.4 7.2 9.6

1968 512 8.4 8.4 0.4 7.2 9.4

1969 313 8.5 8.5 0.3 7.1 9.2

1970 283 8.4 8.5 0.4 7.0 9.2

1971 157 8.5 8.5 0.4 7.0 9.3

1972 187 8.1 8.2 0.6 6.0 9.5

1973 590 8.5 8.5 0.4 7.3 10.0

1974 620 8.4 8.5 0.3 6.5 9.2

1975 300 8.3 8.3 0.2 7.5 9.0

1976 81 8.2 8.2 0.4 7.5 9.1

1977 124 8.5 8.6 0.3 7.0 8.9
1978 704 8.5 8.5 0.4 7.1 9.7

1979 771 8.5 8.6 0.4 7.6 9.5
1980 190 8.2 8.2 0.3 7.0 9.0
1981 217 8.1 8.1 0.2 7.6 8.7
1982 97 8.3 8.4 0.3 7.4 8.9
1983 52 8.2 8.2 0.2 7.7 8.7
1984 29 8.2 8.2 0.2 7.9 8.6

* SEASON 1 JANUARY - MARCH

* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - :SEPTEMBER

* SEASON 4 OCTOBER - DECEMBER
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TABLE 10

ANNUAL AND SEASONAL DATA BASE INVENTORY
TURBIDITY (NTU) - WESTERN BASIN

PAGE 43

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 2605 14.1 8.1 19.5 0.8 280.0

SEASON 1* 143 13.3 7.6 14.5 0.8 83.0

SEASON 2* 852 15.8 6.0 28.5 0.9 280.0

SEASON 3* 966 11.2 8.0 12.1 0.9 155.0

SEASON 4* 644 16.3 13.0 13.3 1.7 77.0

1947 NA NA NA NA NA NA

1963 NA NA NA NA NA NA

1964 NA NA NA NA NA NA
1965 NA NA NA NA NA NA

1966 NA NA NA NA NA NA
1967 NA NA NA NA NA NA

1968 NA NA NA NA NA NA
1969 NA NA NA NA NA NA

1970 NA NA NA NA NA NA
1971 NA NA NA NA NA NA
1972 NA NA NA NA NA NA
1973 61 3.1 3.0 1.6 1.0 9.8
1974 38 3.8 2.6 4.8 1.7 25.0
1975 135 9.0 4.0 11.7 0.9 54.0
1976 36 6.6 5.3 5.3 1.6 29.0
1977 191 4.7 2.2 8.8 1.0 77.0
1978 725 16.5 10.0 18.0 0.9 120.0
1979 862 17.3 12.0 21.8 0.8 280.0
1980 170 9.0 6.6 13.4 1.0 132.0
1981 217 12.8 7.2 21.4 0.9 159.0
1982 97 22.0 9.2 34.8 1.2 200.0
1983 45 9.9 8.2 7.1 2.4 25.0
1984 28 9.8 4.3 12.4 1.1 41.1

* SEASON 1 JANUARY - MARCH
* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - !SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 14

ANNUAL AND SEASONAL DATA BASE INVENTORY
TOTAL DISSOLVED PHOSPHORUS (ug/1) - WESTERN BASIN

PAGE 47

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 4768 25.8 14.6 34.9 0.0 958.3

SEASON 1* 118 31.7 30.1 24.8 0.0 136.6

SEASON 2* 1884 29.3 13.0 44.3 0.0 958.3

SEASON 3* 1926 26.6 19.5 27.6 1.0 460.0
SEASON 4* 840 15.1 10.6 23.1 0.7 460.0

1947 NA NA NA NA NA NA

1963 NA NA NA NA NA NA

1964 NA NA NA NA NA NA

1965 NA NA NA NA NA NA

1966 NA NA NA NA NA NA
1967 598 33.2 30.0 25.3 10.0 200.0
1968 445 30.8 20.0 23.0 1.0 170.0
1969 326 29.6 20.0 22.5 10.0 150.0
1970 377 33.1 18.0 36.9 1.0 224.0
1971 160 28.1 16.0 44.0 2.0 460.0
1972 187 23.1 12.0 41.4 3.0 460.0
1973 145 14.9 11.0 14.1 2.0 111.0
1974 38 6.1 6.0 2.3 3.0 15.0
1975 222 9.6 8.0 6.1 1.0 35.0
1976 52 7.0 6.2 3.9 1.0 16.0
1977 300 8.8 8.0 4.3 1.0 33.0
1978 680 44.0 31.7 58.2 1.5 958.3
1979 834 21.4 12.0 32.3 0.0 300.0
1980 NA NA NA NA NA NA
1981 212 7.6 5.7 7.8 1.7 60.8
1982 97 8.0 5.3 6.7 0.7 39.7
1983 56 5.4 4.0 5.1 1.0 28.0
1984 39 11.2 11.3 7.8 1.0 24.9

