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1.0 INTRODUCTION

1.1 Background

Since 1989, the Massachusetts Water Resources Authority (MWRA) has performed water quality
measurements in areas of Boston Harbor and the Mystic, Charles, and Neponset Rivers which are likely to
be affected by combined sewer overflows (CSOs). Under this ongoing monitoring program, samples are
collected and analyzed for densities of two sewage indicator bacteria, fecal coliform and Enterococcus, as
well as for temperature, salinity, and dissclved oxygen. Sewage indicator bacteria in the CSO receiving
water system (i.e., Boston Harbor and its tributary rivers) originate primarily from raw sewage that is
released from CSO discharges during rainfall events, or from storm drains that have been contaminated

with sewage.

This report investigates the issue of whether or not a statistically significant decrease in sewage indicator
bacteria counts has occurred within the CSO receiving water system since the inception of the monitoring
program. During this time peried, a number of modifications and improvements to the MWRA sewer
system have been implemented, intended to decrease the amount of raw sewage entering Boston Harbor.

For example, two screening and chlorination plants have been constructed, an effort has been made to locate

‘and remove illegal sewage connections to storm drains, and CSO tide gates are being inspected and
~ maintained in good working order. Such improvements should lead to a systematic decrease in receiving

walter bacteria counts, i.e., some sort of statistically significant temporal trend should be discernable, which
is correlated to known CSO system improvements.

1.2 Characteristics of the Data

This report utilizes CSO receiving water data that were collected between 1989 and 1996, and analyzed for
counts of fecal coliform and Enterococcus. A total of 8646 fecal coliform and 8272 Enterococcus sample
counts are available for this study, comprised of surface samples throughout the receiving water system and
bottom samples for stations in the tributary rivers only. The tidal condition and sampling date for each
sample were also used, and daily rainfall data at Logan Airport over this time period were obtained from the
National Weather Service. A compfehensive description of the monitoring program is provided in the
MWRA CSO Receiving Water Monitoring report (Rex, 1991).

. A total of 130 sampling stations were utilized in this study. Station locations are shown in Figure 1-1. Due

to the broad spatial coverage of the stations, samples could not be collected synoptically at all stations over
a given time period. Also, the most intensive sampling occurred during warm weather periods; during
colder weather, sampling was limited to those unfrozen waters easily accessible from shore. Few stations
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have data over the entire 1989-1996 period, and those that were sampled each year were not necessarily

sampled in the same month each year. What results is a highly unevenly distributed data set, both spatially
and temporally.

In addition to the irregular sampling intervals, the samples comprising the data set were collected under
highly variable environmental conditions, which may influence sewage indicator bacteria counts. Examples
of physical parameters which influence receiving water bacteria counts include rainfall, tidal state,
geographic location, salinity, and temperature. In particular, bacteria counts are expected to be strongly
related to rainfall, since raw sewage discharges occur primarily when stormwater runoff causes the capacity
of the combined sewer/stormwater drainage and treatment system to be exceeded.

1.3 Previous Work

As part of their CSO Receiving Water Monitoring program, MWRA has produced reports summarizing the
water quality within the receiving water system with respect to sewage indicator bacteria (Rex, 1991, 1993).
These reports incorporate anthropogenic and environmental factors to help assess relationships between the
variables that influence water quality, in particular the relationship between rainfall and bacteria counts.
However, these reports focus on existing conditions in specific geographic areas within the receiving water
system, and how they compare with water quality standards. Solow (1993) conducted a preliminary study
on long term changes in the rainfall-bacteria count relationship at individual sampling stations. Gong et al.
(1997) developed a more comprehensi\re framework to assess interannual variability in bacteria counts
throughout the CSO receiving water system, and to correlate the changes to improvements in the CSO
drainage and discharge system.

This report represents a continuation and extension of the work initiated in Gong e «l. (1997), which
utilized data collected between 1989 and 1995, The primary differences between the data sets used in Gong
et al. (1997) and this study are the inclusion of 1996 data, and the use of recorded tidal elevations for all
samples instead of predicted tidal elevations used in the previous study.

1.4 Study Objectives

Both the irregular nature of the sampling program and the various physical parameters involved in the
complex CSO receiving water system present a challenge to analyzing the impact of improvements to the
CSO drainage and treatment system on sewage indicator bacteria counts. Statistical techniques are
developed in this study to account for the necessarily constrained and highly variable data, and to isolate the
effect of systemwide improvements implemented during the period from 1989-1996. The objectives are to
select, apply, and evaluate statistical methods suitable for answering the question: has CSO receiving water
quality improved despite natural variations in rainfall and other environmental factors, and if so at what
level of statistical significance?
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1.5  Organization of this Report

Following this introduction (Section 1), Section 2 of this report describes the basic analytical approach that
was followed to develop an appropriate statistical analysis, given the characteristics and constraints of the
available data. The selected statistical methodology, a Factorial Analysis of Variance using Randomized
Blocks, is described in Section 3. Section 4 contains a brief summary of the procedure used to carry out the
analysis. The results of the statistical analysis applied to the overall receiving water system are presented
and discussed in Section 5, for both fecal coliform and Enterococcus. Section 6 contains an evaluation of
the applied statistical methodology, to assess the effectiveness in accounting for the various physical
parameters and thus isolating the effects of systemwide improvements. Individual rainfall levels and
geographic regions are analyzed using the same basic methodology in Section 7. Section 8 presents a brief

* comparison of this study to the work initiated in Gong et. al. (1997). Finally, conclusions are presented in

Section 9.
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2.0 ANALYTICAL APPROACH

Previous analyses of CSO receiving water quality have focused pn'mérily on the relationship between
sewage indicator bacteria counts and rainfail at individual stations, using basic statistical techniques such as
linear regression (Rex, 1993). Linear regression is a fundamental technigque, which can easily be extended
to assess changes in water cjuality over time by comparing the regressed bacteria count-rainfall relationship
obtained for different years. Unfortunately, the irregular nature of the available data set and the need to
account for competing environmental factors make it difficult to reliably define a rainfall-bacteria
relationship at an individual station, much less to detect statistically significant changes in the regression
relationship from year to year. Although rainfall is likely to have the greatest influence on bacteria counts,
other variables such as tides, geography and-seasonality also exert considerable influence.

The analytical approach for the present study is described in this section, taking into consideration the
objectives of the study and the characteristics of the available data set. The approach is comprised of three
main parts: 1) Selection of an appropriate statistical hypothesis which maximizes the strength of the
analysis while providing a meaningful result; 2) consideration of the entire CSO receiving water system
within the scope of the analysis, and 3) identification of key variables which affect receiving water bacteria

counts.
21 Selection of an Appropriate Statistical Hypothesis

The basic hypothesis investigated in this study is that sewage indicator bacteria counts in the CSO receiving
water system have decreased during the period from 1989-1996, when the effects of all known
environmental variables have been accounted for. Assuming that some unknown environmental factor is
not responsible, this hypothesis then implies that improvements to the CSO drainage and treatment system
during this time period are responsible for any observed decrease. The nmull hypothesis is that no temporal
decrease in bacteria counts exists.

This hypothesis addresses the most fundamental question posed by the objectives of this analysis, since
sewage indicator bacteria are indicative of CSO discharges. However, no attempt is made to address more
complex questions, such as identifying functional relationships between bacteria counts and rainfall, or
correlating bacteria counts with other parameters. Limiting the objectives of the study in this manner
increases the potential for obtaining a statistically significant result. The selected hypothesis was carefully
developed to maximize the strength of the statistical analysis while successfuily addressing a worthwhile
and fundamental question.
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2.2 Consideration of the Entire CSO Receiving Water System

This analysis seeks to detect statistically significant decreases in bacteria counts at all CSO receiving water
stations considered as a whole, instead of focusing on individual stations or local groups of stations.
Previous analyses of CSO receiving water data have shown that more data need to be collected over a
longer period of time to detect statistically significant changes at individual stations (Rex, 1991, 1993;
Solow, 1993). In addition, focusing on individual stations makes the irregular sampling intervals more
problematic, since long periods may exist that have little or no data.

By stepping back to a regional scale that looks at all stations considered together, the entire data set is
utilized, and temporal coverage is improved to a level consistent with the overall monitoring program. Asa
result, the ability of an analysis to provide statistically significant results improves. Although detailed
questions, such as whether bacteria counts immediately downstream of a newly expanded treatment plant
have decreased, cannot be answered by such an approach, the fundamental question of whether bacteria
counts within the entire CSO receiving water system have decreased can be answered with greater
reliability. *

2.3 Identification of Key Variables Affecting Sewage Indicator Bacteria Counts

In a system as complex as Boston Harbor and its tributary rivers, a multitude of variables can potentially
impact sewage indicator bacteria counts. Examples range from sewer system improvements, to weather
conditions (e.g., rainfall, temperature, and sunlight), to hydrodynamic flow and transport patterns. - To
include all possible factors would require incorporating sophisticated mathematical and physical modeling
~ techniques. B

On the other hand, neglecting the naturally occurring variations masks the ability to discern improvements
resulting from the sewer system improvements. A straightforward comparison of bacteria counts before
and after the implementation of system improvements is of little benefit. For example, rainfall and the
subsequent volume of CSO discharge during the period after system improvements may be higher than
during the period before system improvements. Under such conditions, receiving water bacteria counts
may be higher for the period after system improvements if the increased volume of CSO discharge
overwhelms the bacteria count decreases due to sewer system improvements.

Therefore, this statistical analysis focuses 6nly on certain key variables. Key variables are defined as those
which are expected to account for most of the variability in sewage indicator bacteria counts, and for which
reliable sample data are available. Five key variables identified for this study are listed and briefly
described below. '
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«  Sampling Year. This is the fundamental variable of interest for this study, since the objective is to
determine statistically signiﬂcémt interannual decreases in bacteria counts over the eight year
period of study, from 1989 to 1996. Samples collected during the later years of this period may
have lower bacteria counts than samples collected in early years, due to systematic improvements
in the CSO drainage and discharge system, once competing environmental variables have been

accounted for.

*  Rainfali. Increased bacteria counts are expected to be strongly correlated to rainfall events, since
CSO discharges principally occur when the addition of stormwater runoff exceeds existing pipe
capacities. A lag time may exist between the incidence of a rain event over the sewer system and
the responding bacteria count increase in the receiving water rivers, and in particular Boston
Harbor. “ Counts are expected to be lowest during dry periods, and to increase in response to
rainfall events of increasing intensity and/or duration. Daily rainfall data at Logan Airport were
obtained from the National Weather Service.

e Geographic Location. Different regions within the CSO receiving water system may exhibit
different bacteria count characteristics, due to a variety of physical reasons. Certain water bodies
may receive a greater CSO discharge volume than others. The condition of the sewer system and
the existence of treatment facilities varies throughout the system. Differences between river,
estuarine, and oceanic mixing patterns are also likely to affect regional bacteria counts. Precise
station location information is available for each sampling station.

«  Tidal Condition. Sample bacteria counts are likely to vary with the tidal condition at the time of
sampling. Flood tides introduce a substantial amount of oceanic mixing and dilution, increase the
salinity of the receiving water, induce transport of bacteria, and may inhibit CSO discharges by
keeping tide gates shut. In addition, only sampling stations located in or near Boston Harbor will
be influenced by tides, while stations located in tributary rivers upstream of dams will not be
subject to any tidal effects. Tidal condition information was recorded for every sample collected.

»  Seasonality. Intra-annual seasonality effects can influence water bacteria counts in a number of
ways. Temperature and salinity within the receiving waters can vary considerably throughout the
course of the year. Factors such as spring snowmelt runoff may affect the amount of freshwater
input and dilution. Precipitation patterns and intensities, and groundwater levels, vary throughout
the year, which may affect the likelihood of CSO discharges. For this study, the month in which
the sample was collected is used as the variable to account for overall seasonal variations in

bacteria counts.

Of these five key variables affecting CSO receiving water bacteria counts, the sampling year and rainfall
parameters are considered the primary variables of interest for this study. Rainfall is expected to be the
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single most influential variable in the CSO system, and sampling year is the variable which will be used to -

assess the impact of CSO system improvements, If the variability associated with these five key variables is
accounted for in the statistical analysis, then the sampling year variable serves as au effective indicator of
CSO receiving water quality improvement resulting from improvements to the CSO drainage and discharge
system.

Following this approach, an appropriate statistical methodology is developed in Section 3 that tests the basic
hypothesis concerning overall bacteria count decreases, considers the entire CSO receiving water system as
a whole, and focuses on sampling year and rainfall while systematically accounting for variations in
bacteria counts due to geographic location, tidal condition and seasonality.
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3.0 STATISTICAL METHODOLOGY

31 Factorial Analysis of Variance using Randomized Blocks

In accordance with the analytical approach described in Section 2, a statistical methodology has been

developed to address the basic hypothesis that sewage indicator bacteria counts in the CSO receiving water
systern have decreased during the period from 1989-1996, when the effects of all known environmental
variables have been accounted for. The methodology is derived from classical analysis of variance
(ANOVA) and experimental design téchniques, and is applied to the entire CSO receiving water system as a
whole. It consists of two components to account for all five key variables, a factorial ANOVA and a
partitioning of the data set using randomized blocks.

The factorial ANOVA using randomized blocks technique is designed to iﬂvestigate the subtle effects of a
number of interacting variables (Scheffe, 1959; Kendall and Stuart, 1976). The methodology still falls
within the realm of classical statistics, however, and has the benefit of being thoroughly tested in numerous
applications. (Snedecor and Cochran, 1989).

Factorial ANOVA

A factorial ANOVA is based on the concept of experimental factors, variables which potentially have an
effect on the measured dependent variable of the analysis. For this study, the five key variables listed in
Section 2.3 are considered the relevant experimental factors. The dependent variables are calculated as

- I(FC+1)
In(EN+I)

where FC and EN are the sample fecal coliform and Enterococcuss counts, respectively, in units of counts
per 100 ml. The analysis is similar to a standard ANOVA, except that more than one experimental factor
can be incorporated into the analysis, whereas a standard ANOVA only allows for one factor. To facilitate
the analysis, each experirriental factor is partitioned into a small number of discrete categories, or levels
(e.g., no rainfall, light rainfall, and heavy rainfall). The number and definition of these levels for an
experimental factor can vary based on the nature of the data and the goals of the analysis. The factor levels
assigned to each of the five variables in this study will be discussed in Sections 3.2 and 3.3.

Although all five factors are likely to impact bacteria counts, the performance of an ANOVA generally
decreases as the number of factors and factor levels is increased. Maintaining a small number of well
defined categories simplifies the tested hypothesis, and thus increases the power and robustness of the

RAPUBS\PROJECTS\50100729P. ALL 3-1 July, 1998



analysis. For this reason, there is merit to including only the most essential factors, and maintaining broad

factor levels, in the ANOVA. In Section 2, the primary variables of interest were identified as sampling
year and rainfall. Therefore only these two experimental factors are retained in the ANOVA. The total
nurnber of factor level combinations obtained from the sampling year and rainfall variables determines the
number of treatments contained- in the factorial ANOVA. The various treatments are then compared using
classical ANOVA techniques, which test hypotheses involving statistically significant differences between
freatment means.

Data Partitioning usine Randomized Blocks

The effects of the experimental factors not contained in the ANOVA treatments can be accounted for by
partitioning the data into groups called randomized blocks prior to performing the factorial ANOVA. Each
biock should contain data that are as similar as possible with respect to the environmental factors and levels
not accounted for in the ANOVA treatments. In this study, three secondary experimental factors have been
identified that are not distinguished by the ANOVA treatments: geographic location, tidal condition, and
‘seasonality. Each randomized block should therefore contain all data from a single factor level combination
of these three secondary variables. The total number of possible factor level combinations determines the
number of randomized blocks. The number of randomized blocks represents the number of rounds of data,
or replicates, utilized by the factorial ANOVA.

With the data partitioned in such a manner, most of the variability in the dependent variable (i.e., natural
logarithm of bacteria counts) within a block is due to the treatments being analyzed in the ANOVA.
Variability associated with the secondary environmental variables is thus reduced to differences between
each block, which can be accounted for during the factorial ANOVA analysis.

Within a block, data falling under each ANOVA treatment category are averaged together, and the averaged
values are treated as a single replicate by the factorial ANOVA. Thus the ANOVA analysis does not
compare means calculated directly from all data points for a treatment, as is done in a standard ANOVA.

Rather, the means are calculated from single values representing each randomized block, which themselves
are averaged together from all appropriate data points within the block. In other words, each of the
randomized blocks is given equal weight in the ANOVA, regardless of how many data points fall into that
block.

For an ideal randomized blocks design the ANOVA treatments should be randomly distributed over all
values within a block, so that there are no systematic biases with respect to the factors that have been
‘omitted from the analysis. Usually, this is accomplished by experimental design. For this study, sample
data have already been collected, and data are assigned to blocks after the fact. However, a considerable
amount of freedom exists regarding the partitioning of the data, so that a random distribution can be
approximated. The general idea is to distribute all available data among the various blocks and treatments
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as evenly as possible.

An important component of this analysis concerns the ability of the randomized blocking scheme to account
for all variability in the bacteria count data due to factors other than rainfall and CSO system improvements,
represented by the sampling year variable. By éarefully grouping the available data using well defined
blocking categories, the chances of detecting statistically significant interannual changes in bacteria counts
can be maximized. Nevertheless, complications can arise during the blocking process, such as blocks with
no data points for a particular treatment, or blocks with highly variable numbers of data points for different
treatments. Estimation procedures have been developed to account for these issues, as described in
Section 4.

3.2 Selection of Treatments

The sampling year and rainfall variables are considered the two experimental factors for this factorial
ANOVA analysis. Sampling year was divided into two levels and rainfall was divided into three levels,
resulting in a total of six treatments. The selected levels are summarized in Table 3-1, and they are briefly
described below.

Sampling Year

Eight years of sampling data were utilized in this study, from June 1989 through September 1996. The
sampling year variable was divided into two levels, 1989-1991 which represents conditions prior to most
system improvements, and 1992-1996 which represents conditions after some system improvements were
implemented. Examples of system improvements include general operational improvements such as:

*  More reliable pumping at the Deer Island treatment plant

»  Cessation of sludge discharge into the harbor

»  Improved disinfection at both Deer and Nut Island treatment plants

«  Reduction in treatment plant "bypasses"

+  Community work to eliminate illegal sewer connections into storm drains

More specific CSO-related improvements include:
»  Elimination of "dry weather overflows"

+  Improved inspection and maintenance of tide gates
*  Construction and operation of two CSO treatment facilities
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Rainfall

It was mentioned previously that bacteria counts are strongly related to rainfall, but that antecedent
conditions before the event affect the bacteria response in receiving waters. Therefore three days of rainfall
were associated with each samnple, consisting of the sampling date pius the two previous days. Furthermore,
the actual rainfall parameter used for the study was the root-mean-square (RMS) of the three days of rainfall
values, which is calculated as:

Instail Equation Editor and double-
click here to view equation.

where RMS = Root-mean-square of three days of rainfall [in]
R1 = Daily rainfall during sampling date [in]
R2 = Daily rainfall one day prior to sampling date [in]
R3 = Daily rainfall two days prior to sampling date [in]

This parameter places greater weight on high intensity events, which are more likely to result in CSO
discharges. In other words, by using the RMS a given amount of rainfall distributed evenly over three days
is given less weight than the same amount of rainfali concentrated in one of the three days.

This RMS rainfall variable was divided into three levels: dry conditions, light rain, and heavy rain. RMS
values of 0 inches (i.¢., no rain over the past three days) were considered dry. RMS values between 0 and
0.25 inches were placed in the light rain level. RMS values greater than 0.25 inches were considered as
heavy rain. Note that the RMS rainfall parameter yields values that are always smaller than the straight sum
of rainfall over the three day period. The selected RMS rainfall levels were chosen to realistically represent
different rainfall conditions while distributing the available data as evenly as possible over all three levels.

33 Selection of Randomized Blocks

The geographic location, tidal condition and seasonality variables are used to divide the sample data into

randomized blocks. A total of eight geographic locations were identified, and the tidal condition and

seasonality factors were each split into three levels. The selected levels are summarized in Table 3-1, and
they are briefly described below.
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Geographic Location

Geographic locations were selected by grouping together sampling stations that resided in the same regional
water body within the CSO receiving waters. The various rivers and estuaries within the receiving water
system can have noticeably different physical characteristics and CSO discharge loads. A sufficient amount
of data had to be available for each location, which restricted the delineation of the water bodies to fairly
broad regions. The location of dams along tributary rivers also affected the selection of geographic
locations, since there is no tidal influence upstream of dams.

The eight geographic locations are presented in Figure 3-1. Note that the Charles River was split into upper
and lower portions, since the lower Charles River Basin is much wider than the narrow upper portion, and
there are ample sample data for the entire river. Both Charles River regions, as well as the Mystic River
and Neponset Headwaters regions consist of sampling stations which recorded no tidal influence.

Tidal Condition

For this analysis three tidal condition levels were distinguished, high tide, low tide and freshwater. Samples
with observed tidal elevations above mean sea level were grouped together as the high tide level. Samples
with observed tidal elevations below mean sea level were assigned to the low tide level. Samples collected
in locations without any tidal influence were placed in the freshwater level.