* SEASON 1 JANUARY - MARCH

* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 17

ANNUAL AND SEASONAL DATA BASE INVENTORY

AMMONIA (MG/L) - WESTERN BASIN

PAGE 50

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 2416 53.4 78.0 0.0 57.1

SEASON 1* 162 138.0 134.3 109.1 1.0 409.6
SEASON 2* 656 77.8 35.9 91.2 0.0 570.9
SEASON 3* 1010 36.4 19.8 49.5 0.0 472.9
SEASON 4* 588 43.1 18.0 62.4 0.0 424.9

1947 NA NA NA NA NA NA

1963 NA NA NA NA NA NA

1964 NA NA NA NA NA NA
1965 NA NA NA NA NA NA

1966 NA NA NA NA NA NA
1967 NA NA NA NA NA NA
1968 24 70.2 46.0' 79.9 8.0 330.0
1969 16 68.1 28.3 68.5 18.0 108.0
1970 117 57.1 48.0 47.5 10.0 250.0
1971 69 26.0 21.0 19.0 2.0 85.0
1972 55 68.8 36.0 93.4 3.0 425.0
1973 135 40.5 22.0 46.4 1.0 246.0
1974 118 30.9 15.0 46.9 0.1 303.0
1975 119 52.3 34.0 51.6 1.5 270.0
1976 82 45.1 27.4 50.0 2.1 250.0
1977 23 37.6 31.1 15.9 14.2 65.8
1978 554 68.3 30.6 87.2 0.0 571.0
1979 630 74.1 28.0 93.6 1.0 409.6
1980 194 34.5 11.2 61.8 0.5 449.0
1981 183 28.5 9.4 44.4 1.0 256.0
1982 97 41.7 11.2 70.0 1.0 332.0
1983 NA NA NA NA NA NA
1984 NA NA NA NA* NA NA

* SEASON 1 JANUARY - MARCH
* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 18

ANNUAL AND SEASONAL DATA BASE INVENTORY
TOTAL INORGANIC NITROGEN (ug/1) - WESTERN BASIN

PAGE 51

YEAR N MEAN MEDIAN ST.DEV. LOW HIGH

ALL DATA 2589 355.0 226.0 615.7 1.0 9150.0

SEASON 1* NA NA NA NA NA NA

SEASON 2* 1276 480.9 291.0 818.5 21.0 9150.0

SEASON 3* 1037 215.1 175.0 205.8 4.0 2834.0
SEASON 4* 276 298.4 205.0 389.5 1.0 2297.0

1947 NA NA NA NA NA NA
1963 NA NA NA NA NA NA

1964 NA NA NA NA NA NA
1965 NA NA NA NA NA NA
1966 NA NA NA NA NA NA

1967 555 232.2 142.0 302.6 31.0 3100.0
1968 372 562.7 306.0 1024.3 32.0 '9150.0
1969 311 481.2 291.0 826.5 67.0 7360.0
1970 252 373.4 244.5 607.1 22.0 4284.0
1971 104 455.2 200.5 1116.6 21.0 6650.0
1972 82 239.7 210.0 167.8 21.0 709.0
1973 101 360.8 200.0 540.1 4.0 2227.0
1974 161 300.8 255.0 173.2 1.0 947.0
1975 162 368.5 266.0 350.5 35.0 2834.0
1976 36 439.8 367.5 341.9 34.0 1025.0
1977 300 206.8 205.0 127.5 15.0 765.0
1978 69 294.0 255.0 175.5 15.0 790.0
1979 84 325.8 360.0 155.0 85.0 750.0
1980 NA NA NA NA NA NA
1981 NA NA NA NA NA NA
1982 NA NA NA NA NA NA
1983 NA NA NA NA NA NA
1984 NA NA NA NA NA NA

* SEASON 1 JANUARY - MARCH
* SEASON 2 APRIL - MAY

* SEASON 3 JUNE - SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER
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TABLE 24

PRELIMINARY CLUSTER ANALYSIS *

CHLORIDE (MG/L) - WESTERN BASIN
( N = 2 THROUGH 20 )

PAGE 57

NUMBER LARGEST MAX. DIST.

OF CLUSTERS N CLUSTER MEAN BETWEEN CLUSTERS ST. DEV. '

2 3166 2 17.0 14.2 4.2

3 1941 3 14.3 10.6 2.8

4 2335 4 19.0 7.5 2.9

5 1992 4 16.8 4.5 2.2

6 1690 4 15.1 3.7 2.2

7 1713 1 18.8 3.7 1.9

8 1605 4 17.3 2.9 1.7

9 1307 4 16.1 2.6 1.4
10 1248 1 19.0 2.5 1.4
11 1329 6 17.9 2.3 1.4
12 1169 12 17.5 2.3 1.2
13 1156 8 17.4 2.1 1.2
14 1124 7 17.3 2.0 1.1
15 904 7 19.4 1.6 1.0
16 929 8 17.0 1.7 0.9
17 782 8 16.0 1.5 0.8
18 853 8 17.1 1.4 0.8
19 855 8 16.9 1.4 0.8
20 741 8 16.1 1.3 0.7