Seasonality

The sample data were split into three temporal seasonality levels. The fall/winter season consists of
samples collected from September through April, the spring season consists of May and June samples, and
the summer season consists of July and August samples. These seasonality levels were developed to
capture natural seasonal differences, and also to distribute the available data evenly among the three levels.
Since most sampling occurred during warm weather months, the spring and summer seasonality levels are
of shorter duration than the fall/winter level,

The two sampling year levels and three rainfall levels discussed in Section 3.2 yield a total of 2 x 3 =6
ANOVA treatments. All possible combinations of the eight geographic location, three tidal condition and
three seasonality variables yield the total nurnber of randomized blocks, which are listed in Table 3-2. Note
that a total of 36 blocks are obtained, which is considerably less than the total number of § x 3 x 3 =72
block level combinations. This is because only one or two of the three tidal conditions can exist at any one
geographic location. Regions which are tidaily influenced fall under high tide or low tide, but do not have
any stations with no tidal influence. Conversely, regions located upstream of dams fall only under the no
tidal influence category.
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Figure 3-1
Geographic Locations for Randomized Blocks Partitioning



l Table 3-1 ‘
. Experimental Factor and Randomized Block
[' Variable Levels for Factorial ANOVA

Variable Number of ' Factor Level Descriptions
Factor Levels

Experimental Factors

Sampling Year .2 1989-1991 (Before CSO system improvements)

1992-1996 (After CSO system improvements)

= Root-mean-square of 3 RMS =0in

- 3 day rainfall (RMS) RMS between 0 and 0.25 in

™

RMS greater than 0.25 in

Randomized Blocks

Geographic Location 8 Upper Charles River

Lower Charles River

Mystic River

Neponset River Headwaters

,, ‘ Neponset River

Dorchester Bay

Inner Boston Harbor

QOuter Boston Harbor

Tidal Condition 3 High Tide (above mean water level)

Low Tide (above mean water level)

Freshwater above Tldal Influence

Seasonality 3 Fail/Winter (September-April)

Spring (May-June)

_,5 ' Summer (July-August)

-7
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Table 3-2

Randomized Biocks for Factorial ANOVA

Biock Environmental Variables
Number Geographic Region Tidal Condition Season
1 Upper Charles River Freshwater Fallfwinter
2 Upper Charles River Freshwater Spring
3 Upper Charles River Freshwater Summer
4 Lower Charles River Freshwater Fall\wWinter
. B Lower Charles River Freshwater Spring
6 Lower Charles River Freshwater Summer
7 Mystic River -Freshwater Fall/Winter
8 Mystic River Freshwater Spring
9 Mystic River Freshwater Summer
10 - Neponset River Headwaters Freshwater Falliwinter
11 Neponset River Headwaters Freshwater Spring
12 Neponset River Headwaters Freshwater Summer
13 Neponset River High Tide Fallwinter
14 Neponset River High Tide Spring
15 Neponset River High Tide Summer
16 Neponset River Low Tide Fall/Winter
17 Neponset River Low Tide Spring .
18 Neponset River Low Tide Summer
19 Dorchester Bay High Tide Fall’iwinter
20 Dorchester Bay High Tide " Spring
21 Dorchester Bay High Tide Summer
22 Dorchester Bay Low Tide Fall/winter
23 Dorchester Bay Low Tide Spring
24 Dorchester Bay Low Tide Summer
25 Inner Boston Harbor High Tide Falliwinter
26 Inner Boston Harbor ~ High Tide Spring
27 Inner Boston Harbor High Tide Summer
28 Inner Boston Harbor Low Tide FallANinter
29- Inner Boston Harbor Low Tide Spring
30 inner Boston Harbor Low Tide Summer
31 Quter Boston Harbor High Tide Fall\Winter
32 Quter Boston Harbor High Tide Spring
33 Quter Boston Harbor High Tide Summer
34 Quter Boston Harbor Low Tide Fall/Winter
35 Outer Boston Harbor Low Tide Spring
36 Outer Boston Harbor Low Tide Summer
Report97 xis!Table 3-2 3-8

4501-007-28P

— o - T2

"]

—

i : i : !



Ep—— |

4.0 SUMMARY OF ANALYTICAL PROCEDURE

This section provides a brief summary of the procedure that was followed to perform the factorial ANOVA
using randomized blocks. In addition to highlighting the various steps executed during the analysis, a
number of issues raised during the course of the analysis are discussed.

*  Partition data amnong all blocks and treatments. Partition all data into the 36 randomized blocks
developed in Section 3.3. Within each block, partition the data into the six treatments developed
in Section 3.2. Each block/treatment combination is called a cell. Table 4-1 presents the
distribution of all 8646 fecal coliform data points into the resulting 36 x 6 = 216 cells. Table 4-2
presents the distribution of all 8272 Enterococcus data points into the same 216 cells.

+  Remove blocks with minimal data. In Table 4-1, 14 out of the 216 fecal coliform cells do not
have any data points. In Table 4-2, 18 out of the 216 Enterococcus cells do not have any data
points. For both bacteria, some blocks contain relatively few data points, and contain multiple
cells with zero data points. Based on this information, blocks with fewer than 100 data points and
more than one zero cell are removed from the analysis. Blocks which are removed are indicated
in Tables.4-1 and 4-2. '

This procedure reduces the number of zero data cells that subsequently need to be estimated,
without sacrificing a large amount of data. Also, by removing entire blocks the quality of the
blocking scheme is not compromised. For fecal coliform, 3 blocks containing 7 out of the 14 zero
cells (50%) and 166 out of the 8646 data points (1.9%) are removed. For Enzerococcus, 3 blocks
containing 7 out of the 18 zero cells (39%) and 164 out of the 8272 data points (2.0%) are
removed.

»  Average data points within a cell. All data points within a cell are averaged together to obtain a
single value for each cell.

»  Estimate values for cells with no data points. For cells with no data points, a value is estimated
from the cells that have data following an iterative procedure described in Steel and Torrie (1960).
This procedure estimates zero cells using averages of values along the row (block) and column
(treatment) of the zero cell, and also a grand average of all values. Estimated values are
incorporated into each subsequent estimation until all zero cells are estimated. This procedure is
then iteratively repeated until successive rounds yield the same value for all estimated”cells.
Resulting fecal coliform values for the 33 x 6 = 198 cells are compiled in Table 4-3 for fecal
coliform and in Table 4-4 for Enterococcus. Estimated values are highlighted in the table.
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»  Perform the factorial ANOVA. Perform the factorial ANOVA on the average cell values,
following Snedecor and Cochran (1989). The analysis is similar to a standard ANOVA (ie.,
compilation of sum of squares, mean squares and degrees of freedom), except for a few variations
to allow for comparisons and interactions between the various treatments, and the inclusion of the
randomized blocks as a source of variation instead of simply a set of replicates. Like a standard
ANOVA, the result of the factorial ANOVA is a calculated F value for each treatment
comparison, which can be compared to the tabulated F distribution at various significance levels.
Calculated F values which exceed the tabulated value indicate a statistically significant change in
that treatment comparison. '

+  Correct for unequal cell variances. As seen in Tables 4-1 and 4-2, the available data are not
evenly distributed among all cells. In addition to the zero cells that were either removed or
estimated, some cells contain only a few data points, while others contain over 100 data points.
This results in an inequality of variance among the cell values presented in Table 4-3 and 4-4,
which are used to perform the factorial ANQOVA.

An approximate correction procedure described in Scheffe (1939) is ntilized to account for this
inequality in sample variance. It consists of calculating the ANOVA sum of squares term using
the squares of all data points in each cell. Also, the ANOVA error mean-square term is adjusted
by a factor comprised of the average over all cells of the reciprocal of the number of data points in
each cell. These adjustments are applied to the factorial ANOVA analysis to yield the final
calculated F factors used to assess statistically significant differences.

A strong randomized blocking scheme has been identified as a key component of a successful factorial
ANOVA for detecting statistically significant interannual changes in sewage indicator bacteria counts.
Therefore, in addition to the original blocking scheme developed in Section 3.3 (scheme ‘A), two slight
variations were also developed, in hopes of improving the analysis further. One variation (scheme B)
treated the entire Charles River as one geographic location, without distinguishing an upper and lower

portion. The other variation (scheme C) maintained two Charles River regions, but divided the summer .

season into individual July and August levels. The analytical procedure summarized above was repeated

for each of these two alternative blocking schemes. The results for all three blocking schemes are presented

for both fecal coliform and Enteroceccus in Section 3.
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Table 4-1
Distribution of Fecal Coliform Samples
over Treatments and Blocks

RANDOMIZED BLOCKS TREATMENTS Total #
Geographic: Tidal RMS=0in O0in<RMS <.25in RMS > .25 in samples
Region !Condition! Season | 89-91 92-96 89-91 92-96 89-91 92-96 {in block
Upper Charles freshwater !fall/winter 89 0 19 1 72 0 181
Upper Charies {freshwater ispring 23 45 31 55 14 20 188
Upper Charles ifreshwater {summer 39 &1 36 a3 69 100 398
Lower Charles !freshwater {fallfwinter 110 6 32 6 83 4 241
Lower Charles ifreshwater ispring 60 60 &0 65 32 25 302
Lower Charles !freshwaier {summer 58 70 38 105 80 87 438
MysticR. .-~ ifreshwater ifalliwinter 46 68 19 59 8 50 - 250
Mystic R. freshwater ispring 22 12 9 80 0 6 129
Mystic R. ifreshwater jsummer - 77 135 37 58 102 57 466
Nepon. Head. ifreshwater ifall/winter 11 2 15 0 8 2 38
Nepon, Head. ifreshwater ispring 0 8 2 3 0 6 19 X
Nepon. Head, ifreshwater jsummer 6 33 8 23 10 26 106
Neponset R.  thigh falliwinter 11 41 40 - 33 22 14 161
Neponset R.  }high spring 0 34 7 39 3 25 108
NeponsetR.  ihigh summer 33 103 16 71 14 85 302
NeponsetR. !low falliwinter 24 24 38 32 25 30 173
INeponset R, ilow spring 1 35 8 15 4 41 104
NeponsetR.  ilow summer 6 103 25 83 56 99 372
Dorch. Bay high falliwinter 11 0 24 0 23 1 89 X
Dorch. Bay high spring 9 20 25 13 17 13 a7
Dorch. Bay  thigh isummer 45 83 26 80 43 65 342
Dorch. Bay low ifall/winter 20 4 38 0 35 2 99
Dorch. Bay low spring 19 27 25 8 14 28 121
Dorch. Bay low summer 9 113 36 77 89 82 406
inner Harbor  thigh falliwinter 52 43 46 31 49 30 251
Inner Harbor  !high ispring 30 56 48 70 17 22 243
Inner Harbor :high ' summer 115 115 55 103 142 72 602
Inner Harbor  ilow fallfwinter 34 42 33 46 53 32 240
fnner Harbor  |low spring 50 39 32 93 - 5 32 2581
inner Harbor  1low summer 75 116 50 a4 38 112 535
Outer Harbor high falliwinter 49 10 9 10 22 5 105
. |Outer Harbar  ihigh spring 2 25 15 11 2 7 62
Outer Harbor 1high summer 43 142 23 121 57 133 519
Outer Harbor {low falliwinter 44 0 27 0 17 0 88 X
Quter Harbor ilow spring 4 i9 23 21 1] 17 84
Quter Harbor {low summer 59 160 37 106 77 127 566
Total number of fecai coliform samples: 8646

X denotes block that is removed due to insufficient data (more than 1 zero cell and fewer than 100 data points)
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Distribution of Enterococcus Samples
over Treatments and Blocks

Table 4-2

"RANDOMIZED BLOCKS

TREATMENTS “Total #
Geographic; Tidal | ‘ RMS=0in 0in <RMS <.25in RMS>.25in |samples
Region !Condition! Season | 8981 | 9206 | 89-91 | 92.96 | 89-91 | 92-96 |in block
Upper Charles ifreshwater jfall/iwinter 89 0 19 0 72 0 180
Upper Charles {freshwater ispring 0 47 0 56 0 20 123
Upper Charles ifreshwater {summer 39 - B0 365 - 83 68 100 396
Lower Charles {freshwater ifall/winter 108 6 32 5 83 4 238
Lower Charles ifreshwater ispring 16 59 12 65 2 25 179
Lower Charles ifreshwater !summer 58 70 38 103 79 87 435
Mystic R. freshwater ifalliwinter 46 68 19 59 8 50 250
Mystic R. freshwater ispring 22 12 7 80 0 6 127
Mystic R, freshwater {summer 77 133 37 58 102 57 464
Nepon. Head. ifreshwater ifalliwinter 10 1 14 0 8 2 35
Nepon. Head. ifreshwater !spring o 8 2 3 0 6 19 X
Nepon. Head. ifreshwater jsummer 6 31 8 24 10 28 107
Neponset R.  thigh falifwinter " g 40 6 22 14 102
Neponset R.  {high spring 0 16 7 16 3 24 66
Neponset R.  ihigh summer 33 98 16 70 14 65 296
NeponsetR. !low fallfwinter 24 10 38 30 25 25 152
Neponset R. ilow spring 1 29 8 10 4 32 84
NeponsetR.  low summer 101 25 82 56 107 377
Dorch. Bay  ihigh ifall/winter 11 0 24 0 23 1 59 X
Dorch. Bay high ispring 9 20 25 13 17 13 97
Dorch. Bay high summer 45 82 26 80 43 65 341
Dorch. Bay low falliwinter 20 2 38 0 35 2 a7
Dorch. Bay  ilow spring 19 27 25 8 13 28 120
Dorch. Bay low summer 9 108 36 78 - 89 88 408
Inner Harbor  {high falifwinter 52 43 45 31 49 30 251
inner Harbor  ihigh spring 30 53 48, 70 17 24 242
Inner Harbor  ihigh summer 115 112 55 103 142 72 589
inner Harbor  tlow ifail/winter 34 39 33 46 54 32 238
Inner Harbor  |low Ispn‘ng 50 39 32 91 5 32 249
inner Harbor  ilow . surmmer 75 - 113 50 94 - 88 112 532
Outer Harbor ‘;high fall/winter 49 10 9 9 22 5 104
Outer Harbor  {high spring 2 20 15 11 2 7 57
Quter Harbor thigh summer 43 . 140 23 121 57 134 518
Outer Harbor {low ifall/winter 42 0 27 0 17 0 86 X
Quter Harbor How spring 4 19 23 21 0 17 84 .
Quter Harbor ‘low surmmer 59 156 37 104 77 127 560
Total number of Enterococcus samples: 8272

X denotes block that is removed due to insufficient data (more than 1 zero cell and fewer than 100 data points)
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[ : Table 4-3
Cell Average Fecal Coliform Values: In(FC+1)

r : RANDOMIZED BLOCKS ~ TREATMENTS
i Geographic | Tidal RMS=40in 0in<RMS < .25in RMS > .25in
B Region Condition! Season | 89-81 92-96 89-91 92-96 89-91 9296
? Upper Charles iHreshwater ifallfwinter 6.48 6.02 7.06 5.7 7.29 7.02
Upper Charles {freshwater ispring 7.85 £6.29 6.96 6.34 7.24 6.37
Upper Charles ifreshwater isummer 6.60 6.14 6.10 6.92 7.41 6.94
i Lower Charles ifreshwater Halliwinter 5.81 7.06 6.14 6.04 6.69 6.40
i Lower Charles Hreshwater ispring 5.98 472 5.60 4,53 6.44 537
Lower Charles !freshwater {summer 543 428 5.13 4.86 6.52 568
o Mystic R. freshwater jfallwinter [ 5.48 5.83 6.25 6.45 8.12 - 8.62
Mystic R. freshwater Ispring 4.19 4.51 4.63 4.89 5,94 6.29
Mystic R. freshwater isummer 4.69 4,88 4.86 3.98 6.21 6.60
- Nepon. Head. ifreshwater ifafliwinter | 6.72 6.16 6.56 6.35 7.54 7.77
) Nepon. Head, {freshwater {summer 7.29 6.92 7.77 6.93 8.07 7.63
Neponset R. lhigh fall/winter 442 2.97 5.38 432 5.96 5.91
Neponset R.  thigh spring 5.46 4.77 6.80 3.90 8.15 5.45
Neponset R.  thigh summer 4.35 5.0 492 481 5.92 6.86
Neponset R, ilow fallfwinter 4.94 5.27 4.81 4.40 6.17 5.58
Neponset R.  !low spring 3.78 438 5.80 575 6.89 517,
Neponset R.  {low summer 5.95 5.61 5.63 4.58 6.43 6.59
B Dorch. Bay  {high spring 1.54 2.10 1.98 2.34 2.95 3.00
Dorch. Bay high summer 2.16 2.33 2.956 2.71 3.48 3.73
' Dorch. Bay  How ialliwinter 4.55 4.28 3.64 4.03 6.34 4.34
- Dorch. Bay low éspn'ng 1.87 2.43 2.61 1.80 4.25 2.70
Dorch. Bay low summer 4.38 2.36 2.67 2.15 357 3.64
inner Harbor  thigh falliwinter 482 3.67 429 3.88 6.26 4.58
Inner Harbor  jhigh spring 3.51 3.49 4.66 3.83 3.62 4.32
. Inner Harbor  ihigh summer 4.07 415 4.68 4,57 £5.99 575
' Inner Harbor  flow failiwinter 5.03 5.15 4,85 477 6.35 4.82
4 Inner Harbor  {low spring 368 | 288 | 452 3.99 3.17 4.90
. Inner Harbor  {low summer 4.20 412 548 433 5.44 548
,1' Outer Harbor  ihigh fallwinter | 2.72 1.33 4.72 2.32 362 2.07
4 Quter Harbor {high spring 1.35 1.51 2.63 1.42 3.09 1 471
i Quter Harbor _high summer | '1.60 1.93 453 1.75 2.92 2.44
5 Outer Harbor  How spring 3.30 1.98 1.81 2.58 3.43 2.29
. Outer Harbor {low summer | 1.86 2.01 2,01 1.89 2.65 2.68
i Highlighted cells denote estimated values
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Table 44
Cell Average Enterococcus Values: In(EN+1)

“RANDOMIZED BLOCKS TREATMENTS
Geographic | Tidal i RMS =0 in 0in <RMS <.25in RMS > .25 in
Region |Condition} Season | 89-81 | 9296 | 89-91 | 9296 | 89-91 | 92-96
Upper Charles Hreshwater ifalliwinter 5.63 5.85 6.14 6.03 7.16 6.82
Upper Charles ifreshwater {spring 4.52 4,62 4,75 4.93 5.88 537
Upper Charles freshwater isummer 4.58. 4.41 4.07 5.33 6.53 592
Lower Charles freshwater ifalliwinter 4.62 6.94 4.84 5.87 6.11 6.67
Lower Charles ifreshwater ispring 2.26 3.13 229 3.28 3.69 4.20
Lower Charles freshwater isummer 3.02 276 3.10 3.25 460 3.8
Mystic R. freshwater }falliwinter 3.86° 3.50 b8z 414 8.00 4.36
Mystic R. freshwater ispring _ '3.62 3.60 3.99 412 522 557
MysticR. - ifreshwater isummer 3.81 3.84 3.69 3.50 4.73 547
Nepon. Head. ifreshwater ifalliwinter | .5.94 6.91 6.06 6.45 7.81 6.99
Nepon. Head. ifreshwater isummer 6.66 5.64 6.16 5.62 8.34 6.66
Neponset R. ~ thigh falliwinter 4.23 3.58 456 | 592 5.16 554
Neponset R.  ihigh igpring 4.26 3.39 4.62 3.66 7.44 517
Neponset R. - {high isummer 3.19 3.80 2.97 3.71 4.83 543
NeponsetR. ilow falliwinter 3.47 5.35 3.44 3.67 5.17 545
NeponsetR. |low spring 2.40 - 2.70 3.76 5.29 5.76 467
Neponset R.  tow summer 4.47 4.01 412 3.11 533 5.21
Dorch. Bay high . 1spring 1.02 1.50 1.40 1.75 1.66 2.25
Dorch. Bay  high summer 2.00 214 2.02 217 '} 2.02 3.18
Dorch, Bay low fallivinter 2.64 2.42 2.52 12,53 4.43 2.09
Dorch. Bay low spring 1.26 1.52 1.58 1.14 3.04 2.03
Dorch. Bay low isummer 2.04 2.20 1.62 2.03 2.40 3.04
Inner Harbor  thigh falliwinter 3.49 2.36 4.05 2.84 5.24 262
Inner Harbor  ihigh spring - 1.74 2.84 2.24 2.97 2.36 3.99
inner Harbor  thigh summer 2.48 2.52 2.98 3.08 3.54 4.01
Inner Harbor  liow falliwinter 3.84 3.31 469 2.96 5.98 - 3.62
Inner Harbor ! low spring 1.83 241 2.49 2.98 1.68 3.76
Inner Harbor  How summer 3.12 2.49 2.72 3.16 3.44 3.90
. JQuter Harbor ihigh falliwinter 3.19 1.33 4.01 1.22 4.41 1.09
Outer Harbor  thigh spring 1.38 1.38 " 1.80 1.59 1.35 3.67
QOuter Harbor $high summer 1.57 1.71 1.71 1671 2.07 2.04
" |Outer Harbor  How spring 1.57 1.84 1.62 2.03 3.00 2.74
Quter Harbor ilow summer 161 1.81 1.61 1.89 1.92 2.21

Highlighted celis denote estimated values
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5.0 RESULTS AND DISCUSSION

This section presents the results of the factorial analysis of variance (ANOVA) using randomized blocks
methodology for assessing statistically significant interannual reductions in sewage indicator bacteria
counts within the CSO receiving water system. The analysis is performed for both fecal coliform and
Enterococcus, and for each indicator bacteria three slightly different randomized blocking schemes
(schemes A, B and C; see Section 4) were considered, resulting in a total of six factorial ANOVA analyses.
Summary tables are presented in this section, describing for each case the amount of decrease in bacteria
counts between sampling year periods, and also the degree of statistical significance of the observed
reduction. Complete ANOVA results tables for each case are provided in the appendix, which includes the
number of data points and average cell values for each ANOVA analysis.

5.1 Amount of Bacteria Count Reduction

Average bacteria counts for each of the six treatments making up the ANOVA analysis (i.e., combinations
of two sampling years and three rainfall levels) are compiled in Table 5-1, for both fecal coliform and
Enterococcus and for all three blocking schemes. For example, the average values presented in Table S-1
for fecal coliform, scheme A, are obtained from the cell values for the 31 biocks presented in Figure 4-3.
The appendix lists cell values and averages for all six cases.

Note that Table 5-1 presents the actual bacteria counts in units of counts per 100 ml, not the natural
logarithm-transformed values used to perform the factorial ANOVA analysis. Average log-transformed
values were first calculated for each of the six treatments using cell values corresponding to each block
retained in the analysis. These averages were then converted back to their untransformed values, in units of
counts per 100 ml, and these untransformed averages are presented in Table 5-1.

In Table 5-1, average bacteria counts for the 1989-1991 and 1992-1996 sampling year levels are compared
for each of the three rainfall levels, expressed as a percent reduction. Overall temporal reduction is also
presented, calculated using the geometric mean over the three rainfall levels. - Since Table 5-1 presents
actual bacteria counts and not the log-transformed value, geometric mean should be used instead of the
arithmetic mean to represent the average bacteria count over all rainfall conditions.

As indicated in Table 5-1, overall fecal coliform is reduced by 34%-36% between the periods 1989-1991
and 1992-1996, depending on the blocking scheme. The reduction is more pronounced during the low rain
and high rain levels (34%-45%) than during dry conditions (20%-26%). This is consistent with the biggest
improvements occurring during wet weather, when CSO discharges are most likely. Wet weather sewerage |
system improvements include more reliable pumping at the Deer Island plant, and construction and
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operation of two CSO treatment facilities. The somewhat smaller reduction in dry weather bacteria counts

could be attributed to factors like the cessation of sludge discharges, elimination of dry weather overflows
from combined sewer outfalls, and improved disinfection at the treatment plants. The reduction of illegal
sewer connections to storm drains would improve water quality during both dry and wet weather.