* = DATA FROM THE MOST POPULATED CLUSTER
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TABLE 31

CHLORIDE

ELEVEN CLUSTERS

PAGE 61

CLUSTER N MEAN ST. DEV. MEDIAN LOW HIGH

1 7 44.7 0.8 45.0 44.0 46.0

2 331 9.8 1.1 10.0 6.8 11.1 '
3 642 22.2 1.2 22.0 20.2 24.7

4 18 40.6 1.4 40.5 39.0 42.7

5 255 26.6 1.4 26.5 24.9 29.5

6 1329 17.9 1.4 18.0 15.6 20.1

7 11 5.1 1.2 5.1 3.2 6.7

8 778 13.6 1.2 13.8 11.2 15.5

9 31 36.9 1.2 37.0 35.0 38.6

10 3 50.6 2.4 50.0 48.6 53.2

11 91 31.9 1.3 32.0 29.6 34.2

TABLE 32

CHLORIDE

TWELVE CLUSTERS

CLUSTER N MEAN ST. DEV. MEDIAN LOW HIGH

1 12 42.4 1.1 42.2 41.0 44.0
2 28 38.2 0.9 38.0 37.0 40.0
3 331 9.8 1.1 10.0 6.8 11.1
4 11 5.1 1.2 5.1 3.2 6.7
5 271 26.4 1.4 26.0 24.4 29.0
6 817 21.6 1.3 21.4 20.0 24.3
7 24 34.8 0.8 34.6 33.7 36.0
8 2 51.6 2.3 51.6 50.0 53.2
9 744 13.5 1.2 13.6 11.2 15.4

10 5 45.9 1.5 45.1 45.0 48.6
11 82 31.5 1.1 31.7 29.1 33.0
12 1169 17.5 1.2 17.5 15.5 19.9
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TABLE 35

PRELIMINARY CLUSTER ANALYSIS

CONDUCTIVITY (UMHOS/CM) AT 25 °C - WESTERN BASIN
SEASONAL BREAKDOWN

PAGE 64

CLUSTER SEASON N MEAN ST. DEV. MEDIAN LOW HIGH

1 ALL 150 487.78 47.66 475.00 428.00 5'87.00

2 ALL 77 137.08 25.64 138.00 34.00 175.00

3 ALL 4526 257.00 20.59 259.00 178.00 293.48

4 ALL 1101 326.69 32.09 315.00 293.71 427.00

5 ALL 34 638.99 28.76 640.00 595.00 700.00

1 1 3 488.00 16.52 480.00 477.00 507.00
1 2 102 493.83 48.92 480.83 428.40 587.00
1 3 31 428.76 49.90 468.18 430.00 580.00
1 4 14 454.81 11.71 452.00 431.46 473.00

2 1 65 135.82 27.03 138.00 34.00 • 175.00
2 2 8 136.13 12.22 140.00 118.00 148.00
2 3 ND ND ND ND ND ND

2 4 4 159.90 2.89 159.50 157.00 162.00

3 1 76 240.08 34.05 240.50 178.00 290.00
3 2' 1512 263.22 18.16 266.00 207.00 293.00
3 3 2082 255.57 19.82 256.00 190.00 293.48
3 4 856 251.03 21.63 251.77 178.00 293.00

4 1 34 338.74 31.53 330.00 300.00 420.00
4 2 528 330.12 34.15 318.00 294.00 427.00
4 3 401 319.31 25.34 311.10 294.00 426.00
4 4 138 332.08 37.39 317.00 293.71 423.51

5 1 ND ND ND ND ND ND
5 2 27 637.13 26.96 640.00 595.00 700.00
5 3 7 646.14 36.39 643.00 600.00 690.00
5 4 ND ND ND ND ND ND

* SEASON 1 JANUARY - MARCH
* SEASON 2 APRIL MAY

* SEASON 3 JUNE - SEPTEMBER
* SEASON 4 OCTOBER - DECEMBER



f%\

PAGE 65

TABLE 36

CLUSTER STATISTICS

USING STANDARDIZED NON-TRANSFORMED CHLORIDE DATA

CLUSTER CUBIC CLUSTERING OVERALL VARIANCE*

CRITERION ESTIMATED RATIO

R2

5

6

7

AN 8

9

10

11

12

13

*, 14

61.1907 0.9601 5.21

66.7596 0.9723 6.70

71.2620 0.9797 8.31

71.6792 0.9845 10.94

67.0480 0.9877 15.76

69.1717 0.9901 18.60

74.0589 0.9918 20.07

77.5909 0.9931 22.01

79.8497 0.9941 24.56

81.5340 0.9950 27.45

* Variance Ratio = Between-Cluster Variance/Within-Cluster Variance

s?$l
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Table 37. Single Variable Cluster Statistics for Conductivity
PAGE 66