Enterococcus exhibits a much smaller degree of temporal reduction than fecal coliform. For the three
blocking schemes, overall Enterococcus is reduced by 8%-9% between 1989-1991 and 1992-1996. Dry and
light rain conditions indicate either no change in bacteria count or a slight increase in bacteria count. Heavy
rain conditions, however, indicate a consistent decrease of 25%-31%. As is the case for fecal coliform,
noticeable temporal reduction in Enterococcus counts occurs during heavy rainfall conditions, when CSO
discharges are more likely and bacteria counts are higher. Hoxifever, Enterococcus does not exhibit
temporal reduction during light rain and no rain conditions, whereas fecal coliform does. Note that for
Enterococcus the greatest temporal reduction occurs during heavy rain, while for fecal coliform the greatest
temporal reduction occurs during light rain.

This difference between fecal coliform and Enterococcus reductions may be attributable to a variety of
reasons including differences in bacteria attenuation characteristics, sources and characteristics of bacteria
release other than CSO discharges during rainfall events, or the relative quantity of each bacteria contained
in CSO discharges under different conditions. For example, fecal coliform and Enterococcus in receiving
waters under dry conditions may originate from different sources, such that dry weather system
improvements only affect the source containing fecal coliform. Analogously, the sources affected by
system improvements under heavy rain conditions may contain both fecal coliform and Enterococcus,
resulting in the observed temporal reduction for both indicator bacteria.

Note in Table 5-1 that for all indicator bacteria, blocking schemes and rainfall conditions, higher values
during 1989-1991 generally are followed by a greater percent reduction during 1992-1996. Cases with a
twenty percent reduction or higher contain a 1989-1991 average bacteria count over 50 counts per 100 ml,
regardless of the rainfall condition. Similarly when the 1989-1991 average bacteria count exceeds 100
counts per 100 ml, a temporal reduction of at least 33 percent is observed. The observed direct relationship
between bacteria quantity and amount of temporal reduction may be indicative of a CSO discharge source
that has not benefitted from the system improvements, or a background level of bacteria in receiving waters
irrespective of the CSO drainage and discharge system.

Overall reductions between the 1989-1991 and 1992-1996 periods range from 34%-36% for fecal coliform,
and from 8%-9% for Enterococcus. In order to discern whether or not the observed reductions are
statistically significant and due to improvements to the CSO drainage and discharge system, the resuits of
the factorial ANOVA using randomized blocks must be studied. '
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5.2 Degree of Statistical Significance

The factorial ANOVA using randomized blocks tests for statistically significant changes among its
treatments by comparing a calculated F factor at its calculated degrees of freedom to tabulated F distribution
values for varying significance levels. Factorial ANOVA results are summarized for fecal coliform and
Enterococcus and all three blocking schemes in Table 5-2. The table lists the various sources of variation,
or effects, that are accounted for by the factorial ANOVA analysis. Full ANOVA results tables are
presented in the appendix. For each source of variation, the number of degrees of freedom (DoF) and the
calculated F value are presented. Selected values from the tabulated F distribution are provided in Table 5-
3 for comparison with the calculated values in Table 5-2. For a selected significance level and the
corresponding effect and error DoF, a calculated F value greater than the tabulated value indicates a
statistically significant change in the source of variation.

The sampling year treatment comparison is of primary interest in this factorial ANOVA study, since it is

designed to represent changes in bacteria counts resulting from improvements to the CSO system. Changes
in bacteria counts resulting from rainfall are presumably accounted for via the rainfall treatment in the
factorial ANOVA, and changes due to the remaining key variables are presumably accounted for via the
randomized blocks partitioning.

As indicated in Table 5-2, calculated fecal coliform F factors for the sampling year treatment comparison
range from 19.53 to 26.04. These calculated values are conservatively compared to tabulated values in
Table 5-3 at the DaoF closest to but lower than the caiculated DoF. The degrees of freedom associated with
the sampling year treatment comparison (effect DoF; error DoF) range from 1;140 to 1;207. The calculated
fecal coliform F factors far exceed the tabulated values in Table 5-3 for 1;120 DoF at the 0.5% significance
level. Thus the reductions in fecal coliform count between 1989-1991 and 1992-1996, shown in Table 5-1,
are determined by the factorial ANOVA to be statistically significant with 99.5% confidence.

The smaller temporal reduction in Enterococcus, as indicated in Table 5-1, is found by the factorial
ANOVA analysis to be statistically insignificant. Sampling year treatment comparison F factors range from
0.54-1.13, with degrees ofA freedom between 1;140 and 1;203. As indicated in Table 5-3, these values are
not statistically significant, even at 25% level of significance. Thus a statistically significant reduction in
overall Enterococcus counts between 1989-1991 and 1992-1996 is not detected by the factorial ANOVA,

Note that for most comparisons, very little difference exists between the three blocking schemes; the
observed degree of statistical significance for temporal reduction is consistent over the three schemes.
Likewise the calculated ¥ factors for the other treatment comparisons do not differ substantially among the
three blocking schemes. Thus for the most part the selected biocking scheme has little bearing on the
results of the analysis. '
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Blocking scheme A yields the greatest overall reduction for the fecal coliform sampling year treatment
comparison, so it is considered as the optimal scheme out of the three that were analyzed. Using this
scheme, fecal coliform counts between 1989-1991 and 1992-1996 are reduced by 36%, which is statistically
significant at the 0.5% level of significance. This result for fecal coliform confirms the ability of the
approach and methodology developed in Sections 2 and 3 to detect statistically significant decreases in
sewage indicator bacteria within CSO receiving waters between the period from 1989 to 1996. The lack of
a statistically significant temporal decrease for Enterococcus indicates that no temporal difference exists for
this particular sewage indicator bacteria. '

The results of the factorial ANOVA using randomized blocks analysis for the sampling year treatment
indicate that fecal coliform, but not Enterococcus, exhibits a statistically significant decrease between the
periods 1989-1991 and 1992-1996. In order to confirm that this temporal change results from
improvements to the CSO drainage and discharge system, the effectiveness of the analysis at accounting for
variations due to rainfall, geographic location, tidal condition and seasons must be evaluated. Similarly,
evaluating the effectiveness of the analysis will confirm that the improvements to the CSO system have not
resulted in significant decreases in Enterococcus counts.

53 Effectiveness of the Analysis

The different sources of variation considered by the factorial ANOVA are a block effect, an overall
treatments effect, individual treatment effects, and error. A statistically significant F factor for a particular
-effect indicates that 1) the key variable represented by that effect is a significant source of variation in the
bacteria count data, and 2) this variability is captured by the ANOVA analysis. If an F factor does not
exceed its threshold value, then either that key variable does not exhibit statistically significant variations,
or variations exist but the applied methodology fails to capture them.

As discussed in Sections 2 and 3, the sampling year variable represents changes due to CSO system
improvements only if variations due to the four remaining key variables are captured by .other components
of the analysis. Therefore in order to confirm that CSO system improvements result in a decrease in fecal
coliform but not Enterococcus, the statistical sigriificance of the rainfall and blocks effects must be studied.

As indicated in Table 5-2, all calculated fecal coliform F factors for the various rainfall treatment effects
exceed their critical values at their respective degrees of freedom. Similarly, all calculated Enterococcus F
factors for the various rainfall treatment effects also exceed the their critical values at their respective
degrees of freedom. Thus the consideration of rainfall as an explicit factor in the factorial ANOVA
successfully accounts for the statistically significant variability in both fecal coliform and Enrerococcus
attributable to rainfall. This result is not surprising since rainfall is expected to be the single most
influential factor on sewage indicaior bacteria counts.
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Table 5-2 also indicates that the calculated F factors for the blocks effect exceed their critical values at their
respective degrees of freedom. Once again this result holds for both fecal coliform and Enterococcus. The
randomized blocking technique developed in Section 3 was designed to capture variability in bacteria
counts due to geographic location, tidal condition, and seasonality. Thus the blocking scheme applied to the
data prior to the ANOVA analysis successfully accounts for the statistically significant variability in both
fecal coliform and Enterococcus attributable to these variables,

Variations in both fecal coliform and Enterococcus, resulting from the naturally occurring environmental
variables rainfall, geographic location, tidal condition and seasonality, have been shown to be statistically
significant, and successfully captured by the utilization of randomized blocking and factorial ANOVA
techniques. Thus any remaining variability due to sampling year can safely assumed to be attributable to
improvements in the CSO drainage and discharge system. The sampling year treatment has been found to
be statistically significant for fecal coliform but not for Enterococcus. Since competing environmental
variability has been accounted for, it can be concluded that improvements to the CSO system have resulted
in a decrease in fecal coliform counts within the receiving water system, but not in Enterococcus counts.
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Average Bacteria Count Values (counts per 100 mi)

Table 5-1

with Temporal Percent Reductions

Randomize ~ TREATMENTS OVERALL

Blocking RMS=0in [0in<RMS<.25in| RMS>.25in

Scheme | 8991 | 92.96 | 8991 | 92-96 | 88-91 | 9296 | 89-91 | 92.96
Fecal Coliform _
Mean A 83 62 121 67 264 170 138 89
% Reduction 25% 45% 36% 36%
Mean B 66 53 104 57 229 150 116 77
% Reduction 20% 45% 34% 34%
Mean C 78 58 107 60 261 170 130 84
% Reduction 26% 44% 35% 35%
Enterococcus
Mean A 23 25 30 31 94 68 40 37
% Reduction 9% -3% 28% 8%
Mean B 20 22 26 26 80 60 35 32
% Reduction -10% 0% 25% 9%
Mean C 23 23 26 28 94 65 38 35
% Reduction 0% 8% 31% 8%
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Table 5-2

Factorial ANOVA Results
FECAL COLIFORM
Scheme A Scheme B Scheme C
Source of Variation DoF F DoF F Dok E
Blocks ' 32 34.69 29 35.11 43 31.62
Qverall Treatments 5 25.63 5 25.82 5§ 33.04
Sampling Year Treatments 1 22.89 1 18.53 1 26.04
Rainfall Treatments 2 51.76 2 53.51 2 68.82
- {Rain/no rain 1 45.44 1 49.09 1| . 52.87
high/low rain 1 58.07 1 57.93 1 84.77
Error 153 140 207
Total 190} 174 255
ENTEROCOCCUS
Scheme A Scheme B Scheme C
Source of Vatiation DoF F DoE " F DoF E
Blocks 32 27.39 29 30.02 43| - 24.15
Overall Treatments 5 22.25 5 22.96 5 27.88
Sampling Year Treatmenis 1 0.62 1 0.54 1 1.13
Rainfall Treatments 2 53.73 2 55.64 2 67.11
Rain/no rain 1 43.87 1 45.32 1 46.46
high/low rain 1 63.59 1 65.96 1 87.75
Error 153|: 140 203
Total 1908 174] " 251
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Table 5-3
Selected F-Distribution Values

Report97.xls'Table 5-3

Level of Degrees of Freedom 7
Significance 1 4.50 | 1100 | 1;125 | 1:150 | 1:200 | 1;1000
25% 135 | 134 | 134 | 133 | 133 | 132
10% 279 | 276 | 275 | 274 | 273 | 271
5.0% 400 | 394 | 392 | 391 | 380 | 385
2.5% 520 | 518 | 515 | 513 | 510 | 5.04
1.0% 708 | 690 | 684 | 681 | 676 | 6.66
0.5% 849 | 824 | 817 | 812 | 806 | 7.91
5-8
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6.0 EVALUATION OF APPLIED STATISTICAL METHODOLOGY

As demonstrated in Section 5, the factorial ANOVA using randomized blocks methodology is capable of
detecting statistically significant temporal decreases in sewage indicator bacteria within the CSO receiving
water systemn. These decreases between sampling year periods result from recent improvements to the CSO
drainage and discharge system. This section evaluates the applied statistical methodology, to confirm the
validity of the analysis and also to assess the effectiveness of the various components of the applied
methodology. The evaluation is carried out by performing a series of quantitative tests and diagnostic
variations on the analysis.

6.1 Verification of ANOVA Assumptions

An Analysis of Variance is a parametric statistical method; therefore underlying assumptions upon which
the method is based must be met in order for the results to be considered reliable. The two assumptions for
an ANOVA are that the treatment residuals are normally distributed and have equal variances. Treatment
residuals are represented by the difference between the treatment mean and the individual treatment values.

Residual normality was verified by applying D’Agostino’s test (Gibbons, 1994), which is a suitable
alternative to the widely accepted Shapiro-Wilk test when the total number of data points exceeds 50. For
the three blocking schemes considered in Sections 4 and 5, the total number of data points (i.e., the total
number of cells) ranges from 180 to 264. D’Agostino’s test was applied to all six factorial ANOVA
analyses performed in Section 3, and all six tests passed the normality criteria.

" Equality of residual variances was verified by applying Levene’s test (US EPA, 1992), which was satisfied

for five out of the six ANOVA analyses. Only Enterococcus under blocking scheme C vas unabie to
satisfy the equal residual variances requirernent,- which implies that the lack of a statistically significant
temporal decrease in Entrerococcus counts under scheme C may not necessarily be an accurate resuit.

However, all three blocking schemes were found to yield consistent results, and schemes A and B fail to
detect statisticaily significant temporal Enterococcus decreases while satisfying the underlying ANOVA
assumptions. Therefore it can be conservatively concluded that scheme C does indeed fail to detect
statistically significant decreases in Enterococcus, even though one of the ANOVA assumptions is not

satisfied.
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6.2  Efficiency of the Selected Randomized Blocking Scheme

In Section 3, an optimal randomized blocking scheme was conscientiously developed using the geographic
location, tidal condition, and seasonality variables. The effect of the blocking scheme was then explicitly
accounted for in the factorial ANOVA by considering it as a source of variation, along with the ANOVA
treatments and error. The effectiveness of the randomized blocking procedure in increasing the precision of
the analysis can be assessed by calculating the "efficiency of blocking” (Snedecor and Cochran, 1989). This
test was performed on one of the ANOVA analyses, fecal coliform under scheme B, to illustrate the
contribution of the blocking scheme to the results of the analysis.

The standard error of analysis can readily be computed from the factorial ANOVA under the randomized
blocks design, which in the case of scheme B consists of 30 blocked replicates. The efficiency of blocking
calculation determines the number of replicates required to maintain the same standard error of analysis
under a completely randomized design, in which blocking is not included as a source of variation. In other
words, efficiency of blocking calculates the number of replicates needed to maintain the same level of
precision without the benefit of blocking. '

For fecal coliform, scheme B, the efficiency of blocking calculation resulted in 195 replicates required to

maintain the same standard error without blocking as 30 replicates achieved with blocking. This represents-

in increase by a factor of 6.5, which indicates -that the blocking procedure substantially improves the
precision of the factorial ANOVA in detecting statistically significant decreases in fecal coliform counts
over time. '

0.3 Results for a Randomly Sampled Factorial ANOVA

The partitioning of the sewage indicator bacteria count data into treatments and randomized blocks has
proven to be an integral part of the applied statistical methodology. Sample points in each cell of the
ANOVA tables (see Tables 4-1 through 4-4) are as homogeneous as possible with respect to the key
variables identified in Section 2.3. This careful partitioning allows for variability in bacteria counts due to
environmental parameters to be captured, so that any. statistically significant decrease due to CSO system
improvements, represented by the two sampling year periods, can be detected. It follows that if the data
were not so conscientiously partitioned prior to performing the factorial ANOVA, then the variability
attributed to naturally occurring environmental factors_woﬁld not be captured, rendering any observed
decrease between the sampling year periods meahinglcss.

A second analysis on fecal coliform data was performed using an alternative partitioning strategy for the six
treatments and 30 blocks comprising scheme B. Natural logarithros of the 8646 total fecal coliform samples
in the data set were divided into two sets, the 1989-1991 period representing pre-CSO improvement
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conditions (3650 samples), and the 1992-1996 period representing post-CSO improvement conditions (4996
samples). Each set of data was then randomly assigned to the 90 cells (3 treatments and 30 blocks) for that
sampling year period in the ANOVA table representing the rainfall treatrnent and the randomized blocks.
Furthermore, for each cell 30 samples are randomly selected and averaged to obtain the value for the cell.
As a result 2700 data points are randomly sampled from each of the 3650 pre-improvement and 4996 post-
improvement data sets and utilized in this analysis.

The average log-transformed fecal coliform count for each cell is presented in Table 6-1, along with the

‘average over all 30 replicates for each treatment. These treatment means were converted back to their

untransformed values, and for each sampling year period the geometric mean of the three treatment means
as calculated. Resulting average fecal coliform counts under this partitioning scheme are 133 per 100 mi
for the 1989-1991 period, and 74 per 100 ml for the 1992-1996 period. This constitutes a 44% decrease
between the two sampling year periods. Note that the zero cell and unequal cell variance corrections did not
need to be applied, since each cell was comprised of an average of 30 randomly sampled values

This randomly sampled data partitioning strategy only accounts for one of the five key variables identified
in Section 2.3, i.e. sampling year. The data are not partitioned into randomized blocks representing
homogeneous combinations of the geographic location, tidal condition, and seasonality variables. Nor is
the data in each block partitioned into three rainfall categories. Thus a statistically significant difference is
not expected for the blocks effect and the rainfall treatment effect in the factorial ANOVA, indicating the
inability of this partitioning scheme to account for variability in fecal coliform counts due to environmental

factors.

The results of the factorial ANOVA using this randomly sampled partitioning scheme are presented in
Table 6-2. The full ANOVA results table is presented in the appendix. As indicated in Table 6-2, the
calculated F factor for the sampling year. treatment is §2.42, which is statistically significant at the 99.5%
level. However, the calculated F factor for the rainfall treatment and blocks effect are 0,12 and 1.33,
respectively, which are not statistically significant. Thus this randomly sampled factorial ANOVA with
block effects is unable to capture naturally occurring environmental variability in fecal coliform counts via
the rainfall treatment and blocks effect components of the analysis. Therefore, the statistically significant
decrease of 44% for the sampling year treatment may not be exclusively due to improvements to the CSO
drainage and discharge system between the two periods. The observed decrease using this partitioning
scheme may be partly attributable to environmental variability as well.-

Since this random partitioning scheme was unable to explicitly account for environmental variability in
fecal coliform counts, the observed temporal reduction cannot be conclusively attributed to CSO system
improvements. This exercise demonstrates the ability of the applied statistical methodology to capture
naturally oceurring environmental variability in the fecal coliform data, but only if the data are partitioned
appropriately and conscientiously as was done in Section 5. Only with the environmental variability
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explicitly captured, demonstrated via significant F factors for the blocks effect and rainfall treatment effect, _
can statistically significant decreases between the 1989-1991 and 1992-1996 sampling year periods be
directly attributable to improvements in the CSO drainage and discharge system.
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Table 6-1

Cell Average Fecal Coliform Values: In(FC+1)
with Random Sampling of Replicates and Rainfall Treatment

RANDOM | TREATMENTS
REPLICATES Random Rain Random Rain Random Rain
89-91 92-96 89-91 92-96 89-91 92-96
1 457 4,66 4.81 4.26 5.43 423
2 5.47 4.28 4.91 3.28 5.03 417
3 5.05 3.84 5.00 - 4,36 4,31 4,05
4 4.29 4.02 4.96 4.06 4.32 4.01
5 4.93 4.64 566 423 5.09 512
6 470 3.88 492 3.61 579 | 443
7 4.47 4.05 4,96 3.87 477 -4.93
8 4,60 4.49 4.96 4.58 478 419
9 5.30 4.56 4.59 4,70 5.64 4.18
10 5.46 475 480 4.21 5.27 4.03
11 543 4.26 520 4.37 5.00 4.46
12 522 3.37 4.25 3.39 4.30 4.32
13 5.00 3.86 4.27 467 4.65 4,73
14 5.03 3.42 4.61 454 4.36 460
15 4.64 3.56 4.82 5.31 4,62 4,32
16 4.55 447 5.26 4.37 4.97 3.97
17 4,52 3.64 4 85 4.84 4,70 3.75
18 - 462 4.50 516 5.40 4.69 4.55
19 4.33 418 4.51 4.12 5.11 4.27
20 4.62 420 4.71 3.85 5.16 4.39
21 4.83 4.23 5.48 468 4.42 4.30
22 514 5.04 4.50 4.98 5.92 4.02
23 540 4.57 543 4.85 5.1% 3.96
-24 5.05 5.41 4.45 3.78 5.69 4.44
25 477 470 4.80 415 4.52 3.82
26 4.84 4,95 4.39 425 4,82 5.10
27 542 473 4.07 4.00 4.37 474
28 3.85 424 4.50 3.92 4.89 4.15
29 5.03 3.83 5.50 4.48 4.92 4.76
30 512 4.02 5.54 5.02 4.99 3.74
Mean 4.90 4.28 4.86 434 4.92 4.32
6-5
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Table 6-2 |
Factorial ANOVA Results with Random Sampling

of Replicates and Rainfall Treatment

Fecal Coliform

Source of Variation DoF F
Blocks 28 1.33
Overall Treatments 5 16.61
Sampling Year Treatments 1 82.42
Rainfall Treatments 2 0.12
Rain/no rain 1 0.14
high/low rain 1 0.10
Error ' 145
“fTotal 179
6-6
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7.0 ANALYSIS OF INDIVIDUAL RAINFALL LEVELS AND GEOGRAPHIC REGIONS

The results of the factorial ANOVA on the sampling year treatment (Table 5-2) apply to the overall
temporal reduction in bacteria counts (Table 5-1). This overall temporal reduction is expressed as an
average over the three rainfall categories, which are themselves an average over all randomized blocks
representing geographic region, tidal condition, and seasonality categories. No insight is attained as to the
statistical significance of any observed reductions under specific conditions, e.g., during heavy rainfall or
within the Lower Charles River region. The generality of the factorial ANOVA stems from the analytical
approach of this study (Section 2), which seeks to detect decreases over time in sewage indicator bacteria
counts within the CSO receiving water system data set taken as a whole, after taking into account the effect

of key environmental variables.