SAS

PASTCLOS PBOCEOUBE

BEPLACE=rOLL BAOIOS=0 HAZCLUSTEES=7 8AZITEB=1

IIITIAL SEEDS

C1USTEB CORD

CLCSTEB BES STD

NUCBER FREQUENCY DEVIATION

1 2759 11.4811

2 3243 13.4189
3 88 14.2250
4 40 23.3123

5 162 22.2926
6 23 14.7288
1 435 19.3962

210.000
290.000
118.000

520.000

440.000

600.000

366.710

cxosteb sunnAHI

HAZZRUB DISTANCE PHOH

SEED TO 08SEBTATI0K

37.6732

39.3429
36.2727

39.0719

40.090b

26.8*41

39.3356

NEAREST CENTROID
C10STEB DISTANCE

2 40.2640
1 40.2040
1 66.2241
6 67.7224
4 72.8842
4 67.7224

2 6b.81*6

VARIABLE

649 OBSESVATION(S) HEBE ORITTED DOE TO SISSIIG VALOES

STATISTICS TOR VABIABLES

TOTAL STD tflTBIN STD B-SQUABED HSC/0-RSO)

CONO

OVER-ALL

49.282990

49.282990
13.S28955

13.528955
0.924708

0.924708

PSEUDO F STATISTIC = 1J802.52
APPBOZIBATE EXPECTED OVEB-ALL B-SQOABEO = O.S/964

CUBIC CLOSTEBINC CBITEBICN = -77.789

SAS

FASTCLUS PBOCZDOBE

CLOSTEB BEANS

CIOSTEB CONO

1 237.054
4 277.318
3 170.830
4 507.600
% 434.715

t 575.322
1 343.133

CLUSTER STANDARD DEVIATIONS

CIUSTEH CONO

1 11.4811

13.4189
14.2250

23.3123

22.2926

14.7288

19.3962

12.281644

12.281644



Table 38. Single Variable Cluster Statistics for Chloride

SAS

FASTCLUS PJiOCEDUBE

BIFLACE=FULL EADIUS=C KAXCIUSTEBS=7 BAIITER=1

INITIAL SEEDS

ClUSTEE CI

1 19.0000
* 35.0C00
3 27.0000

« 3.2000
I 42.7000
t 50.0000

"• 11.0000

CLUSTER SUBRART

XAZIBOB DISTANCE rSOB
SEED TO OBSEBVATICN

3.5863
3.9623
3.8746

3.2111

4.0056
3.3000

3.3103

1564 CBSEHTATICI IS) BEBE ORITTED DOE 10 8ISSINC VALUES

STATISTICS FOB VABIAE1ES

l°Hl fj° BITHIB STD B-SQOAflED RSC/(1-HSC)

OVEB-ALL I'SH^t 1-9302883 . O.8994J61" er^ISgOVER ALL 6.0771711 1.9302883 0.8994361 8.9439289

PSEUDO F STATISTIC = 2771.13
APPBOZIBATE EZIECTED OVEE-ALL a-SQOABED = 0.97978

CCEIC CLUSTERING CBITEBION * -50.140
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CLUSTER SCS STD
KCr.BEH FREQUENCY EEYlATIOl

1 940 1.9522
2 63 1.0383
3 285 1.9743
4 26 1.5662
5 25 2.6368
6 3 2.C296
7 524 1.8276

KEABEST CEkTECIC

CLUSTER DISTANCE

7 5.9J6e
2 7.6221
1 6.6089

7 5.4970
6 7.6120

5 7.6120
- 4 5.4970

TABiAELE

SAS

FASTCLUS PfiOCEDUBE

CLOSTEB BEARS

ClUSTES CL

1 18.4676
* 32.7286

2 25.0965
* 7.0538
' 40.588G
I 46.2000
"* 12.5506

CL05TER STAKDABD DEVIATIONS

C13STER CL

1 1.55224
: 2.03830
3 1.97425
* 1.56620
I 2.63681
6 2.02978

1 1.82763



Table 39. Variable Cluster Statistics for Turbidity
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^

f^S

SAS

FASTCLOS PROCEDUBE

BEPLACE = rGLL BAZCLOSTEBS = 7 RAX1TEB = 1

SEED BEP1ACERENTS: FIBST LEVEL - 7 SECONO 1EVEL = 36

INITIAL SEEDS

C1USTEB TUBB

1 16.7000

2 65.0000

3 82.0000

4 49.0000
5 100.0000
6 0.400Q

7 33.0000

CLOSTEB SUBRABY

CLUSTER KERSEBS BBS ST OEV BAZ DISTA

1 1224 3.565852 7.833032
2 50 4.24341 8.153846
3 24 3.988207 6.857143
4 110 4.601017 8.095918