The observed statistically significant reduction in fecal coliform resulting from CSO system improvements
is not expected to apply uniformly over all environmental conditions. For example, system improvements
are likely to have a greater impact duﬁng wet weather than dry weather, since CSO discharges are primarily
wet weather events. As indicated earlier, more reliable pumping at the Deer Island plant and the
construction of two CSO treatment facilities constitute wet weather improvements. Also, certain
geographic regions within the CSO receiving water system may benefit from system improvements more
than others. For example, the two screening and disinfection facilities are located at Fox Point and
Commercial Point, which are in Dorchester Bay near the mouth of the Neponset River. A

The factorial ANOVA using randomized blocks statistical methodology proved to be successful in isolating
and detecting overall bacteria count reductions resulting from system improvements, in part because of the
vast amount of data available for the study. Therefore, this methodology can potentially be applied to a
subset of the entire data set corresponding to a particular environmental condition, in order to investigate
temporal reductions under the specified condition. Such a procedure is applied in this section, to investigate
the statistical significance of observed temporal reductions in bacteria counts during different rainfall
conditions and for different geographic regions. If sufficient data is retained in these subsets to characterize
the remaining environmental variables, the randomized blocking scheme will be able t_o- account for
environmental variability and thus yield meaningful results for any temporal reductions. '

71 Analysis of Individual Rainfall Levels

As indicated in Table 5-1, the temporal percent reduction in both fecal coliform and Enterococcus counts
varies considerably between the three rainfail categories. The percent reduction in fecal coliform under dry
conditions of 20%-26% is noticeably less than the statistically significant overall percent reduction of 34%-
36%. A lack of statistical significance during dry conditions would imply that only wet weather system
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- improvements have been successful at reducing receiving water fecal coliform counts. Similarly,

Enterococcus exhibits a reduction of 25%-31% during heavy rainfall, compared to the statistically
insignificant overall reduction of only 8%-9%. This higher reduction observed during heavy rain may be
statistically significant, which would imply that system improvements have actually resulted in
Enterococcus count reductions, but only during major rainfall events.

In order to analyze temporal reductions under specific rainfall conditions, the factorial ANOVA was
performed individually on three subsets of the data set, consisting of each of the three rainfall categories.
The same blocking schemes was retained, so that the distribution of samples and non-zero cell averages
presented in Tables 4-1 through 4-4 are unchanged. Since each analysis contains only one rainfall
condition, what results is a single factor ANOVA using randomized blocks, with only two ANOVA
treatments representing the two sampling year periods. Variability due to rainfall is no longer of concern
since the data includes only one rainfall condition, and all remaining environmental variability is accounted
for by the blocks.

This set of three analyses was performed for both fecal coliform and Enterococcus, and for each of the three
blocking schemes, resulting in a total of 18 analyses. Blocks with zero cells were removed, eliminating the
‘need for zero cell estimation. The unequal cell replicates correction procedure described in Section 4 was
applied. B

Results of the 18 ANOVA analyses are compiled in Table 7-1. For fecal coliform, light rain and heavy rain
conditions yielded a statistically significant temporal reduction, while dry conditions did not. This result
held true for all three blocking schemes. The blocks effect was statistically significant in all cases,
indicating that the time treatment comparison accurately reflects changes resulting from CSO system
improvements. The earlier resuit of a statistically significant overall reduction in receiving water fecal
coliform counts can therefore be amended to conclude that significant reductions in fecal coliform only
occur during wet weather. Thus not only do the majority of the CSO system improvements take effect
during wet weather, but these wet weather improvements are the only ones which lead to statistically
significant reductions in fecal coliform. |

For Enterococcus, a statistically significant reduction was not detected for any of the three rainfall
conditions. As for fecal coliform, this result holds for all three blocking schemes, and the blocks effect was
significant in all cases. Even the relatively greater reduction in Enterococcus counts observed during heavy
rain conditions is not statistically significant. Therefore it can be concluded that CSO system improvements
have not led to statistically significant reductions in receiving water Enterococcus counts under any rainfall
condition. *
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7.2 Analysis of Individual Geographic Regions

Since system improvements cannot be uniformly applied throughout the entire CSO system, different
geographic regions within the receiving water system may potentially exhibit different amounts of temporal
bacteria count reduction, and at different levels of statistical significance. A single factor ANOVA using
randomized blocks was performed on eight subsets of the data, each representing one of the geographic
region categories. The rainfall variable was treated as a blocking factor rather than an ANOVA treatment
factor, resulting in a single factor ANOVA on the two sampling year treatments. Rainfall was considered as
a blocking factor to partially compensate for the loss of blocks resulting from the analysis of individual
geographic regions. The medification allows all environmental variability within the region to be
accounted for using the randomized blocks, although the resulting ANOVA only assesses overall temporal
reductions averaged over all environmental conditions.

For each of the eight regions, blocking schemes A and C with respect to the tidal condition and seasonality
variables were analyzed, for both fecal coliform and Enterococcus. Therefore the distribution of samples
and non-zero cell averages calculated previously are unchanged. The results for these 32 analyses are listed
in Tables 7-2 and 7-3. Scheme A was selected since it yielded the greatest overall temporal reduction in
fecal coliform, and scheme C was selected since it contained the greatest number of blocks. Since the
number of blocks in the analysis is reduced, no blocks were removed due to the presence of cells with zero
samnples. Zero cell estimation was instead performed as described in Section 4, as was the unequal cell

replicates correction.

For the sixteen scheme A analyses, none of the 8 geographic regions exhibited a statistically significant
temporal decrease in either fecal coliform or Enterococcus. Furthermore, only three analyses, Inner Harbor
fecal coliform and Enterococcus, and Lower Charles River Enterococcus, yielded a statistically significant
biocks effect. A significant blocks effect is indicative of a successful accounting for environmental
variability via the randomized blocking procedure, which is required in order for the time treatment to
represent CSO system improvements. Therefore it can be concluded that system improvements have not
led to statistically significant reductions in Inner Harbor fecal coliform, Inner Harbor Enterococcus, and
Lower Charles River Enterococcus (Table 7-2). Nothing can be concluded for the remaining 13 analyses,
where the apparent lack of significant temporal reductions may be due to environmental variability, since
this source of variability is not captured by the biocking procedure.

For the sixteen scheme C analyses, the Inner Harbor, Lower Charles River and Dorchester Bay regions
exhibited statistically significant blocks effects for fecal coliform. Of these three regions, Lower Charles
River and Dorchester Bay exhibited statistically significant temporal reductions of 53% and 56%;
respectively. This implies that CSO system improvements have succeeded in significantly reducing fecal
coliform counts in these two regions, but have failed to significantly reduce fecal coliform counts in the
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Inner Harbor (Table 7-3). The lack of significant temporal fecal coliform reductions in the remaining five 7

regions is inconclusive since the blocks effect was not significant. Enterococcus analyses yielded
sigﬁiﬁcant blocks effects in the Inner Harbor, Lower Charles River and Neponset River, and no significant
temporal reductions in any region. Therefore it can be concluded that CSO system improvements have not
had a significant effect on Enterococcus counts in these three regions, while no conclusion regarding system
improvements on Enterococeus can be drawn regarding the remaining five regions (Table 7-3).

A significant blocks effect allows a conclusion to be drawn as to whether CSO system improvements lead
to reduced recetving water bacteria counts. Only three of the sixteen scheme A analyses yielded conclusive
results, and only six of the sixteen scheme C analyses yielded conclusive results. The factorial ANOVA
using randomized blocks methodology has been proven effective and conclusive when considering the
entire data set (Section 3), and individual rainfall categories (Section 7.1). This methodology requires
sufficient data to characterize the different sources of variability. The major difference when considering
individual geographic regions is that considerably less data is available for each analysis. This implies that
an insufficient amount of data is available for many of the regions, which inhibits the effectiveness of the
analysis when applied to these geographic data subsets.

While both schemes yielded relatively few conclusive analyses, scheme C nevertheless yielded twice as
many as scheme A. This is likely due to a greater number of blocks contained in the scheme C analyses.
Scheme C consists of four seasonality factor levels compared to three for scheme A, which results in a 33%
increase in the number of randomized blocks. A strong blocking scheme has aiready been identified as
critical to the ability of the analysis to account for environmental variability. The increase in the number of
blocks increases the strength of blocking scheme C, which enables the corresponding set of geographic
region analyses to be more conclusive. Therefore scheme C-is considered the optimal blocking scheme
when considering temporal bacteria count reductions at individual geographic regions.

The two regions that have responded to system improvements with significant fecal coliform reductions are
the Lower Charles River and Dorchester Bay. A majority of the CSO system improvements implemented
since 1992 have focused on these two regions. The removal of illegal sewer connections to storm drains has
concentrated on discharges to these two water bodies. Several major CSO discharges into these two regions
(e.g. from Moon Island) have been deactivated. The two new CSO screening and disinfection facilities
discharge into Dorchester Bay. Chlorination has increased at the Cottage Farm facility, which discharges
into the Lower Charles River. Thus the portions of the CSO receiving water system which have received
the most extensive CSO system improvements have responded with statistically significant temporal
reductions in fecal coliform counts.

Section 5 demonstrated a statistically significant reduction in fecal coliform counts throughout the CSO
receiving water system as a whole, resulting from recent improvernents to the CSO drainage and discharge

system. The results of the analyses presented in this section further enhances the overall conclusion, by '
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demonstrating statistically significant fecal coliform reductions during wet weather when most system
improvements take effect, and within geographic regions which have received most of the system
improvements, In addition to confirming the anticipated characteristics of the receiving water response to
system improvements, these results demonstrate the suitability and robustness of the factorial ANOVA
using randomized blocks procedure. This data-based statistical approach has proven to be an effective
means of accounting for environmental variability and isolating the effect of CSO system improvements

over time.
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Table 7-1

~ ANOVA Results for Individual Rainfall Conditions

Reporntd7 xIs!Table 7-1

Sampling Year Treatment | significant CSO
ANOVA Analysis DoF F Improvements
Fecal Coliform
RMS = 0 in; Scheme A 1:30 2.95 No
RMS =0 in; Scheme B 1,28 1.58 No
IRMS =0 in; Scheme C 1,40 3.98 No
0in < RMS < 0.25in; Scheme A 1,31 16.19 Yes
0in < RMS < 0.25 in; Scheme B 1,28 17.76 Yes
0in < RMS < 0.25 in; Scheme C 1:43 12.21 Yes
RMS > 0.25 in; Scheme A 1;30 5.83 Yes
RMS = 0.25 in; Scheme B 1,28 4.84 Yes
RMS > 0.25 in; Scheme C 1,41 6.18 Yes
Enterococcus
RMS = 0 in; Scheme A 1;29 0.38 No
RMS = 0 in; Scheme B 1,28 0.52 No
RMS = 0 in; Scheme C 1,39 - 0.02 No
0in <RMS <0.25 in; Scheme A 1,29 0.01 No
0in < RMS < 0.25in; Scheme B 1:28 0.0001 No
0 in < RMS < 0.25 in; Scheme C 141 0.18 No
RMS > 0.25 in; Scheme A 1,29 2.41 No
RMS > 0.25 in; Scheme B 1,28 2.10 No
RMS > 0.25in; Scheme C 1:40 3.35 No
7-6
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[ Table 7-2
ANOVA Results for Individual Geographic Regions, Scheme A

Sampling Year Treatment Blocks Effect Significant CSO
Geographic Region DoF , F DoF E Improvements
. Fecal Coliform
Upper Charles River 1;6 2.44 8.6 0.32 Inconciusive
x Lower Charles River 1,8 5.02 8;8 3.28 Inconclusive
- Mystic River 1.7 0.04 8,7 3.18 Inconclusive
- Neponset River Headwaters 1,6 1.27 8;5 0.63 Inconclusive
- Neponset River 1,16 2.88 17,16 1.38 Inconclusive
Dorchester Bay 1,14 - 217 17,14 1.62 Inconclusive
Inner Boston Harbor 1,17 4.16 17;17 45 No
Outer Boston harbor 1,13 2.79 17;13 0.8 Inconciusive
Enterococcus
Upper Charles River 1;2 0.02 8;2 0.39 Inconclusive
" Lower Charles River 1:8 4.09 8:8 ' 9.44 No
i Mystic River 1,7 2.11 8,7 2.49 Inconclusive
. Neponset River Headwaters 1.5 0.93 8;5 1.17 | Inconclusive
Neponset River 1;16 0.04 17,16 1.45 Incopclusive
Dorchester Bay 114 0.08 17;14 0.73 inconclusive
4 [nner Boston Harbor 1,17 0.68 17;17 4.44 No
1 Quter Boston harbor 1,13 0.90 1713 0.75 Inconclusive
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Table 7-3

ANOVA Results for Individual Geographic Regions, Scheme C

Sampling Year Treatment

Blocks Effect

, Significant CSO
Geographic Region DoF F DoF F Improvements
Fecal Coliform
Upper Charles River 1,7 1.43 11;7 0.64 Inconclusive
Lower Charles River 111 8.9 11;11 2.83 Yes
Mystic River 1,9 0.0002 11;9 241 | Inconclusive
Neponset River Headwaters 1:8 - 3.03 11;8 | 1.03 Inconclusive
Neponset River 1;22 2.7 23,22 1.83 Inconclusive
Dorchester Bay 1:20 6.28 .23;20 2.23 Yes
Inner Boston Harbor . 1;23 3.64 23,23 3.17 No
Quter Boston harbor 1:19 0.68 23:19 0.93 Inconclusive
Enterococcus
Upper Charles River 1;3 0.001 11;3 0.44 Inconclusive
Lower Charles River 1;11 0.71 11;11 6.21 No
Mystic River 7 1:9 0.07 11;9 1.83 Inconclusive
Neponset River Headwaters 1:8 3.48 11:8 1.52 Inconclusive
Neponset River 1;22 0.12 23;22 213 No
Dorchester Bay 1:20 0.21 23:20 1.71 - Inconclusive
Inner Boston Harbor 1;23 0.004 23,23 3.82 No
Outer Boston harbor 118 0.80 23:18 0.89 Inconclusive
. 7-8
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8.0 COMPARISON WITH PREVIOUS STUDY

The analytical approach and statistical methodology described in this report were originally developed and
applied to CSO receiving water data from 1989-1995, as presented in the "Statistical Analysis of Combined
Sewer Overflow Receiving Water Data, 1989-1995" (Gong er. al, 1997). This report represents a
continuation and extension of the previous study. This section presents a brief comparison of data sets,
analytical techniques and results between this study and the previous one.

Bacteria count sample data and daily precipitation values used in this study were identical to those used in
the previous study, with the addition of sample counts and precipitation data obtained during 1996. 1996
was considered as a post-CSO system improvement sampling year, so that for the current study the
sampling year period representing post-CSO system improvements is expanded by one year, from 1992-
1995 to 1992-1996. Tidal elevation data associated with each bacteria count sample in the 1983-1995 data
set was obtained using published tide table predictions. For the current study, recorded tidal elevations
associated with every sample over the entire 1989-1996 period was used instead. Use of recorded tidal
elevations improves the precision of the analysis, since errors between predicted and actual tidal elevations
may weaken the randomized blocking procedure, which partitions the data into homogeneous groups with
respect to tidal elevation, geographic location, and seasonality.

The objectives and analytical approach to the issue being investigated are identical for the current and
previous studies, although the statistical hypothesis being tested is more explicitly described in this study
(Section 2.1). The same five key variables and their factor levels are used in both studies. The factorial
ANOVA with randomized blocks technique developed in this study is unchanged from the previous one,
and the same analytical procedure is applied. For both studies, the ANOVA was performed on the natural
logarithm transformation of the bacteria count data, although for the current study the results are converted
back to their untransformed values in Table 5-1.

The current study also extends the analysis beyond the previous study. The effectiveness of the analysis is
discussed in Section 5.3. The statistical methodology is evaluated in Section 6 by verifying its underlying
assumptions and comparing the results to a randomly sampled factorial ANOVA. The methodology is
applied to individual rainfall levels and geopraphic regions in Section 7. These exercises serve to validate

the results of the analysis.

The addition of 1996 data and the use of recorded tidal elevations in this study resulted in a slightly
different partitioning of the data into the cells of the ANOVA table (Tables 4-1 to 4-4). These
modifications to the data set did not substantiatly affect the basic characteristics of the observed temporal

reductions caused by CSO system improvements. Fecal coliform reductions were apparent over all rainfall
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conditions, though somewhat less during dry weather than wet weather. Enzerococcus reductions were only

evident during high rain conditions. For both studies, the overall temporal reduction in fecal coliform
counts was found to be strongly statisticaily significant. ‘

However, the statistical significance of overall Enterococcus count reductions did vary between the two
studies. The previous study was found to have borderline statistical significance, while the current study
failed to detect any statistically significant temporal decreases in overall Enterococcus counts. The current
study represents a more accurate analysis, since an additional year of post-CSQ system improvement data is
utilized and the use of recorded tidal elevations improves the homogeneity of the randomized blocks.
Therefore it can be concluded that a statistically significant decrease in fecal coliform but not Enterococcus
counts in the CSO receiving water system can be attributed to wet weather improvements to the CSO
drainage and discharge system.
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9.0 CONCLUSIONS

The objective of this study was to test the hypothesis that sewagé indicator bacteria counts in the CSO
receiving water system have experienced statistically significant decreases over the period from 1989 to
1996, in response to systemwide improvements to the CSO drainage and treatment network during this
period. Such an investigation is complicated by the high natural variability in bacteria counts due to
varying environmental conditions, and the uneven temporal and spatial distribution of the available data set.
A factorial analysis of variance (ANOVA) technique was developed to perform the statistical analysis,
adding a randomized blocks procedure to account for competing environmental variability. This
methodology utilizes advanced statistical techniques yet still falls under the realm of classical statistics, and
has been successfully implemented in a variety of applications.

The analysis follows an approach which 1) defines an appropriate statistical hypothesis to maximize the
strength of the analysis while providing a meaningful result, 2) fully utilizes all available data. by
considering the entire receiving water systemn as a whole, and 3) systematically accounts for naturally
occurring bacteria count variability by addressing five key variables which affect bacteria counts: sampling
year, rainfall, geographic location, tidal condition, and seasonality. By following this approach, a statistical
methodology was developed which isolated the effect of CSO system improvements that have taken piace,
primarily during 1992.

Variability due to sampling year and rainfall are accounted for by considering each parameter as an explicit
factor in the factorial ANOVA. Variability due to geographic region, tidal condition and seasonality- is
accounted for by partitioning the data into randomized blocks based on these parameters prior to performing
the factorial ANOVA. With all sources of environmental variability accounted for, the sampling year
parameter then represents changes in bacteria counts resulting from CSO system improvements. The
sampling year period from 1989-1991 represents conditions prior to implementation of the CSO system
improvements, and the period from 1992-1996 represents conditions after improvements have taken effect.

Based on the results of the implementation and evaluation of the applied statistical methodology, the
following conclusions can be drawn regarding sewage indicator bacteria counts in the CSO receiving water

system:

e Improvements to the CSO drainage and discharge system result in a statistically significant
overall reduction in fecal coliform counts over the entire CSO receiving water system of roughly

36%.

«  CSO system improvements do not result in a statistically significant reduction in Enterococcuts
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counts within the CSO receiving water system.

The factorial ANOVA with randomized blocks methodology successfully accounts for naturally
occurring environmental variability in both fecal coliform and Enterococcus counts, as indicated
by statistically significant F factors for the blocks effect and the rainfall treatment in the factorial
ANOVA (Section 5). This ensures that the results for the sampling year treatment reflect
improvements to the CSO drainage and discharge system. '

The results of the factorial ANOVA are valid since the underlying assumptions of residual
normality and equality of residual variances are satisfied.

The utilization of the randomized blocking technique substantially improves the precision of the
analysis, as indicated by the "efficiency of blocking” calculation, which shows that 6.5 times as
many replicates would be needed to maintain the same level of precision without blocking,

Conscientious partitioning of the data into appropriate treatments and blocks is critical to the
 successful implementation of the applied methodology, as indicated by the inability of the
randomly sampled factorial ANOVA to account for environmental variables and consequently
isolate the effect of CSO system improvements. '

A statistically significant temporal reduction in fecal coliform counts only occurs during wet
weather, which indicates that wet weather improvement to the CSO drainage and discharge
system have been primarily effective at reducing receiving water fecal coliform counts.
Significant reductions in Enterococcus counts did not occur under any rainfall condition.