5 12 3.942772 8.444444

6 3482 2.239195 5.039679
7 385 4.390121 8.017423

m STATISTICS FOB VARIABLES

VARIABLE TOTAL STD BITHIN STD B-SQUAflEB VAH BATIO

IUBB 12.2219214 2.8910794 0.9441082 16.8917227
OVEB-ALL 12.2219214 2.8910794 0.9441U82 16.8917227

ArPROXIflArE EZPECTED OVEB-ALL R-SQBAaED = 0.9797 CUEIC CLUSTEBIHC CRITERION =-53.197«
UABRINC: THESE VALUES ABE INVALID IF VARIABLES ARE CORRELATED

f*\

^\

^

<**>

CLOSTEB BEANS

CLUSTZB TUBB

1 14.25948
2 62.44000
3 76.91667
4 45.70000
5 95.50000
6 4.26066
7 26.60831

SAS

FASTCLUS PROCEDURE

CLUSTER STANDABD DEVIATIONS

CIUSTEB TUBB

1 3.565852
2 4.24 3410
3 3.968201
4 4.6010H
5 3.942772
6 2.239195
7 4.390121
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Table 40. Single Variable Cluster Statistics for Total Suspended Solids
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SAS

FASTCLUS PBOCEDUBE

HEPLACE=fULL EAD1US=0 BAZCLOSTEBS= / BAZITER=1

INITIAL SEEDS

CIDSTEB TSS

44.190

22.190

0.100

139.640

67.000

89.100

112.000

CLUSTER SUBRABX

CLCSTER RRS STD

NURBEB FBEQOENCY CEVIATIOR

1 120 6.0321

2 387 4.7683

S 673 3.296b

4 3 7.9628

5 37 6.3863

6 11 5.3916

7 9 4.9464

RAZIBUR DISTANCE FliOH

SEED TO 0&SEBVAT10N

11.3636

11.0169
6-7975

8.3900

10.9911

10.4336

9.4990

XEAEEST

CLUSTER

CESTBCIE

DISTANCE

19.6809

14.1159

14.1159
21.6278

23.7636
20.1619

20.1619

VABIABLE

TSS
OVER-ALL

6159 CbSEBVATION IS) »EBE ORITTED DOE 10 BISSING VALUES

STATISTICS FOR VARIABLES

TOTAL STD HITHIR STD B-SQUABED

16.386705
18.286705

4.270894

4.270894

0.946J07

0.946JU7

PSEUDO F STATISTIC = 3621.78

APPBOZIBATE EIFECTED OVEB-ALL.B-SQOABED = 0.97967
CCEIC CLUSTEBIRC CRITEEICN = -25.002

SAS

FASTCLUS PBOCEDUBE

CLOSTEB BEANS

C1USTEB TSS

41.166

21.285

7.169

130.523

64.970

88.734

108.896

CLUSTEB STANDARD DEVIATIONS

CIUSTEB TSS

1 6.03214

2 4.76831

3 3.29653
4 7.96282
c 6.38628

6 S.39156

7 4.94638

BSC/O-HSC)

I7.6242tt0
17.624 240



Table 41. Single Variable Cluster Statistics for Total Phosphorus

SAS

FASTCLUS PBOCEDUBE

REFLACE=FULL PADIOS=0 HAXCL0STEflS=7 BAXITER=1

INITIAL SEEDS

C1USTEB TP

PAGE 70

1 0.154500
2 0.390000
3 0.003600

4 0.481200

- 0.079000

m t o.310000

7 0.230000

CLOSTEB SURRAHY

BAZIBUB DISTANCE FBOR

SEED TO OBSERVATION

0.0366

0.0481

0.0241

0.0359

0.0366
0.0411

0.0358

643 OBSEfiVATIOB (S) WEBE OBITTED DUE TO HISSING VALUES

STATISTICS FOR VARIABLES

VARIABLE TOTAL STD NITHIN STD B-SQUAKID BSC/(1-BSC)

IP 0.060790 0.015293 0.936648 14.83a930
OVER-ALL 0.06U79O 0.01529J 0.936U48 14.8J4930

PSEUDO F STATISTIC = 6873.52
APPBOZIBATE EZFECTED OVEB-ALL B-SQUAREC = 0.97972

CDEIC CLUSTERING CBITERICB = -43.398

CLUSTER IKS STD

ktEBEB FREQOENCT CETIATIOS

1 335 G.C199
2 12 0.0238
3 1367 C.0103
4 0 0.0163

5 949 0.0163
6 22 C.0215
7 94 0.0199

,/$^

SAS

FASTCLOS PROCEDURE

CLOSTEB REANS

C1USTEB TP

1 0.139736

2 0.395100

Ar 3 0.026776
4 0.465850

5 0.075811

6 0.297082
1 0.207747

CLUSTER STANDARD DEVIATIONS

C10STEH TP

1 0.019931
2 0.023791
3 0.010322
a 0.016272
.