Statistically significant temporal fecal coliform reductions were detected in the Lower Charles
River and Dorchester Bay. These geographic regions have received the majority of the CSO

system improvements. Insufficient data were available to draw conclusions at a number of

geographic regions.
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APPENDIX A

RESULTS FOR FACTORIAL ANOYA USING RANDOMIZED BLOCKS
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Fecal Coliform
Scheme A
Distribution of Samples over Treatments and Blocks

. RANDOMIZED ELOCKS TREATMENTS Total #
'.Geographici Tidal RMS =0in 0Oin<RMS<.25inf RMS>.25in |sampies
Region iCondition! Season| 89-91 92-95 89-91 92-95 89-91 92-95 |in block
Upper Charlesifreshwater ifalliwinter 89 [V} 19 1 72 0 181
Upper Charlesifreshwater ispring 23 45 31 55 14 20 188
Upper Charlesifreshwater isummer 39 61 36 93 69 100 398
Lower Chariesjfreshwater falliwinter] 110 <] 32 6 83 4 241
Lower Charlesifreshwater {spring 60 80 60 | 65 32 25 302
Lower Charlesifreshwater isummer 58 70 38 105 80 87 438
Mystic R. freshwater {fall/winter 46 68 19 59 8 50 250
Mystic R, freshwater Ispring 22 12 9 80 ] 6 129
Mystic R. freshwater {summer 77 135 37 58 102 57 486
Nepon. Head. |freshwater ifall/winter 11 2 15 0 8 2 38
Nepon. Head. ifreshwater ispring ] 8 2 3 0 5] 19
Nepon. Head. ifreshwater isummer 6 33 8 23 10 26 106
Neponset R. ihigh fall/winter 11 41 40 33 22 14 161
Neponset R. thigh spring 0 34 7 39 3 25 108
Neponset R. thigh summer 33 103 16 71 14 65 302
Neponset R. jlow fall/winter 24 24 38 32 25 30 173
Neponset R. ilow spring 1 - 35 8 18 4 41 104
Neponset R. ilow summer 6 103 25 83 56 a9 372
Dorch. Bay  ihigh falliwinter 11 0 24 0 23 - 1 89
Darch. Bay  ihigh spring 9 20 25 13 17 13 a7
Dorch. Bay thigh summer 45 83 26 80 43 65 342
Dorch. Bay ilow falliwinter 20 4 38 - 0 35 2 98
Dorch. Bay ilow spring 19 27 25 8 14 28 121
Dorch. Bay ilow summer 9 - 113 36 77 89 82 406
Inner Harbor {high fall/winter 52 43 45 3 - 49 30 251
Inner Harbor {high ispring 30 56 48 70 17 22 243
Inner Harbor thigh ‘summer 115 115 55 103 142 72 602
Inner Harbor {low falliwinter 34 42 33 46 53 32 240
inner Harbor ilow spring 50 39 32 93 5 32 251
inner Harbor ilow summer 75 116 50 | 54 88 112 535
Quter Harbor ihigh falliwinter 49 10 2] 10 22 5 105
Quier Harbor high spring 2 25 15 11 2 7 62
Outer Harbor 1high summer 43 142 23 121 57 133 518
Cuter Harbor ilow faliwinter| 44 0 27 0 17 0 88
Quter Harbor llow spring 4 19 23 21 0 17 84
Quter Harbor {low summer 59 160 37 106 77 127 566

Total number of jecal coliform samples: 8646
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Fecal Coliform
Scheme A

Cell Average Values (Blocks with Insufficient Data Removed)

Highlighted cells denote estimated values

REPORTAPS7 XLSIFC Scheme A

RANDOMIZED BLOCKS TREATMENTS - -
Geographic} Tidal ;- RMS=0in Din<RMS<.25in] RMS>.25in
Region iCondition: Season{ 89-91 92-95 89-91 92-85 89-91 92-95
Upper Charlesifreshwater ifailiwinter| 6.48 6.02 7.06 5.71 7.29 7.02
Upper Charlesifreshwater {spring 7.85 6.29 6.96 6.34 7.24 6.37
Upper Charlesifreshwater {summer 6.60 6.14 6.10 6.92 741 |. 6.94
Lower Charlesifreshwater falllwinter] 5.81 7.06 8.14 6.04 6.69 6.40
Lower Charlesifreshwater ispring 5.98 472 5.60 453 6.44 537
lLower Charlesifreshwater isummer 5.43 428 5.13 4.86 6.52 5.68
Mystic R. freshwater ifallfwinter] 5.48 5.83 6.25 6.45 8.12 6.62
Mystic R. freshwater ispring 4.19 4,51 463 4.89 5.94 6.29
Mystic R. freshwater isummer 4.69 4.88 486 | 3.98 621 | 6.60
Nepon. Head. ifreshwater Halliwinter] 6.72 6.16 6.56 6.35 7.54 7.97
Nepon. Head. ifreshwater isummer 7.29 6.92 7.77 6.93 8.07 7.63
‘INeponset R, ihigh ffalliwinter]  4.42 2.97 5.38 4.32 5.96 5.91
Neponset R. thigh spring 5.46 477 6.80 2.90 8.15 5.45
Neponset R. 1high summer 4.35 5.01 4.92 " 481 592 6.86
Neponset R. ilow fallfwinter] 4.94 527 481 4.40 6.17 5.58
Neponset R. jlow spring 3.78 4.38 5.80 £5.75 6.89 517
Neponset R. ilow summer 5.95 5.61 5.63 4.58 68.43 6.59
Dorch. Bay ihigh spring 1.54 210 1.98 2.34 2.95 .3.00
Dorch. Bay !high summer 2.16 2.33 2.96 2.71 3.48 3.73
Dorch. Bay llow falliwinter| 4.55 4.28 3.64 4.03 6.34 434
Dorch. Bay  llow spring 1.87 2.43 261 1.80 4.25 2.70
Dorch. Bay  ilow summer 438 | 2.38. 2.67 2.15 3.57 3.64
Inner Harbor thigh falllwinter|] 4.82 3.67 4.29 3.88 6.26 458
inner Harbor 3high spring 3.51 3.49 4,66 3.83 362 4.32
inner Harbor thigh summer 4.07 4.15 468 4.57 5.99 5,75
Inner Harbor ilow gfalliwinter 5.03 5.15 4.85 477 6.35 482
Inner Harbor {low ispring 368 | 288 | 452 | 399 | 317 | 490
inner Harbor {low isummer 4,20 4.12 5.48 4.33 5.44 '5.48
Quter Harbor }high falliwinterj 2.72 1.33 472 2.32 3.62 2.07
Quter Harbor ihigh spring 1.35 1.51 2.63 1.42 3.09 4.71
Quter Harbor ihigh surnmer 1.60 1.93 4.53 1.75 2.92 2.44
Outer Harbor ilow spring 3.30 1.98 1.81 2.59 343 2.29
Quter Harbor {low summer 1.86 2.01 2.01 1.89 2.65 2.68 .
' sum| 146.06 13654 | 158.44 13913 | 184.12 169.70
mean] 4.43 4,14 4.80 4.22 5.58 514
untransformed mean 83 62 121 67 264 170
% reduction 25.3% 44.6% 35.6%
overallmeany 138 89 '
overall % reduction 35.5%
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Fecal Coliform
Scheme A
Factorial ANOVA with Randomized Blocks

ANOVA Multipliers .
RMS =0in Oin<RMS<.25in] RMS>.25in Factorial Treatment| time rain’ | interaction Caorrection: C= 440574
89-01 92-96 | 89-91 92-96 | 89-91 92-96 { Effect Total 58 8S 8S 8S Total SS= 1126.89
time -1 1 -1 1 -1 1 -43,25 9.45 9.45 Blocks 8S = - 458,271
rainfno rainf = -2 2 1 ] 1 1 86.19 18.76 18.76 Error88= 61571
interaction 2 -2 -1 i -1 1 -14.69 0.54 0.54
high rain/low rain Q 0 -1 -1 i 1 56.25 23.97 23.97
interaction 0 0 1 -1 -1 1 4.89 0.18 0.18
52,90 9.45 42,73 073
Squares of ANOVA Mullipliers - sum divisor for S8
time 1 1 1 1 1 1 B 198
rainfno rain 4 4 1 i 1 1 12 396
interaction 4 4 1 1 1 1 12 3986
high rainflow rain 0 0 1 1 1 1 4 132
interaction 0 0. 1 1 1 1 4 132
ANOVA Results
Source of Variation DoF 55 MS F
#treat= 6 Blocks 32 458.27 14.32 34.69
#blocks= 33 Treatments 5 52.90 10.58 25.63
#cells= 198 Time 1 9.45 9.45 22.89
#Hzeros= 7 Rainfall 2 4273 21.38f 51.76]
avg of recip= 0.1026 Rain/no rain 1| 18.76 18.76 45,44
high/low rain - 1 2397 23.97 58.07
Error 153 615.71 0.41
Total 190| 1126.89
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Fecal Coliform
Scheme B
Distribution of Samples over Treatments and Blocks

REPORTAP97.XLSIFC Scheme B

[ RANDOMIZED BLOCKS TREATMENIS “Total # |
Geographici Tidal RMS=0in OiN<RMS<.25inf] RMS>.25in |samples
Region iConditioni Season| 89-91 92-95 89-91 9285 | 89-91 92.85 |in block
Charles R.  ifreshwater ifalliwinter] 199 6 ~ 51 7 155 4 422
Charles R. freshwater {spring 83 105 91 119 46- 45 489
Charles R.  lfreshwater {sumrmer 97 132 74 198 149 187 837
Mystic R. treshwater }faltfwinter 46 68 19 59 8 50 250
Mystic R. ifreshwater ispring 22 12 9 80 0 6 129
fMystic R. freshwater isummer .77 135 37 58 102 57 466
Nepon. Head, ifreshwater ifaliiwinter 11 2 15 [i] 8 .2 38
Nepon. Head. ifreshwater !spring 0 8 2 3 0 6 19
Nepon. Head. {freshwater isummer’ 6 33 8 23 10 26 106
Neponset R. 1high faliiwinter 11 41 40 133 22 14 161
Neponset R. 1high spring 0 34 7 39 3 25 108
Neponset R. thigh summer 33 103 16 71 14 65 302
Neponset R. ilow faliawinter 24 24 38 32 25 30 173
Neponset R, !low spring 1 35 8 15 4 41 104
Neponset R. !low summer 6 103 25 83 56 99 372
Dorch. Bay ihigh faltiwinter k] 0 24 0 23 1 59
Dorch. Bay  thigh spring 9 20 25 13 17 13 97
Dorch. Bay  ihigh summer 45 83 - 26 80 43 65 342
Dorch. Bay  ilow falliwinter 20 4 38 0 35 2 99
Dorch. Bay |low spring 19 27 25 8 14 28 121
Dorch: Bay  ilow tsurnmer 9 | 113 36 77 89 82 406
Inner Harbor thigh falliwinter 52 43 46 31 49 30 251
inner Harbor thigh spring 30 56 48 70 17 22 243
Inner Harbor ihigh summer 115 115 55 103 142 72 602
Inner Harbor ilow falliwinter 34 42 33 48 53 32 240
Inner Harbor }low spring 50 39 32 a3 5 3z 251
Inner Harbor {low summer 75 116 50 g4 88 112 535
. §Outer Harbor thigh falliwinter 49 10 g 10 22 5 105
Quter Harbor ihigh spring 2 25 15 il 2 . 7 62
Quter Harbor thigh summer 43 142 23 121 57 133 519
Quter Harbor ilow fallAwinter 44 0 27 0 17 0 38
Outer Harbor ilow spring 4 19 23 21 0 17 84
Outer Harbor ilow summer 59 160 37 106 77 127 566
- Total number of fecal coliform sampies: 8646
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Fecal Coliform
Scheme B _
Cell Average Values (Blocks with insufficient Data Removed)

RANDOMIZED BLOCKS TREATMENTS
Geographic; Tidal RMS =01 Oin<RMS<.25in|] RMS>.25in
Region __:Condition; Season 89-91 9_2_—95_ 88-91 93»95 89-91 92.95 |
ICharles R.  ifreshwater ifalliwinter] 6.11 7.06 6.43 5.99 6.97 6.40
Charles R.  ifreshwater !spring 6.50 5.39 6.08 5.33 6.68 5.81
Charles R.  ifreshwater isummer 5.90 514 5.60 5.83 6.93 6.36
Mystic R. freshwater jfalliwinter| 5.48 5.83 625 6.45 8.12 6.62
Mystic R. freshwater ispring 419 4.51 463 4.89 5.95 6.29
Mystic R, freshwater isummer 469 4.88 4.86 3.98 6.21 6.60
Nepon. Head, ifreshwater ifall/winter] 6.72 6.16 6.56 6.35 7.54 7.797
Nepon. Head. freshwater isummer 7.29 6.92 7.77 6.93 8.07 |. 763
Neponset R. ihigh falliwinter{ 4.42 2.97 5.38 4.32 5.96 5.91
Neponset R. {high spring 5.39 477 6.80 3.90 8.15 5.45
Neponset R. lhigh summer 4.35 5.01 4.92 4.81 5.82 6.88
NeponsetR. ilow falliwinter] 4.94 5,27 4.81 4.40 6.17 5.58
Neponset R. ilow spring 3.78 4.38 5.80 5.75 6.89 517
Neponset R. ilow summer 5.95 5.61 5.63 4.58 6.43 6.59
Dorch. Bay  ihigh spring 1.54 210 1.98 2.34 2.95 3.00
Dorch. Bay ‘high isummer | 216 | 233 | 296 | 2.71 3.48 3.73
Dorch. Bay  ilow tallwinter] 4.55 4,28 3.64 4.03 6.34 4.34
Dorch. Bay ilow spring 1.87 2.43 2.61 1.80 4,25 2.70
Dorch. Bay  ilow summer 4.38 2.36 2.67 2.15 3.57 364
Inner Harbor ;high faltiwinter | 4.82 367 |. 428 | 3.88 6.26 4.58
Inner Harbor high spring 3.51 3.49 466 | 3.83 3.62 4.32
Inner Harbor thigh isummer 4.07 4.15 4.68 4.57 5.99 5.75
inner Harbor low falllwinter | 5.03 5.15 4.85 4,77 6.35 482
Inner Harbor ilow spring 3.68 2.88 4.52. 3.99 3.17 4.80
Inner Harbor {low summer 420 412 5.48 4.33 5.44 5.48
Outer Harbor }high falliwinter | - 2.72 1.33 472 2.32 3.62 2.07
Quter Harbor ;high spring 1.35 1.51 2.63 142 3.09 4.71
Quter Harbor thigh summer 1.60 1.93 4.53 1.75 2.92 244
Quter Harbor jlow spring 3.30 1.98 1.81 2.59 3.45 2.29
Quter Harbor llow  isummer 1.86 2.01 2.01 1.89 2.65 2.68
sum| 126.35 119.62 | 139.568 121.88 | 163.14 150.49
mean] 4.21 3.99 465 4.086 544 5.02
untransformed mean] 66 53 104 57 229 150
% reduction 19.7% 45.2% 34.5%
overall mean{ 116 77 '

overall % reduction 33.6%

Highlighted cells denote estimated values
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Fecal Coliform
Scheme B

Factorial ANOVA with Randomized Blocks

ANOVA Multipliers _
RMS=0in 0in<RMS<.25in RMS > .25in Factorial | Treatment| time rain inferaction Correction: C = 3745.31
89-31 §2-98 | 89-91 92-98 89-91 92-96 | Effect Total S8 S8 . 8S ss Total SS = 1037.72
time -1 1 -1 1 -1 1 -37.09% 7.64 7.64 Blocks SS= 398.424
rain/no rain -2 -2 1 1 1 1 83.16 19.21 19.21 " EmorSS= 58877
interaction 2 -2 -1 1 -1 1 -16.90 0.79 - 0.79
high rainflow rain] © 0 0] --1 -1 1 1 52.18 22867 22.67
interaction] 0 0 1 -1 -1 1  5.08 0.21 0.21
50.53 7.64 41.88 1.01
Squares of ANOVA Multipliers sum divisor for 58
time 1 1. 1 1 1 1 6 180
rain/no rain 4 4 1 1 1 1 12 380
interaction 4 4 1 1 1 1 12 360
high rainflow rain 0 0 1 1 1 1 4 120
interaction] 0 0 1 1 1 1 4 120
ANOVA Resuits
Source of Variation DoF S§ MS | . F
treat= 6 Blocks . 29 398.42 13.74 35.11
#blocks= 30 Treatments 5 50.53 10.11 25.82
#celis= 180 Time | 7.64 7.64 19.53
#zeros= 5 Rainfall 2 41.88 20.94 53.51
avg of recip= 0.0931 Rain/no rain 1 19.21 19.21 49.09
high/low rain 1 22,67 22.67 57.93
Error 140 588.77| . 039
Total 174 1037.72
REPORTAPS7 XLSIFC Scheme B . 4501-007-28P
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Fecal Coliform

Scheme C
Distribution of Samples over Treatments and Blocks
RANDOMIZED BLOCKS B TREATMENTS Total #

Geographic: Tidal RMS=0in 0in<RMS<.25in RMS > .25in samples

Region |Conditioni Season| 89-91 92-85 89-91 92-85 89-91 92-95 {in block
Upper Charlesifreshwater ifaliwinter| 89 0 19 1 72 0 181
Upper Charles} freshwater {spring 23 45 3 55 14 20 188
Upper Cherles! freshwater 1jul 39 54 35 86 69 83 366
Upper Charlesifreshwater iaug ¢ 7 1 7 D 17 32
Lower Charlesifreshwater ifallfwinter 110 6 32 6 83 4 241
Lower Charlesifreshwater }spring 60 &0 60 65 32 25 302
Lower Charlestfreshwater {jul 51 63 34 100 74 75 398
Lower Chariesifreshwater iaug 7 7 4 5 6 11 40
Mystic R. ifreshwater fallfwinter 46 68 19 59 8 50 250
Mystic R. freshwater ispring 22 12 9 a0 4] 6 128
Mystic R. freshwater ijul 21 0 21 20 16 11 89
Mystic R. freshwater laug 56 135 18 3s 86 46 - 377
Nepon. Head. {freshwater ifalliwinter i 2 15 0 8 2 38
Nepon. Head. ifreshwater :spring 0 8 2 3 0 6 19
Nepon. Head. |freshwater tjul 2 15 4 20 8 15 64
Nepon. Head. !freshwater laug 4 18 4 3 2 11 42
Neponset R.  {high fail/winter 11 41 40 33 22 14 161
Neponset R. ihigh spring 1] 34 7 39 3 25 108
Neponset R. 1high jul 12 46 11 57 11 43 180
Neponset R.  {high aug. 21 57 5 14~ 3 22 122
Neponset R. ilow failfiwinter 24 24 38 32 25 30 173
Neponset R. ilow spring . 1 35 8 15 4 41 104 .
NeponsetR. ilow jud 3 49 10 68 50 50 230
Neponset R. ilow aug 3 54 15 15 6 49 142
Dorch. Bay  high fall/winter 1" 0 24 o 23 1 59
Dorch. Bay  {high spring 9 20 25 13 17 13 97
Dorch. Bay  thugh jul 19 37 18 61 39 43 217
Dorch. Bay  thigh aug 26 46 8 19 4 22 125
Dorch. Bay ilow faltiwinter 20 4 38 0 35 2 99
Dorch. Bay ilow spring 19 27 25 8 14 28 121
Dorch. Bay low jul 6 57 21 70 78" 49 281
Dorch, Bay  ilow aug 3 56 15 7 11 33 125
inner Harbor thigh fall/winter 52 43 48 31 49 30 251
Inner Harbor thigh spring 30 56 48 70 17 22 243
Inner Harbor ihigh jul 54 48 14 - 79 25 41 261
{nner Harbor ihigh aug 61 67 41 24 117 31 341
Inner Harbor 1low falliwinter 34 42 33 45 53 32 240
Inner Harbor tlow spring 50 39 32 a3 5 32 251
inner Harbor  tHow jul 16 51 23 79 15 82 266
Inner Harbor {low aug 59 65 27 15 73 30 269
Quter Harbor . thigh fallfwinter 49 10 9 10 22 .5 105
Quter Harbor 1high spring 2 25 15 11 2 7 62
Quter Harbor thigh jul 6 42 2 38 2 29 119
Cuter Harbor ihigh aug 37 100 21 83 55 104 400
Quter Harbor jlow fal¥winter 44 0 27 0 17 0 88
Quter Harbor llow spring 4 19 23 21 0 17 84
Quter Harbor jlow jul 23 53 3 48 g 33 167
Quter Harbor ow aug 36 107" 34 60 638 94 399

Total number of fecal coliform samples: 8646
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Fecal Coliform

Highlighted cells denote estimated values

REPORTAP97 XL.SIFC Scheme C

A-8

Scheme C
Cell Average Values (Blocks with Insufficient Data Removed)
— RANDOMIZED BLOCKS TREATMENTS
Geographic: Tidal RMS =0in 0in<RMS<.25in| RM3S>.25in
Region !Condition! Season| 89-91 92-95 89-91 92-95 89.91 92-95
Upper Charlesifreshwater {fall’winter | 6.48 6.03 7.08 5.71 7.29 7.06
Upper Charlesifreshwater ispring 7.85 6.29 6.96 6.34 7.24 6.37
Upper Charlesifreshwater ijul 6.60 6.18 6.11 6.97 7.41 65.74
Lower Charlesifreshwater ifall/winter] 5.81 7.08 6.14 6.04 6.69 6.40
-JLower Chariesifreshwater ispring 5.08 4.72 5.60 4.53 6.44 5.37
Lower Charesifreshwater jjul 5.51 437 | 5.13 4.89 6.49 5.84
Lower Charlesifreshwater aug 488 3.49 5.16 426 6.85 4.58
Mystic R. freshwater ifalliwinter] 5.48 5.83 6.25 6.45 8.12 6.62
Mystic R. Hreshwater ispring 4.19 4.51 4,63 4.89 596 | 6.29
Mystic R. freshwater !ul 4.18 4.24 4.53 3.49 4.94 7.50
Mystic R. freshwater }aug 4.88 4.88 5.29 4.25 6.45 5.39
Nepon. Head. ifreshwater jfallwinter| 6.72 6.16 6.56 6.33 7.54 7.77
Nepon. Head. {freshwater jul 7.37 6.83 7.05 6.88 7.69 7.90
Nepon. Head. ifreshwater raug 7.25 6.99 8.49 7.32 9.59 7.28
Neponset R.  thigh fallwinter | 4.42 2.97 5.38 4.32 5.96 5.91
Neponset R. thigh spring - 5.50 4.77 6.80 3.90 8.15 545 -
Neponset R.  thigh jui 4.51 4.33 5.06 4.60 5.59 6.72
Neponset R. thigh aug 4.26 5.55 4.62 5.67 7.12 7.13
Neponset R. ilow faltiwinter] 4.94 527 4.81 4.40 8.17 5.58
Neponset R. jlow spring 3.78 4.38 5.80 5.75 6.89 5.17
NeponsetR. ilow jul 5.08 4.20 - 5.71 4.65 6.23 5.57
Neponset R, ‘low aug 6.85 6.88 5.57 4.29 8.12 7.63
Dorch. Bay  ihigh spring 1.54 2.10 1.98 2.34 2.95 3.00
Dorch. Bay * ihugh jul 1.80 1.62 2.35 2.49 335 | 3.80
Dorch. Bay  thigh aug 242 2.90 4.34 3.42 4,79 3.60
Dorch. Bay  ilow falllwinter| 4.55 4.28 3.64 4.01 6.34 4.34
Dorch. Bay ilow spring 1.87 2.43 2.61 1.80 425 | 270
Dorch. Bay  ilow 2 djul 2.84 2.00 215 2.14 3.10 3.32
Dorch. Bay  fow aug 7.46 2.72 3.39 2.23 6.91 412
Inner Harbor  thigh falllwinter | 4.82 3.687 429 | 3.88 6.26 4.58
inner Harbor thigh spring 3.51 3.49 4.68 3.83 362 432
inner Harbor !high jul 3.85 3.82 3.90 4.81 5.60 580
Inner Harber high aug 4.25 4.39 4.95 3.77 6.07 5.67
Inner Harbor ilow fall/winter | 5.03 5.15 4.85 4.77 6.35 4.82
Inner Marbor tlow spring 3.68 2.88 4.52 3.99 3.17 4.90
Inner Harbor ilow jul 3.85 4.08 5.05 4.54 4.44 5.63
Inner Harbor ilow aug 4,30 4.14 5.84 3.22 5,64 5.07
Quter Harbor 1high falliwinter | 2.72 1.33 472 2.32 3.62 2.07
Quter Harbor {high spring 1.35 1.51 2.63 142 3.09 - 4.7
Quter Harbor jhigh jul 1.53 2.73 0.92 2.06 1.35 2.01
Quter Harbor thigh aug 1.61" 1.59 4.87 1.60 297 |° 256
Outer Harbor {low spring 3.30 1.98 1.81 2.59 3.45 2.29
Quter Harbor ilow jul 1.58 2.33 1.59 2.35 2.35 3.01
Cuter Harbor ilow aug 2.03 1.85 2.05 1.54 -2.69 2.56
' sum|] 192.39 - 178.93 | 205.82 181.05 | 24529 226.13
mean{ 4.37 4,07 4.68 4.11 5.67 5.14
untransformed mean 78 58 107 60 261 170
% reduction 25.6% 43.9% 34.9%
overall mean] 130 84
overall % reduction 35.4%
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Fecal Coliform
Scheme C
Factorial ANOVA with Randomized Blocks

ANOVA Multipliers .
RMS=0in Oin<RMS <.25in RMS > .25in Factorial | Treatment| time rain interaction Cormrection; C= 5727.05
89-91 92-86 89-91 92-95 89-91 92-96 . | Eifect Total 88 85 SS 88 Total 8§ = 1594.74
fime -1 1 -1 1 -1 1 -57.39 12.48 12.48 Blocks 8S= 651.485
rain/ho rain -2 -2 1 1 1 1 115.65] . 2533 25.33 Error SS=  864.10
interaction 2 -2 -1 1 -1 1 -17.01 0.55 0.55
high rainflow rain 0 4] -1 -1 1 1 84.55 40.62 40.62
inleractioni 0 o 1 -1 -1 1 5.61 0.18 0.18
79.15 12.48 65.95 0.73
Squares of ANOVA Multipliers sum divisor for S8
timef 1] 1 1 1 1 1 8 264
rain/no rainf 4 4 1 1 1 1 12 528
interaction 4 4 1 1 1 1 12 528
high rain/low rain 0 0 1 1 1 1 4 176
interaction 0 0] 1 1 1 1 4 176
ANOVA Results
Source of Variation DoF S5 MS F |
#treat= 6 Blocks 43 651.49 15.15 31.62
#blocks= 44 Treatments 5 79.15 15.83 33.04
#eells= 264 Time 1 12.48 12.48 26.04
#zraros= 8 Rainfall 2 65.95 32.97 68.82
avyg of recip= 0.1148 Rain/mo rain 1 25.33 25.33 52 87
high/Aow rain 1 40.682 40.62 84.77
Error : 207 864,10 0.48
Total 255 1594,74

REPORTAPY7 XLSIFC Scheme C
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Enterococcus
Scheme A
Distribution of Samples over Treatments and Blocks

RANDOMIZED BLOCKS

REPORTAPS7 XL3IEN Scheme A .

TREATMENTS Total #
Geographic! Tidal RMS=0in Oin<RMS <.25in] RMS>.25in |}samples
Region iConditioni Season| 89-91 | 92-95 89-91 92-95 89-91 92-95 |in block
Upper Charlesifreshwater ifaliiwinter 89 0 19 0 72 V) 180
Upper Charesifreshwater ispring 0 47 0 56 0 20 123
Upper Charlestfreshwater isummer 39 60 36 93 68 100 396
Lower Charlesifreshwater ifalliwinter 108 6 32 5 83 4 238
Lower Charles%freshwater spring 16 59 12 65 2 25 179
Lower Charlesifreshwater isummer 58 70 38 103 79 87 435
Mystic R. ifreshwater ifaliiwinter 46 68 18 59 8 50 250
MysticR.  ifreshwater ispring 22 12 7 80 0 6 127
Mystic R.  ifreshwater isummer 77 133 37 58 102 57 464
Nepon. Head. ifreshwater |fali/winter 10 1 14 0 8 2 35
Nepon. Head. ifreshwater ispring 0 8 2 3 0 8 19
Nepon. Head. ifreshwater isummer 8 31 8 24 10 28 107
JNeponset R. ihigh falliwinter " 9 40 6 22 14 102
Neponset R. thigh spring 0 16 7 16 3 24 66
Neponset R. ihigh summer 33 98 16 70 14 65 296
Neponset R. ilow falliwinter 24 10 38 30 25 25 1582
Neponset R. ilow spring 1 29 8 10 4 32 84
Neponset R, ilow summer 6 101 25 82 56 107 377
Dorch. Bay lhigh fail/winter " 0 24 0 23 1 59
Dorch. Bay  thigh ispring 9 20 25 13 17 13 97
Dorch. Bay  ihigh isummer 45 82 26 80 43 65 341
Dorch. Bay. llow ifalliwinter 20 2 38 0 35 2 97
Dorch. Bay . {low spring 19 27 25 8 13 28 120
Dorch. Bay ilow summer 9 108 6 78 89 88 408
Inner Harbor !high fall/winter 52 43 46 31 49 30 251
inner Harbor thigh spring 30 53 48 70 17 24 242
Inner Harbor thigh summer 115 112 55 103 142 72 599
Inner Harbor jlow fallfwinter 34 39 33 46 54 32 238
Inner Harbor llow spring 50 39 32 91 5 32 249
inner Harbor ilow isummer 75 113 50 94 88 112 532
Quter Harbor jhigh fall/winter 43 10 9 ] 22 5 104
Quter Harbor ihigh spring 2 20 15 11 2 7 57
Quter Harbor ihigh summer 43 140 23 121 57 134 518
Quter Harbor ilow fall’winter 42 0 27 0 17 -0 86
OQuter Harbor !low - ispring 4 19 23 21 0 17 84
OQuter Harbor llow isummer | = 58 156 37 104 77 127 560
Totai number of Enterococcus samples: 8272
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Enterococcus
Scheme A
Cell Average Values (Blocks with Insufficient Data Removed)

RANDOMIZED BLOCKS _ TREATMENTS
Geographici Tidal RMS =0in OiNn<RMS<.25in] RMS>.25in
Region :Condition: Season 89-91 92-95 89-91 92-95 898-91 92.85
Upper Charlesifreshwater ifaliiwinter| 5.63 5.85 6.14 6.03 7.16 6.82
Upper Charlesifreshwater !spring 4.52 462 4.75 493 5.88 5.37
Upper Charlesifreshwater !summer 4.58 4.41 4.07 5.33 6.53 5.92
Lower Charlesifreshwater ifalliwinter| 4.62 6.94 4.84 5.87 6.11 6.67
Lower Charlesifreshwater ispring 2286 3.13 2.29 3.28 3.65 4,20
Lower Charlesifreshwater tsummer 3.02 2.76 3.10 3.25 4.60 3.08
Mystic R. freshwater ifalliwinterf 3.86 3.50 5.82 4,14 8.00 4,36
Mystic R. freshwater ispring 3.62 3.60 3.99 4.12 5.22 5.57
Mystic R. freshwater {summer 3.81 3.84 3.69 3.50 4.73 547
Nepon. Head. freshwater ifalliwinter] 5.94 6.91 6.06 | 6.45 7.81 6.99
Nepon. Head. ifreshwater isummer 6.66 5.64 6.16 5.62 8.34 6.66
Neponset R. |high Efalllwinter 4.23 3.58 4.56 5.92 5.16 5.54
Neponset R. ihigh ispring 4.26 3.39 4,62 3.66 7.44 5.17
_{Nepaonset R. thigh summer 3.19 3.80 2.97 3.71 4.83 543
NeponsetR. ilow falliwinter ]|  3.47 £.35 3.44 3.67 5.17 5.45
‘INeponset R.  ilow Ispring 2.40 2.70 3.76 5.29. 576 467
Neponset R. ilow {summer 4.47 4,01 412 3.11 5.33 521
Dorch. Bay  ihigh spring 1.02 1.60 1.40 1.75 1.68 225
Dorch. Bay  lhigh summer 2.00 214 2.02 2.17 2.02 318
Dorch. Bay ilow falliwinter] 2.64 2.42 2.52 2.53 4.43 2.09
Dorch. Bay ilow spring 1.26 1,52 1.58 1.14 3.04 2.03
Dorch. Bay llow {summer 2.04 - 2.20 1.62 2.03 2.40 3.04
Inner Harbor {high falliwinter] 3.49 2.36 4.05 2.84 5.24 262
Inner Harbor ihigh spring 1.74 2.84 2.24 2.97 2.36 3.99
Inner Harbor 1high summer 2.48 2.52 2.98 3.03 3.54 4.01
Inner Harbor ilow falliwintery 3.84 3.3 4.69 2.98 5.98 362
Inner Harbor low spring 1.93 2.41 2.49 2.98 1.68 3.76
Inner Harbor {low summer 3.12 2.498 2.72 3.18 3.44 3.90
Cuter Harbor ilhigh falliwinter{ 3.19 1.33 4.01 122 4.41 -1.09
Quter Harbor {high spring 1.35 1.38 1.60 1.59 1.35 3.67
Quter Harbor ihigh summer | 1.57 1.71 1.71 1.61 2.07 2.04
Quter Harbor ilow spring 1.57 1.84 1.62 2.03 3.00 2.74
Outer Harbor ilow summer 1.61 1.81 1.61 1.89 1.92 221
sum] 105.39 107.81 113.24 113.78 150.30 139.72
mean 3.19 3.27 343 345 - 455 423
untransformed mean 23 25 30 Ky | 94 63
% reduction -8.7% -3.3% 27.7%
overall mean 40 37
overall % reduction 7.5%
Highlighted cells denote estimated values
REPORTAPI7 XLISIEN Scheme A A-T1 4501-007-28P
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Enterococcus
Scheme A .
‘Factorial ANOVA with Randomized Blocks

ANOVA Mullipliers
RMS =0in 0in <RMS <.25in RMS > .25 in Factorial | Treatment| time rain interaction Correclion: C= 2693.18
89-91 92-06 89-91 92-96 89-91 02-96 | Effect Total S8 58 S8 S8 Total 8S= 1039.90
time -1 1 -1 1 -1 1 -7.62 0.29 0.29 Blocks §S = 414.408
rain/no rain] -2 2 C1 1 1 1 90.64 20.75 20.75 Error S§=  572.89
interaction 2 -2 -1 1 - -1 1 -14.88 0.56 0.56
high rainflow rain 0 0 -1 -1 1 1 63.00 30.07 30.07
interaction 1] 0 ! -1 > -9 1 -11.12 0.94 . 0.94
52.60 0.29 50.81 1.80
Squares of ANOVA Multipliers sum divisor for S8
time 1 1 1 1 1 1 8 198
rain/no rain 4 4 1 1 1 1 12 396
interaction] 4 4 1 1 1 1 "2 398
high rainflow rain 0 0] 1 1 1 1 4 132
interactiony 0 0 1 1 1 1 4 132
ANOVA Results
Source of Variation DoF S8 MS F
#treat= 6 Blocks 32 414 41 12.95 27.39
#blocks= 33 Treatments 5 52.60 10.52 22.25
#cells= 198 . Time 1 0.29 0.29 0.62
#zeros= 7 - Rainfall 2 50.81 25.41 53.73
avg of recip= 0.1263 - Rain/no rain 1 20.75 20.75 43.87
‘ highfiow rain 1 30.07 30.07 63.59
Error 153 572.89 0.47
Total 190 1039.90 :
REPORTAP97.XLSIEN Scheme A 4501-007-28P
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Enterococcus
Scheme B

Distribution of Samples over Treatments and Blocks

REPORTAFS7.XLS!IEN Scheme B

— RANDOMIZED BLOCKS | “TREATMENTS Total #
Geographicg Tidal | RMS=0in Din<RMS<.25in] RMS>.25in |samples
Region !Conditioni Season| 8981 | 9295 | 89-81 | 9295 | 89-91 | 92-95 |in block
Charles R.  ifreshwater ifalliwinter 197 6 51 5 155 4 418
Charles R.  ifreshwater !spring 16 106 12 121 2 45 302
Charles R. . freshwater !summer 97 130 74 196 147 187 831
Mystic R. freshwater ifalliwinter 46 63 19 59 8 50 - 250
Mystic R. freshwater |spring 22 12 7 80 0 6 127
Mystic R. freshwater {summer 77 133 37 58 102 57 464
Nepon. Head. ifreshwater ifall/winter 10 1 14 0 8 2 35
Nepon. Head. ifreshwater ispring ] 8 2 3 0 6 19
Nepon. Héad. ifreshwater fsummer 6 31 8 24 10 28 107
Neponset R. ihigh fail/winter 11 2] 40 6 22 14 102
Neponset R. ghigh spring 0 16 7 16 3 24 66
Neponset R. thigh summer 33 98 16 70 14 65 296
Neponset R. ilow falliwinter 24 10 38 30 25 25 152
Neponset R. tlow spring 1 29 8 10 4 32 84
Neponset R. tlow summer 6 101 25 82 56 107 377
Dorch. Bay ihigh falliwinter 11 0 24 0 23 1 59
Dorch. Bay  thigh ispring 9 20 25 13 17 13 87
Dorch. Bay ihigh summer 45 82 26 80 43 65 341
Dorch. Bay ilow falliwinter 20 2 38 0 35 2 97
Dorch. Bay ‘low spring 18 27 25 8 13 28 120
Dorch. Bay llow summer 9 108 36 78 89 88 408
Inner Harbor 1high failiwinter 52 43 46 31 49 30 251
Inner Harbor high spring 30 53 48 70 17 24 242
inner Harbor 1high summer | - 115 112 55 103 142 72 589
Inner Harbor ilow falliwinter 34 38 33 46 54 32 238
Inner Harbor tlow spring 50 39 32 91 5 32 249
Inner Harbor !low summer 75 113 50 84 88 112 532
Quter Harbor thigh falliwinter 49 10 9 9 22 5 104
Outer Harbor ihigh - ispring 2 20 15 11 2 7 57
Quter Harbor {high summer 43 140 23 121 57 134 518
Quter Harbor ilow falliwinter 42 0 27 0 17 0 86
Quter Harbor ilow ispring 4 19 23 21 0 17 84
Quter Harbor ilow isummer 59 156 7 104 77 127 5680
' Total number of Enterococcys samples: 8272

4501-007-29P



_Enterococcus
Scheme B

Cell Average Values (Blocks with Insufficient Data Removed)

[ RANDOMIZED BLOCKS ~ TREATMENTS
| Geographic] Tidal RMS=0in [0in<RMS<.25in| RMS> .25in
Region Condition: Season| 83%-91 92.95 8_9-_91 92-515 89-91 92-95
Charles R. freshwater ifalliwinter] 5.08 6.94 532 5.87 6.60 6.67
Charles R. freshwater 1spring 2.26 3.79 2.29 4.04 3.69 472
Charles R. freshwater summer 3.64 3.52 3.57 4.24 5.49 5.02
Mystic R. freshwater Halliwinter] 3.86 3.50 5.82 4,14 8.00 4,36
Mystic R. freshwater |spring 3.62 3.60 3.99 412 5.20 5.57
Mystic R. freshwater }summer 3.81 3.84 3.69 3.50 4.73 5.47
Nepon. Head. ifreshwater ifalliwinter] 5.94 6.91 6.06 6.45 7.81 6.99
Nepon. Head. ifreshwater !summer 6.56 5.64 6.16 5,62 8.34 6.66
Neponset R. ihigh ifalifwinter] 4.23 3.58 4.56 5.92 5.16 554
Neponset R. !high spring 4.26 3.39 4.62 3.66 7.44 5.17
Neponset R. lhigh summer 3.19 3.80 2.97 3.71 4.83 543
Neponset R. ilow falliwinter | 3.47 5.35 3.44 3.67 517 5.45
Neponset R. ilow spring © 240 2.70 3.76 529 576 467
Neponset R. iow summer | 4.47 4.01 4,12 3.11 5.33 5.21
Dorch. Bay ihigh spring 1.02 1.50 1.40 1.75 1.66 225 -
Dorch. Bay thigh summer { 2.00 2.14 2.02 2.17 2.02 3.18 -
Dorch. Bay ilow faliiwinter] 2.64 2.42 2582 2.52 4.43 2.09
Dorch. Bay ilow spring 1.26 - 1.52 1.58 1.14 3.04 2.03
Dorch. Bay llow summer 2.04 2.20 1.62 2.03 2.40 3.04
Inner Harhor thigh falllwinter | 3.49 2.36 4.05 2.84 5.24 2.62
Inner Harbor jhigh spring 1.74 2.84 2.24 2.97 2.36 3.99
Inner Harbor {high summer 2.48 2.52 2.98 3.03 3.54 4.01
Inner Harbor iiow faliiwinter] 3.84 CRcHl 4,69 2.96 5.88 3.62
Inner Harbor ilow spring 1.93 2.41 2.48 2.98 1.68 3.76
Inner Harbor low summer 3.12 249 | 272 3.16 3.44 3.90
Quter Harbor ihigh falliwinter| 3.19 1.33 4.01 1.22 4.41 1.09
Quter Harbor thigh spring 1.35 1.38 - 1.60 1.58 1.35 3.67
Outer Harbor ihigh summer | 157 1.71 1.71 1.61 2.07 2.04
Outer Harbor {ow spring 1.57 1.84 1862 2.03 2.98 2.74
Outer Harbor jlow {summer 1.61 1.81 1.61 1.88 1.92 2.21
sumr 91.74 94.35 99.23 99,23 132.07 123.17
mean} 3.06 3.15 3.31 331 4.40 4.11
. untransformed mean 20 22 26 26 80 60
% reduction -10.0% 0.0% 25.0%
overall mean 35 32
overall % reduction 8.6%

Highlighted cells denote estimated values

REPORTAPS7 XLSIEN Scheme B
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Enterococcus
Scheme B
Factorial ANOVA with Randomized Blocks
ANOVA Multipliers
RMS=0in 0in<RMS <.25in RMS = .25in Factorial | Treatment| time rain interaction Carrection: C= 2274.06
89-91 92-96 89-91 92-96 89-91 92-96 | Effect Total S8 8S S8 ss . Total S§=  952.00
time -1 1 -1 1 -1 1 -6.29 0.22 0.22 ‘ Blocks SS = 354.579
rain/no rain -2 -2 1 1 1 1 8152 18.46 . 1846 EmorS8=  550.75
interaction 2 -2 -1 1 -1 1 -14,12 0.55 - 0.55
high rainflow rain 0 0 -1 -1 1 1 56.78 26.87 26.87
interaction 0 0 1 -1 -1 1. -8.90 0.66 0.66
46,76 0.22 45,33 1.21
Squares of ANOVA Multipliers . sum divisor for S8
time 1 1 1 1 1 1 <] 180
" rainmorain) 4 4 1 1 1 1 12 360
interaction 4 4 1 1 1 1 12 360
high rain/low rain o o 1 1 1 1 4 120
interaction 0 0 1 1 1 1 4 120
ANOVA Results
Source of vVariation DoF_ SS MS F
iHtreat= 6 Blocks . 29 354.58 12,23 30.02
#blocks= 30 Treatments 5 46.76 9.35 22,96
#cells= 180 Time 1 0.22 0.22 0.54
#zeros= 5 Rainfall 2 45.33 22.66 §5.64
avg of recip= 0.1035 Rain/no rain 1 18.46 18.46 45,32
high/low rain 1 26.87 26.87 65,08
Error 140 550.75 0.41
Total 174 952.09