0.018290
6 0.021538
1 0.019922

NEAREST CENTBCID

CLUSTER OISTAHCE

5 0.0639
4 0.0708
5 0.0490
2 0.0708
3 0.0490
7 0.0893

1 0.0660
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Table 42. Single Variable Cluster Statistics for Total Dissolved Filtered

Phosphorus
SAS

FASTCLUS PhOCEDUBE

RE?LACE=FULL BADIUS=0 RAZC1USTESS=7 EAIITEE=1

INITIAL SEEDS

C1USTER TDFP
-—— — - .——.——-_

1 0 .087900
* 0 .041600
3 0 .212000
4 0,.127100

0..295600
6 0..170000
7 0,.001100

CLLSTEB ItZ STD
NL'RSEB FBEQOENCY CEVIATIOt

- • •———— •-^———_____.--———____»

1 176 0.0110
2 482 .0069493
3 6 .0C64871
4 37 C.C109
5 2 0.0158
6 16 0.0112
7 1711 .0056048

CLUSTER SCBRABT

RAZIBUR DISTANCE FBOH
SEED TO OBSERVATION

0.0217

0.O20O

.0085333
0.0194

0.0112

0.0195
0.0141

1000

KEABEST CENTROID
CLUSTER DISTAXCE
•—-———— — -———_____

2 0.0352
7 0.0269
6 0.0373
6 0.0463
3 0.0806

" 3 0.0373
2 0.0269

OBSEBVATIC8(S) HEBE ORITTED DUE TO HISSING VALUES

VABIAELE

TCFP

OVEB-ALL

STATISTICS FOB VARIABLES

TOTAL STD WITHIN STD S-SQUAREO

0.028190

0.028190
0.007043
0.0U7O4 3

U-937733

0.937733

PSEUDO F STATISTIC =
APPBOZIBATE EXACTED OVEB-ALL R-SQOAHEC s

CCPIC ClUSTEBING CRITEBICH =

SAS

TASTCLOS PEOCEDORE

CLOSTEB BEANS

C1USTEB

1

TDFF

0.072826
0.037589
0.203833
0.120224

0.284450
0.166562
0.010669

CLUSTER STANDARD DEVIATIONS

C10STEB TDFP

0.011048
0.008949
0.006487
0.010685
0.015766
O.OIllsq
0.005605

6C81.73

0.97973

-40.051

RSQ/(1-flSCI)

15.059997
15.059997
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Table 43. Single Variable Cluster Statistics for Nitrate plus Nitrite

SAS

kastclus Procedure

f.eflace =full racios=0 kaxclusters=7 .". axiteh= 1

initial seeds

cluster n02n03

1 2.U500

2 n.jooo

3 S.1200

U 0.0000

5 45.0000

6 7.7000
7 53.0000

CLUSTSr. RRS STD

sup.:-ef fhE;„UE:.'CY DEVIATION

1 7S 0.6219

2 3 0.8824

3 25 0.7442

u e:o 0.2558

5 2 0

6 14 0.8139

7 1 .

CLUSTER SUBEARY

HAXIEUR C1STANCE FROH

SEED 70 OBSERVATION

1.4550

1.0200

1.4255

0.8557

0

1.3C15

0

2456 OBSERVATION(S) SERE CSITTED DUE TO HISSING VALUES

KEAKES? CENTROID

CLUSTER DISTANCE

4 1.5461

6 2.05et

6 2.6966

1 1.5U61

7 8.0000

3 2.6966

' 5 d.0000

STATISTICS FOR VARIABLES

VARIABLE TOTAL STD WITHIN STD R-SQUAaED RS0/(1-3SJ)

N02N03 2.967459 0.338420 0.987077 76.380263
OVEE-ALL 2.9674*9 0.333420 0.967077 76.3e0263

PSEUDO F STATISTIC = 11928.05

AFrp.CXlr.ATE EXPECTED OVER-ALL R-SyUARED = 0.97996
CUEIC CLUSTERING CRITERION = 9.757

SAS

FASTCLUS PROCEDURE

CLUSTER BEANS

CLUSTER N02N03

1 1.8092
2 10.3200
2 4.6628
4 0.2631

15.0000
6 7.3614
7 S3.OOOO

CL0S7EJ! STANDARD DEVIATIONS

CLUSTER N02N03

1 0.621908
2 0.883402
3 0.744180
" 0.255763
- 0.000000
6 0.618910
7



Table 44. Single Variable Cluster Statistics for Uncorrected Chlorophyll a

PAGE 73SAS

FASTCLUS PROCEDURE

REPLACE=FULL RADIUS=0 BAXCLUSTERS=7 HAXITERM

INITIAL SEEDS

CLUSTER CHL

65.660

107.400

63.980

0.110

12B.960

42.720

21.390

CLUSTER SUBHART

CLUSTER RBS STD

NU.18ER FRE3UENCI DEVIATION

1 39 U .5838
2 8 S.9B12
3 115 6.04S9
tl 407 3.2220
5 1 •

6 280 5.5937
7 336 5.1355

iUXI.IUH DISTANCE FROB

SEED TO OBSERVATION

NEAREST

CLUSTER

CEHTR3ID

DISTANCE

VARIABLE

CHL

OVER-ALL

9.2170

11.4725

10.4522

6.9203

0

10.7709

10.7909

STATISTICS FOR VARIABLES

TOTAL STD »ITHIN STD R-S3UARED

20.778013

20.77B013
a.786517

4.786517
0.947203

0.947203

PSEUDO F STATISTIC = 3498.39
APPROXIMATE EXPECTED 3VER-ALL R-53UARED = 0.97939

CUBIC CLUSTERING CRITERION = -23.959

SAS

FASTCLUS PROCEDORE

CLUSTER BEANS

CLUSTER CHL

79.760

100.959
59.065
6.877

128.960
40.050

20.811

CLUSTER STANDARD DEVIATIONS

CLUSTER CHL

K.5B085
5.99118
6.00592

3.22197

5!59370
5.13550

20.6951

21.1991

19.3145

13.93V4
28.3312

19.3145
13.9344

RSD/(1-RS3)

17.9U3'4 48

17.910CUB
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TABLE 45

CLUSTER STATISTICS

USING STANDARDIZED LOG-TRANSFORMED CHLORIDE DATA.