REPORTAPYH7 XLSIEN Scheme 8 ] 4501-007-29P



Enterococcus

REPORTAPS7 XLSIEN Scheme C

Scheme C . :
Distribution of Samples over Treatments and Blocks
RANDOMIZED BLOCKS . TREATMENTS Totat #
Geographici Tidal RMS =0 in 0in<RMS<.25in| RMS>.25in_|samples|
Region iConditioni Season| 89-91 92-95 89-91 9295 89-91 92-85 |in block
Upper Charles!freshwater falliwinter 89 0 19 V] 72 0 180
Upper Charles!freshwater ispring 0 47 o 56 0 20 123
Upper Charlesifreshwater ijul 39 54 35 86 68 83 365
Upper Charlesifreshwater taug 0 6 . 1 7 0 17 3
Lower Charlesifreshwater {fallfwinter 108 € 32 5 83 4 238
Lower Charlesifreshwater spring 16 59 12 65 2 25 179
Lower Charlesifreshwater ijul 51 64 34 98 73 76 386
Lower Charlesifreshwater jaug 7 6 4 5 g 11 39
Mystic R. freshwater |falliwinter 4B 68 19 59 8 50 250
Mystic R, freshwater jspring 22 12 7 80 0 5] 127
Mystic R. freshwater !jul 21 0 21 20 16 11 89
Mystic R. freshwater laug 56 133 16 38 - 86 46 375
Nepon. Head. !freshwater ifalliwinter 10 1 14 0 8 2 35
Nepon. Head. ifreshwater ispring 0 8 2 3 0 6 . 19
Nepon. Head. ifreshwater ijul 2 15 4 21 8 16 66
Nepon. Head. ifreshwater 1aug 4 16 4 3 2 12 41
Neponset R. !high falliwinter 11 9 40 B 22 14 102
Neponset R, ihigh spring 0 .16 -7 16 3 24 66
Neponset R. ihigh jul 12 45 1. 56 11 43 178 .
Neponset R. thigh aug 21 53 5 14 3 22 118
Neponset R. llow fall/winter 24 10 38 30 25 25 152
Neponset R. }low spring 1 29 8 10 4 32 84
Neponset R. ilow jui 3 49 10 67 50 50 228
Neponset R. ilow aug 3 52 15 15 6 57 148
Dorch. Bay  thigh falliwinter 11 0 24 0 23 1 59
Dorch. Bay  thigh spring g 20 25 13 17 13 97
Dorch. Bay  thugh jul - 19 37 18 61 39 43 217
Dorch. Bay  thigh aug 26 45 8 19 4 22 124
Dorch. Bay |low fallywinter 20 2 38 t] 35 2 97
Dorch. Bay ilow spring 19 27 25 8 13 28 120
Dorch. Bay  llow jul - 8 57 21 71 78 48 281
Dorch. Bay llow aug 3 51 15 7 11 40 127
Inner Harbor  {high falliwinter 52 43 46 31 49 30 251
inner Harbor | high spring 30 53 48 70 17 24 242
Inner Harbor {high jul 54 48 14 79 25 41 261
Inner Harbor  thigh aug 81 64 41 24 117 31 338
inner Harbor tlow fallhwinter| 34 39 33 46 54 32 238
{inner Harbor ilow spring 50 - 39 32 91 5 32 249
Jinner Harbor ilow jul 16 51 23 79 15 82 268
inner Harbor _tlow aug 59 62 27 15 73 30 266
Quter Harbor 'high falliwinter 49 10 9 9 22 5 104
Outer Harbor thigh spring 2 20 15 11 2 7 57
Outer Harbor thigh jul 6 42 2 38 2 29 119
QOuter Harbor {high aug 37 g8 21 83 55 105 389
OQuter Harbor 1low falliwinter 42 0 27 0 17 ¢ 86
Quter Harbor low spring -4 19 23 21 0 17 84
Outer Harbor tlow jul 23 52 3 45 9 32 165
Quter Harbor !low aug 36 104 34 58 68 95 395
Total number of Enterococcus sampies: 8272
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Enterococcus
Scheme C
Cell Average Values (Blocks with Insufficient Data Removed)
[ RANDOMIZED BLOCKS ~ TREATMENTS
Geographici  Tidal RMS=0in 0in<RMS<.25in RMS > .25 in
Region__:Condition: Season 89-91 92-95 89-91 9285 8991 92-95 |
Upper Charles{freshwater !falliwinter [ 5.83 5.81 £.14 5.97 7.16 6.76
Upper Chares{freshwater ispring 4.62 462 4.73 4.93 5.95 5.37
Upper Charles{freshwater }jul 4.58 4.38 4.03 5.33 6.53 562
Lower Charlesifreshwater Hallwinter|] 4.62 -| 6.94 4.84 5.87 6.1 6.67
Lower Charlesifreshwater {spring 226 3.13 2.29 3.28 3.69 4.2
Lower Charlesifreshwater ijul 2.97 2.79 3.15 3.27 4.56 4.1
Lower Charles! freshwater !aug 3.33 2.4 2.73 2.94 5.14 3.15
Mystic R. freshwater ifalliwinter| 3.86 35 5.82 4.14 8 4.36
Mystic R. freshwater ispring 3.62 36 3.99 412 5.27 5.57
Mystic R. freshwater tjuf 3.72 3.8 3.8 3.5 4.28 6.33
Mystic R. freshwater iaug 3.84 3.84 3.53 3.45 4.81 5.27
Nepon, Head. [freshwater }falliwinter] 5.94 6.91 5.06 6.41 7-81 6.99
Nepen. Head. !reshwater {jul 6.98 5.33 5.85 5.5 7.87 6.83-
Nepon. Head. ifreshwater iaug 6.5 5.94 6.48 6.49 10.23 6.42
Neponset R. ihigh falliwinter| 4.23 3.58 4.56 5.92 5.16 5.54
Neponset R. ihigh spring 4.36 3.39 4.62 3.66 7.44 5.17
Neponset R. lhigh - jul 3.3 3.28 2.81 3.61 4.25 5.36
Neponset R. thigh aug 3.12 424 3.31 4.1 6.97 5.56
Nepcnset R. ilow faliwinter] 3.47 5.35 3.44 3.67 5.17 5.45
Neponset R. ilow spring 2.4 2.7 3.76 529 578 4.67
NeponsetR. llow jul 2.97 3.06 3.5 3.15 4,96 4.33
Neponset R. ilow ayg 597 | 4.89 4.54 2.94 8.37 5.98
Dorch. Bay  ihigh spring 1.02 1.5 1.4 1.75 1.66 2.25
Dorch, Bay  thugh jul 1.81 1.41 1.66 1.98 1.98 3.14
Dorch. Bay 1high aug 2.13 2.74 2.85 2.77 2.43 326
Dorch. Bay !low falliwinter] 2.64 2.42 2,52 248 4.43 2.09
Dorch. Bay !low spring 1.26 1.52 1.58 1.14 3.04 2.03
Dorch. Bay ilow jui 0.92 1.79 1.34 1.98 1.97 2.67
Dorch. Bay ilow aug 4.29 2.66 2.01 2.58 5.46 3.49
Inner Harber ™ ihigh falfwinter| 3.49 2.36 4.05 2.84 5.24 262 .
Inner Harbor thigh spring 1.74 2.84 224 2.97 2.36 3.99
Inner Harbor 1high jul 1.73 2.3 1.76 3.14 2.86 3.89
Inner Harbor thigh aug 3.14 2.68 3.39 2.68 3.68 4.03
Inner Harbor jlow falliwinter{ 3.84 3.31 4,69 2,96 598 ie2
Inner Harbor flow spring 1.93 2.41 2.49 2.98 1.68 3.76
inner Harbor ilow jul 1.97 [. 2.58 2.96 3.3 2.91 3.99
Inner Harbor ilow aug 3.43 2.41 2.51 2.41 3.55 3.66
Quter Harbor high falllwinter| 3.19 1.33 4.01 1.22 4.41 1.09
Quter Harbor thigh spring 1.35 1.38 1.8 1.58 1.36 3.67
Quter Harbor }high jul 1.69 1.91 1.15 1.71 0.92 1.92
" 10uter Harbor {high - laug 1.56 1.62 1.76 1.56 2.11 2.07
_[Outer Harbor itow spring 1.57 1.84 1.62 2.03. 3.05 2.74
10uter Harbor {low jul 1.09 1.73 1.5 1.93 1.63 2.67
QOuter Harbor ilow aug 1.94 1.84 1.62 1.86 1.96 2.06
sum| 140.03 14007 | 144.69 147.45 | 200.15 184.51
mean| 3.18 3.18 3.29 3.35 4.55 419
untransformed meany 23 23 26 28 94 65
% reduction 0.0% T.7% 30.9%
overall mean 38 35
overall % reduction 7.9%

Highlighted cells denote estimated values

REPORTAPY7. XLSIEN Scheme C
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Enterococcus
Scheme C
Factorial ANOVA with Randomized Blocks

ANOVA Multipliers ‘
RMS =0in 0in<RMS <.25in RMS > .25in Factorial | Treatment| time rain interaction Correclion: C=  3468.4
89-91 92-96 89-91 92-96 89-91 92-96 | Effect Total 88 S8 38 S8 Total 8S= 1500.99
time -1 1 -1 1 -1 1 -12.84 0.62 0.62 Blocks 88 = 575472
rain/no rain -2 -2 1 1 1 1 116.60 25.75 2575 Error 88 = 84B.27
interactionf 2 2 -1 1 -1 1 -12.96 0.32 - 0.32
high rainflow rain 0 0 -4 -1 1 1 92.52 48.64 4B.64 ‘
interaction 0 0 1 -1 -1 1 -18.40 1.92 1.92
' ‘ 77.25 0.62 74.39 2.24
Squares of ANOVA Multipliers stim divisor for S8
time 1 1 1 1 1 1 6 © 264
rain/no rain 4 4 1 1 1 1 12 ‘528
interaction 4 4 1 1 1 1 12 528
high rainflow rain ¢ 0 1 1 1 1 4 178
interaction 0 0 1 1 1 1 4 176
ANOVA Results
Source of Variation DoF . 8§ MS F
freat= 6 Blocks 43 575.47 13.38 24,15
#blocks= 44 Treatments 5 77.25 15.45 27.88
Heells= 264 Time 1 0.62 0.62 1.13
#zeros= 12 Rainfall 2 74.39 37.19 67.11
avg of recip= 0.1326 Rain/no rain 1 25.75|. 2576 46.46
high/low rain 1 48.64| 48.64| 87.75
Error 203 848.27 0.55
Total 251| _ 1500.99
REPORTAPS7.XLSIEN Scheme C - 4501-007-29P
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RESULTS FOR A RANDOMLY SAMPLED FACTORIAL ANOVA
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Fecal Coliform

Random Sampling
Distribution of Samples over Treatments and Blocks

[T RANDOM — TREATMENTS Total #
REPLICATES Random Rain Random Rain Random Rain | samples
89-91 92-96 89-91 92-96 | 89-91 92-96 | in block
1 30 30 30 30 30 30 180
2 30 30 30 30 30 30 180
3 30 30 30 30 30 30 180
4 30 30 30 30 . 30 30 180
5 30 30 30 30 30 30 180
. 8. 20 30 30 30 30 30 180
7 30 30 30 30 30 30 180
38 30 30 30 30 30 30 180
9 30 30 30 30 30 30 180
10 30 30 30 . 30 30 30 180 -
11 30 30 30 30 30 30 180
12 30 30 30 30 30 30 180
13 30 30 30 30 30 30 180
14 30 30 - 30 30 30 30 180
15 30 30 30 30 30 30 180
16 30 30 30 "30 30 30 180
17 30 ~ 30 30 30 30 30 180
18 30 30 30 30 30 30 180
19 30 30 30 30 30 30 180
20 30 30 30 30 30 30 180
21 30 30 30 30 30 30 180
22 30 30 30 30 30 30 180
23 30 30 30 30 30 30 180
24 30 30 30 30 30 30 180
25 30 30 - 30 30 30 30 180
26 30 -~ 30 30 30 30 |° 30 180
27 30 30 30 30 30 30 180
28 30 30 30 30 30 30 - 180
29 30 30 30 30 30 30 180
30 30 30 30 30 30 30 180
Total number of fecal coliform samples: 5400

REPORTAPI97 XLSIFC Random
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Fecal Coliform
Random Sampling

Cell Average Values

RANDOM TREATMENTS

REPLICATES Random Rain Random Rain Random Rain
- 89-91 92-96 89-91 | 92-96 89-91 92-86

1 457 | 466 481 4.26 5.43 4.93

2 547 428 4.9 3.28 5.03 417

3 5.05 3.84 5.00 436 4.31 4.05

4 429 4,02 4.96 4.06 4.32 4.01

5 4.93 4.64 5.66 423 5.09 512

6 470 3.88 492 3.61 5.79 4.43

7 4.47 4.05 4.96 3.87 477 4.93

8 4.60 4,48 4.96 4.58 4,78 4.19

9 5.30 4,56 4 .59 4.70 564 418

10 5.46 4.75 4.80 4.21 - 5.27 403

11 -5.43 426 5.20 4.37 5.00 4.46

12 522 3.37 4.25 3.39 4.30 4,32

13 5.00 3.86 4.27 4.67. 4,65 473

14 5.03 3.42 4,61 4,54 4.36 4.60

15 4.64 3.56 4.82 5.31 4.62 . 4.32

16 4.55 447 5.26 4.37 4.97 3.97

17 452 3.64 4.85 4.84 470 3.75

18 4.62 4.50 5.16 5.40 4.69 4.55

19 4.93 4.18 4.51 412 511 427

20 4,62 4.20 4.71 3.85 5.16 "4.39

21 4.83 4.23 5.48 468 - 442 4,30

22 5.14 5.04 4.50 4,98 5.2 4.02

23 5.40 4.57 543 485 519 3.96

24 5.05 5.41 4.45 3.78 5.69 4.44

25 4.77 470 4.80 4.15. 4.52 3.82

28 4.84 4,95 4.39 4,25 4.82 5.10

27 5.42 473 4.07 4.00. 437 474

28 3.85 4.24 4.50 3.92 4.89 415

29 5.03 3.83 5.50 448 4.92 476

30 5.12 4.02 5.54 5.02 4.99 3.74

sum] 146.85 128.35 | 145.87 13013 | 147.72 129.73 |
mean] 4.90 4.28 4.86 434 4.92 4.32
untransformed mean{ 133 71 128 76 137 75
% reduction 46.4% 41.1% 45.4%
overall mean{ 133 74
overall % reduction] = 44.4%
B-2

REPCRTAPS7. XLS!IFC Random
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Fecal Coliform
Random Sampling
Factorial ANOVA with Randomized Blocks

ANGCVA Multipliers

RMS = 0in 0in <RMS <.251n) RMS >.251n Factorial ?reatmer}t time rain | interaction Correction: C = 3814.78
89-91 92.96 89-91 92-96 89-91 92-96 | Effect Total §S 8S 8S . 8S Tolal 88 = 49.05
time -1 1 -1 1 -1 -1 -52.23 15.16| 15.16 Blocks 38 = 7.11214
rain/noraing -2 -2 1 1 1 1 3.08 0.026 0.026 Error 8§ = 26.66
interaction 2 -2 -1 1 -1 1 3.27 0.030 0.030
high rain/low rain 0 0 -1 -1 1 1 1.45 0.018 0.018
interaction 0 0 1 -1 -1 1 -2.25 0.042 0.042
16.27 15.16 0.043 0,072
Squares of ANOVA Multipliers sum divisor for S8
time 1 1 1 1 1 1 6 180
rainino rain} 4 4 1 1 1 1 12 360
interaction 4 4 1 1 1 1 12 360
high rainflow rain 0 0 1 1 1 1 4 120
interaction‘ 0 o 1 1 1 1 4 120
ANOVA Results
Source of Variation | DoOF S8 MS F
fireal= 6 Blocks 29 7.11 0.25 1.3
#blocks= 30 Treatments 5 15.27 3.05 16.61
#cells= 180 Time 1 15.16 15.16 82.42
#zeros= 0 Rainfall 2 0.04 0.02 0.12
Rain/mo rain 1 0.03 0.03 0.14
high/low rain 1 0.02 0.02 0.10
Error 145 26.686 0.18
Total 179 49,06

REPQRTAPS? XLSIFC Random
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Fecal Coliform
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Cell Average Values {Zero Blocks Removed)

i

-#lreal 2

Correction: C = 1088.87

#blocks 3 Total SS = 315.05
#cells 62 Biocks 8S = 163.86
#zeros 0 Trealment SS = 1.12
avg of recip 0.076 Error §§ = 150.07

ANOVA Results
Source of Variation DoF ss MS F
Blocks 30 163.86 5.46 14.35
Time Treatments 1 1.12 1.12 2.95
Error 30 150.07 0.38
Total 61 315.05

F-Dist. at] 1,30 DoF | 30,30 DoF
25% 1.38 1.28
10% 2,88 1.61
5% 4.7 1.84

Scheme A RANDOMIZED BLOCKS TREATMENTS
RMS = 0.in Geographic | Tidal
Region |Condition! Season | 89-91 92-86
uppercha ifresh  imaygjun 7.85 6.29
upper cha fresh jul-aug 6.60 6.14
lower cha fresh sep-apr 5.81 7.06
lower cha fresh may-jun 5.88 4,72
lower cha fresh jut-aug 5.43 4.28
mystic fresh sep-apr 5.48 5.83
mystic fresh may-jun 4.19 4.51
myslic fresh jul-aug 4.69 488
nepon head Ifresh sep-apr 6.72 6.16
nepon head |fresh jul-aug 7.29 6.92
nepanset high sep-apr 4.42 2.97
neponset high jut-aug 4.35 5.01
Ineponset low sep-apr 4,94 5.27
neponset low may-jun . 378 4.38
neponset low jul-aug 5.95 5.61
dorchester  thigh may-jun 1.54 210
dorchester  thigh jut-aug 2.16 2.33
dorchester {low sep-apr 4.55 4.28]
dorchester  ilow may-jun 1.87 243
dorchester  {low jul-aug 4.38 2.36
inner harb  {high sep-apr 4.82 3.67
inner harb high may-jun 3.51 . 349
inner harb high jul-aug. 4.07 4.15
inner harb fow sep-apr 5.03 5.15
inner harb low may-jun . 3.68 2.88
linner harb low jul-aug 4.20 4.12
outer harb high sep-apr 272 1.33
louter harb high may-jun 1.35 1.51
outer harb high jul-aug 1.60 1.93
outer harb  jlow may-jun 3.30 1.98
outer harb low jul-aug 1.86 2.01
sum| 134.08 12574
mean] 4.33 4,06 -
untransformed mean 75 57
% reduction 23.9%

REPORTAPCS7.XLSIFCA Rain1
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Fecal Coliform

Scheme A

0in<RMS <.25in

2D

Cell Average Values (Zero Blocks Removed)

REPORTAPCY7 XLSIFCA Rain2

RANDOMIZED BLOCKS TREATMENTS
Geographic Tidal
Region Conditlon] Season 89-91 92-96
upper cha fresh sep-apr 7.06 5.71
uppercha . ifresh may-jun 6.96 6.34 #lreat 2 Correction: C = 1319.65
upper cha fresh ful-aug 6.10 6.92 #blocks az Total 88 = 339.95
lower cha fresh sep-apr 6.14 6.04 #cells 64 Blocks S5 = 148.82
tower cha fresh may-jun 5.60 4.53] - #zeros "0 Treatment 5§ = 6.64
lower cha fresh julaug 5.13 4.86 avg of recip 0.069 Emor §§ = 184.49
mystic fresh sep-apr 6.25 6.45
mystic fresh may-jun 463 4.89 ANOVA Resuits
mystic fresh jul-aug 488 3.98 Source of Varialion DoF 88 MS F
"[nepon head |fresh may-jun 7.37 6.25 Blocks 3 148.82 4.80 11.70
nepon head |fresh jul-aug 777 6.93 Time Treatments 1 6.64 6.64] 16.19
neponset high sep-apr 5.38 4.32 |Error ' i 184,49 0.41
neponset high may-jun 6.80] 3.90 Total 63 338.95
neponset high jul-aug 4.92 4.81 .
neponset low sep-apr 4.81 4.40
neponset low may-jun 580 5.75 F-Dist. at| 1,31 DoF | 31,31 DoF
neponset low jul-aug 5.63 4.58 25% 1.37 1.28
dorchester  1high may-jun 1.68 2.34 “10% 2.87 1.61
dorchester  thigh “jul-aug 2.96 27 5% 4.18 1.83
dorchester  {low may-jun 2.81 1.80}
dorchester  |low jul-aug 2,687 2.15
inner harb high sep-apr 4,29 3.88
inner harb high may-jun 4,66 3.83
inner harb high jul-aug 4.68 4.57
inner harb low sep-apr 4.85 4.77
inner harb low may-jun 452 3.99
inner hatb low jul-aug 5.48 4.33
_Jouter harb high sep-apr 472 232
outer harb high may-jun 2.63 1.42
outer harb high jul-aug 4.53 175
outer harb low may-jun 1.81 2.59
outer harb low jul-aug 2.01 1.89
sum|] 155.62 135.00
mean| 4.B6 4.22
untransformed mean] 128 67
% reduction 47.9%
4501-007-29P
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Fecal Coliform  Cefl Average Values (Zero Blocks Removed)

Scheme A . RANDOMIZED BLOCKS TREATMENTS
RMS > 0.25 in Geographic | Tidat ' -
Region iCondition! Season | 88-91 | 92-36 ‘
upper cha fresh may-jun 7.24 6.37
upper cha fresh jul-aug 7.41 6.94 -#lreal 2 Correction: C = 1737.14
lower cha fresh sep-apr 6.69 6.40 #blocks 31 : Total 88 = 400.15
lower cha fresh may-jun 6.44 5.37 #cells 62 Blocks S5 =" 152,20
lower cha fresh jul-aug 6.52 5.68 #zeros of Treatment §S = 4.34
mystic fresh sep-apr . B.12 662 - avgofrecip 0.092 Error SS = 243.61
mystic fresh jul-aug 6.21] . 6.60 _ ‘
nepon head lfresh sep-apr 7.54 7.77 . ANOVA Results
nepon head ifresh julaug © 8.07 7.63 Source of Variation DoF ss MS F
neponset high sep-apr 5.96 594 Blocks 30 152,20 5.07 6.82
neponset high may-jun 8.15 545 {Time Treatments 1 4.34 4.34 5.83
neponset high jul-aug 5.92 6.86 Error 30 243,61 074|
wneponsel low sep-apr 6.17 5.58 Total 61 400.15
neponset low may-jun 6.89 517
neponset low jul-aug 6.43 6.59
dorchester  1high sep-apr 4,84 1.79 F-Dist. at| 1,30 DoF | 30,30 DoF
dorchester  jhigh may-fun 295 3.00 25% 1.38 1.28
dorchester  ihigh jul-aug 348 3.73 10% 2.88 1.61
dorchester  ilow sep-apr 6.34 4.34 5% 417 1.84
dorchester  }low may-jun 4.25| - 2.70L
dorchester  jlow jul-aug 3.57 3.64
inner harb  {high sep-apr £.26 4.58
inner harb  {high may-jun 3.62 4,32
inner harb high jul-aug 5.99 5.75
inner harb low sep-apr 6.35 482
inner harb  {low may-jun 3.17 4.90r
Jinnerharb  llow jul-aug 5.44 5.48
fouter harb  ihigh sep-apr 3,62 2.07
outer harb  thigh may-jun 3.09 4.71
outer harb  fhigh jul-aug 2.92 2.44
outer harb low jul-aug 2.65 268
sum] 172.29 155.88
mean|] 5.56 5.03
untransformed mean| 258 152
% reduction 41.3%

REPORTAPC97.XLSIFCA Rain3 - . ' - 4501-007-29P
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Fecal Coliform Cell Average Values (Zero Blocks Removed) .