CLUSTER CUBIC CLUSTERING OVERALL VARIANCE*

CRITERION ESTIMATED RATIO

?®\ R2

rf!\

^\

^s

rfS\

f9\

ffl>

f8\

m

5

6

7

8

9

10

11

12

13

14

61.1907 0.9601 5.21

66.7596 0.9723 6.70

71.2620 0.9797 8.31

71.6792 0.9845 10.94

69.5644 0.9877 14.79

67.6646 0.9901 19.32

77.1008 0.9918 18.60

80.2753 0.9931 20.60

74.0496 0.9941 28.34

77.1559 0.9950 30.58

* Variance Ratio = Between-Cluster Variance/Within-Cluster Variance
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TABLE 46

CLUSTER STATISTICS

USING STANDARDIZED NON-TRANSFORMED MULTI-VARIABLE DATA (N=5)

CLUSTER CUBIC CLUSTERING OVERALL VARIANCE*
CRITERION ESTIMATED RATIO

R2

4

5

6

7

8

9

10

11

12

13

14

* Variance Ratio = Between-Cluster Variance/Within-Cluster Variance

37.537 0.3727 1.6711

35.494 0.4548 2.1340

29.507 0.5255 2.3866

28.518 0.5566 2.6863

27.080 0.5824 2.9174

28.226 0.6041 3.3176

29.546 0.6228 3.7450

29.066 0.6392 4.0038

31.097 0.6537 4.5283

30.225 0.6668 4.7266

27.911 0.6786 4.7220
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TABLE 47

CLUSTER STATISTICS

USING STANDARDIZED LOG-TRANSFORMED MULTI-VARIABLE DATA (N=5)

CLUSTER CUBIC CLUSTERING OVERALL VARIANCE*

CRITERION ESTIMATED

R2

RATIO

4 44.903 0.3727 1.9559

5 35.613 0.4548 2.1426

6 32.651 0.5255 2.5621

7 33.997 0.5567 3.0510

8 33.383 0.5824 3.3930

9 35.758 0.6041 3.9817

10 36.332 0.6228 4.4238

11 32.080 0.6392 2.0289

12 31.794 0.6537 4.6093

13 34.603 0.6667 5.2886
14 33.475 0.6786 5.4610

* Variance Ratio = Between-Cluster Variance/Within-Cluster Variance
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TABLE 48

COMPARISON OF THE INDIVIDUAL MULTIPLE CLUSTER MEAN CONCENTRATIONS WITH
COMPUTED MEANS AND MEDIANS FOR EACH VARIABLE

VARIABLE MULTIPLE CLUSTER NUMBER MEAN MEDIAN

TURB 5.5 26.4 5.9 13.4 5.5 17.2 3.1 8.8 4.5

TP 61.1 159.0 20.3 81.3 40.8 100.0 31.3 65.8 46.3

TFP 18.9 51.9 5.7 46.3 13.8 22.8 9.5 25.8 14.6

CHL 26.0 46.4 9.1 7.5 10.1 38.1 9.3 20.3 14.8

CL 17.6 28.9 12.4 19.0 12.7 21.4 18.7 18.3 18.0

TURB - TURBIDITY (JTU + NTU)
TP - TOTAL PHOSPHORUS (UG/L) '
TFP - TOTAL FILTERED PHOSPHORUS (UG/L)
CHL - UNCORRECTED CHLOROPHYLL

CL - CHLORIDE



Table 49

Clustering of the Homogeneous Zone Cluster
to Determine Number of Sampling Stations

PAGE 78

GRID# CLUSTER '.'".%DISTANCE •".
2J~S5 rHURSOAt, W'JfbHHfaR li. 1786 57'

10
11

12
:>'.. 13"
—• -14

. 15
., 16

17"
18
19
20
zr

- 22
23
24
25"
26
27
28

. :. 4.T"
- 30

31
" 32

33-

34
35
36

T3TT

39
40

-4-r
*2

_A3_
4<T

"45-
46
47
48

-49"
50
51
?2

-53-
54
55
56

"57-
58
59
60
61
62
63
64

•65"
66
67
66
f 9

71

74

76
"77

LOSS

B^.«i>UU
82.8333
83.1500
82.9500

"B3T3833'
82.9933
92.9500
B3.0167

•B7VD3T3-
82.8333

83.2500
•^^372157"
•.V. 8 2.9157

.82.6167
.:•- B2.5500
: 8T59501T

82.9500
83.1333
82.8167

• •• 82.er6T-
82.7500

.82.7333
82.8530

—sr:6333-
32.9333
83.0333
83.0167

82 .93 33
33.1167

•• 83.0500
tiZ.lLbl
82.7167

-' B2.9333
82.7167

,„ .B2.630"OT
82.9167
83*2333
83.1500

-3-2-^3-33-
83.2533
R?.mi
63.016 7

"ff2-i9l6-7-
82.9333
33.1333
83.0500

-83-50500-
82.9167
82.6500
33.1333

-8-3T31B7-
83.3167
83.1157
83.1503

-S2";6332-
52.6333
63.1167
83.1330
82.9500
B3.0333
33.1233
32.9333

"5771333"
82.7333
82.3333
33.3530

s;-.2i&?
52 .733?
33.2167
33.15^0
-" .7500B2
32.7933

JTO?
b^.JaJC

VLBTI

41.8167
41.3167
41.85C0
41.9167"

: 41-9833
.41.9167
.41.9500
41.95TQ-
41.98 33

_&lI±LfcI_
41.7833

— 41. at/
^i? 41. 9167
v-": 41. 98 33
yr~41.9833

4rr95tW
41.8833
41.8833
41.9833

-.-••> .41.916/
•^41.9167
Sik 41.9167
♦I>r41.9167

- 41.yibi
• 41.9500

41-7500
41.8500

-.41. y 8 33
-41.8833
-- 41-85C0
•>-41.85C0

— 41.9Bii
41.95CO
41.8167
41.9167

.",-41.ybUU
41.9833
41.7833
41.7167

"41. 75 CO
41.8833
41 .7R.^.
41.9833"

-4-1-T95T0-
41.9167
41.95CO
41.88 33
-41~95CO-
41.8500-
41.93 33
41.75 CO

-%nr?833-
41.6167
41.98 23
41.75CO

-41-.-9833-
41.95C0
41.95C0
41. £5CO

"41.7833
41.85C0
41.85C0
41.E5C0

TJ1.VI6/
41.9833
41.9167
41.9167

-41.-F9C0"
<»1..V3CJ
«.L.-«5C0
«>l.f.5C3

"41.?S33
41 .9v%33
41.2833
41.8823

-at fTTfiT-

^' .♦.»!>■ 7

41.98 33

---r'''«-l -t'X
1

-. .-> l—^r

—^r

U.U4666
0.158*2
0.48652
0.71716
0T74540"
0.75224

-; 0.82436
0.88326
0T9T7TT
0.96252
n.o«fc?o

1.00633
,o-_l.UU6J3 -,.
•.-trl»06862 -3-
:r1.10138 v

rr-1.12679 ."
TTT6669
1.22521
1-30008
1.30753

x~r 1.33885 .}>
-v 1.34996 Ir-

'*£ 1.36687 2=:
1.384/5
1.39336
1.40184
1.41632

•2 I.4IB817
^J-^2932

J?T1.463Z5
^.-1.58314

1.63468-
- 1.65545
.1.66951
• 1.70527

• • l./i5^9
£••1.79675

v3?« 1.84 344
..i 1.84801

1 -876^8
1.98076
L»a°£i22_

1
• 1

1

.'(

..yj.-:i .-5;
r-—:

1
TT

•1
-•1

'• 1
—r

1
1
1

—r
1
1
1

—r
1
1
1
1
1
1
1

2.00480
•• 2.U1386-

m-: 2.06555
.••2.09321

7.10431

2.22287
2.26622
2.26656

-2-..45134-
2.46680
2.51554
2.53028
2.54210
2.54280
2.60882
2.62611

-2T69C68"

UMll
2.9C692

'Z^lfil?'
3.10712
3.2110/
3.2*0«»1

"3.30595
3.57432
3.66353
3.67772

~ ^1714:
ft-" f^

5.48193

MSD34 -.'&&MED17
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Figurela.Westernbasinbathymetry.
(TakenfromBartish,1984)
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Figurelb.Dominantsurfaceflowpatterns,westernbasinLakeErie
(TakenfromBartish,1984)
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FIGURE 2. CLUSTER ANALYSIS FLOW CHART

DATA BASE AQUISITION

STATION LOCATION INVENTORY (STATION LOCATIONS PLOTTED)

»
VARIABLE INVENTORY - N, MEAN, MEDIAN, STD. ERR., MINIMUM, MAXIMUM

FREQUENCY DIAGRAM BY SEASON, MONTH, YEAR, OVERALL

CLUSTER ANALYSIS PRELIMINARY - CHLORIDE AND CONDUCTIVITY

INDIVIDUAL VARIABLE CLUSTER ANALYSIS

MULTIPLE-VARIABLE CLUSTER ANALYSIS

?
GRID ANALYSIS' TO DETERMINE FUTURE STATION PATTERN

i
SEASONAL VARIABILITY TO DETERMINE FUTURE SAMPLING SCHEDULE
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