Scheme B RANDOMIZED BLOCKS TREATMENTS
RMS =0 in | Geographic| Tidat
Region |!Condition! Season | 88-91 92-96
charles fresh sep-apr 6.11 7.06
charles fresh may-jun 6.50 5.39 #treal 2 Correction: C = 958.42
charles fresh jul-aug 5.90 5.14 #blocks 29 Total SS = 288.68
mystic fresh sep-apr - 548 5.83 #eells . 58 Blocks S5 = 144.43
mystic fresh may-jun . 419 451 4zeros 0 Treatment $§ = 0.64
mystic fresh . ljul-aug 4.69 4,88 avg of recip 0.072 Error S§ = 14360
nepon head ‘ fresh sep-apr 6.72 6.16 ; ‘
nepon head {fresh jul-aug 7.29 6.92 ANOVA Results
neponset high sep-apr 4.42 2,97 Source of Variation DoF s8 MsS F
neponset high jul-aug . 4.35 5.01 Blocks 28 144.43 5.16 12.73
neponset low sep-apr 4.94 5.27 Time Treatments 1 0.64 0.64 1.58
neponset low may-jun 3.78 4.38 Error 28 143.60 0.41
neponset low jul-aug 5.95 . 5.61 Total 57 288.68
dorchester ihigh may-jun - 1.54 210
dorchester  thigh jul-aug 2.16 2.33 : ,
dorchester ilow sep-apr 4.55 428 F-Dist. at| 1,28 DoF | 28,28 DoF
dorchester  llow may-jun 1.87 2.43 25% 1.38 1.29
dorchester  ilow jul-aug 438 236} 10% 285 1.64
inner harb high sep-apr 4.82 3.67 5% 4.20 1.89
inner harb high may-jun - 3.51 3.49
inner harb high jul-aug 4.07 4,15
inner harb low sep-apr 5.03 5.15
inner harb low imay-jun 3.68 2.88
inner harb low jul-aug 4,20 412
outer harb  lhigh sep-apr 272 1.33
outer harb high may-jun 1.35 1.51
outerharb  dhigh . ijul-aug 1.60 1,93
outer harb low may-jun 3.30 1.98
outer harb  ilow jul-aug 1.86 2.01
sum} 120.93 114.84
meanf 4.17 = 3.96
untransformed mean 64 51
% reduction 19.2%
REPORTAPC97 XLSIFCB Rain1 _ ' ‘ 4501-007-29P
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Fecal Coliform
Scheme B

0in<RMS <.25in
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Cell Average Values {Zero Blocks Removed)

#treat 2 Correction: C = 1116.97
#blocks ‘ 29 Total S8 = 313.67
dcells 58 Blocks 88 = 120.45
#zeros 0 Treatment 8S = 524
avg of racip - 0.055 Error 88 = 177.99
ANOVA Results
Source of Variation DoF S8 Ms F
Blocks 28| 12945 4.62 - 13.16
Time Treatments 1 6.24 6.24 17.76
Error 28 177.99 0.35 )
Total 57 313.67
F-Dist. at| 1,28 DoF | 28,28 DoF
25% 1.38 1.29
" 10% 2.88 1.64
5% 420 | 1.89

REPORTAPC97.XLSIFCB Rain2

RANDOMIZED BLOCkS | TREATMENTS
Geographic i Tidal ' ‘

Region [Condition! Season | 89.91 92.96
charles fresh sep-apr 6.48 5.99
charles fresh may-jun 6.08 5.33
charles fresh jul-aug 5.80 5.83
mystic fresh sep-apr 6.25 6.45
mystic fresh may-jun 463 4.89
mystic fresh jul-aug 4.86 3.08
nepon head }fresh may-jun 7.37 6.25
nepon head }fresh jul-aug 7.97 6.93
neponset high sep-apr 5.38 4,32
neponset high may-jun 6.80 3.90
neponsel high jul-aug 492 4.81
neponset low sep-apr 4.81 4.40
neponset low imay-jun 5.80 5.75
neponset - llow jul-aug 5.63 4.58
dorchester  jhigh may-jun - 1,98 2.34
dorchester  ihigh jul-aug 2.96 2.7
dorchester jlow may-jun 2.61 1.80
dorchester ilow Jul-aug 2.67 215
inner harb high sep-apr 4.29 3.88
inner harb high may-jun 4.66 3.83
inner harb high jul-aug 4.68 457
finner harb low sep-apr 485 477
innerharb  tlow may-jun 4.52 3.99
inner harb low Jjul-aug 5.48 4.33
outer harb  {high sep-apr 4.72 232
outer harb high may-jun 283 1.42
outer harb high jul-aug 4.53 1.756
outer harb  ilow may-jun 1.81 2.59
outer harb low jul-aug 2.01 1.89

sum} 136.77 117.76
mean| 4.72 4.06
untransformed mean] 111 57
% reduction " 48.5%

4501-007-29P
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Fecal Coliform
Scheme B
RMS >0.25in

Cell Average Values (Zero Blocks Removed)

REPORTAPCY97 XLSIFCB Rain3

"

RANDOMIZED BLOCKS TREATMENTS

Geographic Tidal

Region !Condition! Season | 89-91 92-96
charles fresh sep-apr 6.97 6.40 i
charles fresh may-jun 6.68 5.81 #reat 2 Correction: C = 1575.33
charles fresh jul-aug 6.93 6.36 - J#blocks 29| Total S5 = 381.75
myslic fresh sep-apr 8.12| 6.62 #cells 58 Blocks §5 = 144,32
mystic fresh jul-aug 6.21 6.60 #zeros - 0 Treatment 85 = 3.82
nepon head ifresh sep-apr 7.54 1.77 avg of recip 0.095 Etror $S = 233.61
nepon head ifresh jul-aug 8.07 7.63 )
neponset  thigh sep-apr 5.96 5.91 ANOVA Results
neponset  {high may-jun 8.15 5.45 Source of Variation DoF 55 MS F
neponset high jul-aug 5.92 6.86 Blocks 28] 144.32 5.15 6.52
neponset low sep-apr 6.17 5.58 Time Treatments 1 382 182 484
neponset low may-jun 6.89 517 Errof 28 233.61 0.79
neponset low jul-aug 6.43 6.59 Total 57 381.75
dorchester  thigh sep-apr 4.84 1.79
dorchester  |high may-jun 2.95 3.00 .
dorchester ~ thigh jul-aug 3.48 3.73 F-Dist. at| 1,28 DoF ] 28,28 DoF
dorchester {low sep-apr 6.34 4.34 25% 1.38 1.29
dorchester ilow - imay-jun 4.25 270 10% 2.89 1.64
dorchester ifow jul-aug 3.57 3.64 5% 4.20 1.89
inner harb  thigh sep-apr 6.26 4.58
inner harb high may-jun 3.62 4,32
inner harb  thigh jul-aug 5.99 5.75
inner harb low sep-apr 6.35 4.82
inner harb low may-jun 317 4.90
inner harb tow jul-aug 5.44 5.48
outer harb high sep-apr 3.62 2.07
outer harb high may-jun 3.00 4.71
outer harb  thigh jul-aug 2.92 2.44
outer harb  jlow * 1jul-aug 2.65 2.68

sum| 158.58 143.69
mean] 5.47 - 4,95
untransformed mean| 236 141
% reduction 40.3%
4501-007-29P
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Fecal Coliform-
Scheme C-
RMS =0in

REPORTAPCY7 XLSIFCC Rain1
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Cell Average Valuaes (Zero Blocks Removed)

RANDOMIZED BLOCKS TREATMENTS
Geographle Tidal ]
Region | Conditlon] Season | 88-91 92-96
upper cha fresh may-jun . 7.88 6.29
iupper cha fresh Jul 6.60 6.18
lower cha lrash sep-apr 5.81 7.06
lower cha frash may-jun 5.98 4,72
lower cha fresh jul 6.51 4.37
lower cha fresh aug 4,88 .49
myslic fresh sep-apr 5.48 £.83
{mystic fresh may-jun 4,19 4.51
mystic frash aug 4,88 4.88
nepon head fresh sep-apf 672 8.16
nepon head frash il 7.37 6.83
nepon head fresh aug 7.25 6.99
neponset high sep-apr 4.42 297
neponsat high jul 4.51 433
{neponset high aug 4,26 5.55
neponset low sep-apr 4.94 527
neponssat low may-jun 3.78 4.38
neponset low jul 5.06 4.20
neponset low aug 6.85 6.88
darchester high may-jun 1,54 2,10,
dorchaster hugh jul 1.80 1.62
dorchester high aug 242 2.90
dorchaster low sap-apr 4.55 4.28
dorchester low may-Jun 1.87 2.43
dorchestar low ju 2.84 2.00§
dorchester low aug 7.46 272
innar harb high sep-apr 4.82 167
high may-jun .51 3.49
high jul 3.85 3.82
high aug 4.25 4.39
low sep-apr 5.03 5.15
low may-jun lea 2.88
low jul .85 4.09
Inner harb low ° aug 4,30 4.14
outer harb high sep-apr 272 1.33
ouler harb high may-jun 1.35 1.51
outer harb high Jul 1.53 273
outer harb high aug 1.61 1.59
outer harb low may-jun 3.30 1.98
outer harb low Jul 1.58 233
outer harb low aug 2.03 1.85
sum| 176.20 163.91
mean| 4.30 400
untransformed mean] 73 53
% raduction 26.3%

S T Ay R T R T L
[Firest Z Corraction: C = 1410.63
#blocks 41 Tolal 58 = 438.41
Heolls 82 Blocks 85 = 22813
H2eros 0 Trealment 85 = 1.84
avg of recip 0.089 Efror SS = 208.44
ANOVA Results
[Sourca of Variation DoF EE] M3 F
Blocks 40 228.13 570 12.31
Time Trealments 1 1,84 1.84 J.08
|Error 40 208.44 0.46 I
[Totsl 81| 438.41 ’
F-Dist. ail 1,40 DofF | 40,40 DoF
25% 1.36 1.24
10% 2.84 1.51
6% 408 1.69

4501-007-29P
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Fecal Coliform
Scheme C

REPORTAPC97.XLSIFCC Raln2

Cell Average Values (Zero Blocks Removed)

RANDOMIZED BLOCKS TREATMENTS
0in <RMS <.25in | Geographic| Tidal
Region |Condition} Season | 89-91 92-96
upper cha fresh sep-apr 706 571
upper cha fresh may-jun 8.98 6.34 Hireat 2 Correclion: C = 1745.94
upper cha fresh Jul ' 8.1 8.97 #blocks 44 Tolal 8§ = 482,49
upper cha frash aug 5.74 8.28 Healls . 88 Blocks S5 = 218.57
lawer cha fresh sep-apr 814 6,04 Azeros 1] Trealmenl 55 = 7.40
lowar cha fresh may-jun 560 4.53 avg of reclp 0.102 Error §5 = 256 .52
tower cha fresh Jul 6.13 4.89
lower cha fresh aug 5.16 426} ANOVA Results
myslic frash sep-apr 8.25 8.45 [Source of Varialion DoF 88 MS F
myslic frosh " imay-jun 463 4.89 IBlocks 43 218,57 5.08 8,38
myslic frash jul 4.53 349 |Time Treatmenis 1 740 740 1221
mystic fresh aug 5.29 425 [emor 43| 256852 061
nepon head fresh may-Jun 737 6.25 [Total BT 482.40
nepon head fresh Jul 7.05 " 6,881
nepon head Iresh aup 849 7.32
nepansel high sep-apr 538 432 F-Disl. at] 1,43 DoF ] 43,43 DoF
neponset high may-jun 8.80 3.80 25% 1.36 1.24
neponset high Jul 5.08 4.60 10% 2,83 1.61
napensel high aup 462 587 5% 407 1,69
neponset low sep-apr 4.81 4.40
neponset low may-jun 5.80 575
neponsal low jul an 4.85
neponsal low aug 557 4.29
dorchester high may-jun 1.88 234
fdorchaster hugh Jul © 235 2.49
dorchealer high aug 4.34 342
darchester low may-jun 2.61 1.80
dorchester low jul 215 214
darchester low aug 39 223
inner harb high sep-apr 420 3.88
inner harb high may-jun 466 383
inner harb high jul 3.90 4.81)
Inner harb high aug 4.95 a7
Inner harb low sap-apr 485 477
Inner harb low - may-jun 4,52 308
Inner harb low Jul 5.05 4.54
Inner harb low aug 5.84 3.
outer harh high sap-apr 472 2.32
ouler harb high may-jun 263 1.42
outer harb high Jul 0.92 2.06
outer harb high aug | 4.87 1.60
ouler harb low may-jun 1.81 259
outer harh low jul 1.58 2.5
ouler harb low I,aug 205 1.54
sum] 208.75 183.23
mean] 4.74 4,16
untransformed mean| 114 - 63
% reduction 44.4%
4501-007-29P
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Fecal Coliform
Scheme C
RMS > 0.25 in

REPORTAPCS7 XLSIFCC Rain3

QU Lo o Lo

Cell Average Values (Zero Blocks Removed)

RANDOMIZED BLOCKS TREATMENTS
Geographic 1  Tidal ‘

Reglon !Conditlon} Season | 89-91 92-96
upper cha fresh may-jun 7.24 6.37
upper cha fresh Jul 741 6.74
lower cha fresh sep-apr 6.69 6.40
lower cha fresh may-jun c.44|” 5.37
lower cha fresh Jul 6.49 5.84
lower cha fresh aug 6.85 4.58
myslic fresh sep-apr g.12 £.62
myslic fresh jul 4,94 7.50
imyslic fresh aug 645 6.39
nepon head fresh sep-apr 7.54 n

Inepon head frash Jui 7.69 7.0
nepen head fresh aug 9.59 7.26]
, |neponset high sep-apr 5.88 591
neponsel high ay-jun 8.18 545
neponsel high jul 558 6.72
naponset high aug 7.142 7.13
neponset low sep-apr 6.17 5.68
neponset low may-Jun 6.89 517
neponsel low Jul 6.23 5.57
‘nepansel low aug 8.12 7.53
dorchester high sap-apr 4.64 1.79
dorchester high may-jun 2485 3.00
dorchester hugh Jul 3.35 3.80
dorchester high aufp 4.79 3.60
dorchester low sep-apr 6.34 4.34]
dorchesler low may-jun 425 270
dorchesler low Jul 3.10 3.32
dorchesler low aug 6.91 4,12
Inner harb high sep-apr 6.26 4,58
Inner harb high may-jun 3.62 4.32
Inner harb high Jul ' 5.60 5.80
Inner harb hlgh aug 5.07 5.67
innar harb low sep-apl 6.35 4.82
Inner harb low may-jun 317 4,80
innar harb low Jul 4.44 5.63
inner harb low aug 5.64 5.07
ouler harb high sep-apr 362 207
outer harb high may-jun 3.09 4.71
outer herb high iut 1.35 201
outer harb high aug - 2.97 2.56
outer harb low Jul 235 3.04
outer harb low aug 2.69 2.56
sum| 233.43 212.27
mean| 5.56 5.05
untransformed mean] 258 156
% reduction 39.7%

o

#reat 2 GCorrectlon: C = 2364.80
#blocks 42 " Tolal§S = 582.32
Hcells 84 Blocks §§ = 235.09
#zeros o]’ Treatment 5§ = 5.33
avg of reclp 0.103 : Error §S = 341,80
ANOVA Results
JSourca of Varlation DoF S5 M5 F
[Biocks 41| 23500 573 6.67
Time Trealmenls 1 533 5.33 8.19
Ermor 41 341.90 0.85
Total 83 582,32
F-Dist. atf 1,40 DoF .| 40,40 DoF
25% 1.36 1.24
10% 283 - 1.51
5% 4.08 1.89

4501-007-29P



0L-D

Enterococcus Cell Average Values (Zero Blocks Removed)

Scheme A RANDOMIZED BLOCKS TREATMENTS
RMS =0in Geographic | Tidal
Region Condition! Season | 89-91 92.96
upper cha  ifresh jul-aug 458 . 441
lower cha fresh sep-apr 462 6.94 . |#reat 2 Correction: C = 569.71
lower cha fresh may-jun 2.26 313 #hlocks .30 Total 85 = 231.72
lower cha fresh jul-aug .02 2.76 #eells 60 Blocks SS = 111.11
mystic fresh sep-apr 3.86 3.50 #zeros 0 Treatment SS = 0.15
mystic " ifresh may-jun 3.62 360 avg of recip 0.004 Error §S = 120.46
mystic fresh jul-aug 3.81 3.84 .
nepon head Ifresh sep-apr 5.94 6.91 ~ ANOVA Results
nepon head ifresh jul-aug 6.66 5.64 * |Source of Variation DoF S8 MS F
neponset high sep-apr 4.23 3.58 Blocks ' 29 111.1 3.83 9.84
neponset high jul-aug 319 3.80 Time Treatments 1 0.15 0.15 0.38
neponset low sep-apr |- 3.47 5.35 [Error ' 29 120.46 0.39
neponset low may-jun 2.40 2.70 Total ' 59 231,72
neponset low jul-aug . 447 4.01
dorchester  thigh may-jun 1.02 1.50 ,
dorchester. thigh jul-aug 2.00 214 F-Dist. at| 1,29 DoF | 29,29 DoF
dorchester  {low sep-apr 2.64| 242| 25% 1.38 1.29
dorchester ilow may-jun 1.26 1.52 10% 2.80 1.62
dorchester  llow jul-aug 2.04 2.20} 5% 4.18 1.88
inner harb  jhigh sep-apr 3.49 2.36 ‘
inner harb high may-jun 1.74 2.84
inner harb high < ljul-aug . 2.48 - 2.52
inner harb low sep-apr 3.84 3.3
inner harb low may-jun 1.93 2.44
inner harb  jlow jul-aug 3142 249
outer harb  ihigh sep-apr 3.18 1.33
outer harb  thigh may-jun 1.35 1.38
outer harb  high jul-aug 1.57| 1.71
outer harb low may-jun | 1.57 1.84
outer harb  ilow Jul-aug 1.61 1.81
sum] 90.95  93.93 '
mean] 3.03 3.13
untransformed mean] 20 22
% reduct’lon{ -11.0%
REPORTAPC97.XLSIENA Rain ‘ 4501-007-29P
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Enterococcus
Scheme A -
0in<RMS <.25in

[R———— Lo oo

Loooaed
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Cell Average Values (Zero Blocks Removed)

REPORTAPCS7 XLSIENA Rain2 -

. RANDOMIZED BLOCKS TREATMENTS
Geographic | Tidal
Region |Condition: Season | .89-91 92-96
upper cha fresh jul-aug 4.07 533
lower cha .  ifresh sep-apr 4.84 5.87
lowercha  ifresh may-jun 2.29 3.28
lower cha fresh jul-aug 3.10 3.25
mystic fresh sep-apr 5.82 414
mystic fresh may-jun 3.99 412
myslic fresh jul-aug- 3.69 3.50
nepon head ifresh may-jun 517 5.56
nepon head ifresh jut-aug 6.16 5.62
neponset high sep-apr 4.56 5.92
neponset high may-jun 4,62 3.661
neponset high  tjul-aug 297 a7
neponset low sep-apr 3.44 3.67
neponset low may-jun 3.76 5.29
neponset low jul-aug 412 3N
dorchester  ihigh may-jun 1.40 1.78
dorchester - Ihigh jul-aug 2.02 217
dorchester llow may-jun 1.58 1.14
dorchester ilow jul-aug 1.62 2.03
inner harb high sep-apr 4.06 2.84
inner harb high may-jun 2.24 297
inner harb high jul-aug . 2,98 3.03
inner harb low sep-apr 4,69 2.6
inner harh low may-jun 2.49 2.98
inner harb low jul-aug 272 3.16
outer harb high sep-apr 4.1 1.22
outer harb high may-jun 1.60 1.59
-Jouter harb high jul-aug 1.71 1.61
outer harb low - may-jun 1.62 2.03
outer harb  ilow jul-atg 1.61 1.89
sumy 98.94 99.38
mean] 3.30 3.31
untransformed mean 26 26
% reduction -1.5%

4501-007-29P

#treat 2 Coarrection: C = 655.53
#hlocks 30 Total S§ = 251.81
#ecells 60 Blocks SS = 98.87
#zeros 0 Treatment SS = 0.00
avg of recip 0.061 Error S8 = 152.93
ANOVA Results
Source of Variation DoF S8 MS F
[Blocks 29 98.87 3.41 10.60
Time Treatments 1 0.00 0.00 0.01
Error 29 152.93 0.32
Total 59 251.81
Total 59 231.72482
F-Dist. at] 1,29 DoF | 29,29 DoF
25% 1.38 1.29
10% 2.89 1.62
5% 4.18 1.86



Enterococcus

Scheme A

RMS > 0.25 in

Zi-2

Cell Average Values (Zero Blocks Removed)
RANDOMIZED BLOCKS TREATMENTS
Geographic Tidal

Region |Condition; Season | 89-91 92-96
upper cha fresh jul-aug 6.53 592
lower cha = tfresh sep-apr 6.11 6.67
lower cha fresh may-jun 3.69 4.20
lower cha fresh jul-aug 4.60 3,98
mystic fresh sep-apr 8.00 4.36
mystic fresh jul-aug 4.73 5.47
nepon head !fresh sep-apr 7.81 6.99
nepon head !fresh jul-aug 8.34 6.66
neponset high sep-apr 5.16 5.54
neponset high . may-jun 7.44 5.17
neponset high jul-aug 4.83 5.43
Ineponset - jiow sep-apr 5.17 5.45
neponset low may-jun 5.76 4.67
neponset low jul-aug - 533 521
dorchester  lhigh sep-apr 3.39 1.79
dorchester  thigh may-jun 1.66 2.25
dorchester thigh . ljul-aug 2.02 3.18
dorchester llow sep-apr 4.43 2.09
dorchester  low may-jun 3.04 12,03
dorchester  jlow jul-aug 2.40 3.04
inner harb high sep-apr 524 262
inner harb high may-jun 2.36 3.99
inner harb  thigh jul-aug 3.54 4.01
inner harb low sep-apr 5.98 382
inner harb low may-jun 1.68 3.76
inner harb low jul-aug 3.44 3.90
outer harb high sep-apr 4.41 1.09
outer harb high may-jun 1.35 3.67
|outer harb  {high jul-aug 2.07 2.04
outer harb  1low jul-aug 1.92 2.21

sum| 132.44 121.04
mean| 4.41 4.03
untransformed meanf 82 56
% reduction 32.0%

REPORTAPCS7 XLSIENA Rain3

F

!

{#reat _ 2 Correction: C=  1070.86
#blocks 30 Total 5§ = 419.39
#eells 60 Blocks S5 = 158.19
Hreros 0 Treatment S8 = 217
avg of recip 0.101 Error 85 = 259.03
ANOVA Results
Source of Variation DoF 88 MS F
Blocks 29 158.19 5.45 _6.06
|Time Treatments 1 217 217 2.41
Error 29 259.03 0.90
Total 58 419.39
“F-Dist, al] 1,29 DoF ] 20,09 DoF
25% 1.38 1.29
10% 2.89 1.62
5% 418 1.86
4501-007-29P
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EL-2

Enterococcus
Scheme B
RMS=0in

Cell Average Values (Zero Blocks Removed)

RANDOMIZED BLOCKS I TREATMENTS -
Geographic Tidal
Region Condition] Season | 89-91 92-96
charles fresh sep-apr 5.08 6.94
charles lfresh may-jun 2.26 3.79
charles - fresh jul-aug 3.64 3.52
mystic fresh sep-apr 3.86 350
mystic fresh may-jun 362 3.60
mystic fresh jul-aug 3.81 3.84
nepon head }fresh sep-apr 594 6.91
nepon head tfresh jul-aug 6.66 5.64
neponset high sep-apr 423 3.58
neponset high jul-aug 319 3.80
neponset low sep-apr . 347 5.35
neponset low may-jun 2.40 2,70
neponset fow jul-aug 4.47 4.01
dorchester  thigh may-jun 1.02 1.50{
dorchester  {high jul-aug 2.00 2.14
dorchester ilow sep-apr 2.64 242
dorchester  llow may-jun 1.26 1.52
dorchester {low jul-aug 2.04 2.20
inner harb high sep-apr 3.49 2.36
inner harb high may-jun 1.74 2.84
inner harb high jul-aug 2.48 2.52
inner harb low sep-apr 3.84 KR
innerharb  tow  Imay-jun 1.93 2.41
inner harb low jul-aug 312 2.49
outer harb high sep-apr 3.19 1.33
outer harb high may-jun 1.35 1.38
outer harb high jul-aug 1.57 1.71
outer harb  llow may-jun 1.57 1.84
outer harb low jul-aug 1.61 1.81
sum] B7.45 90.95
mean| 3.02 314
untransformed meanI 19 22 »
% reduction -13.4%

REFORTAPCY7.XLSIENB Rain1

#ireal 2 Correction: C = 548.73
#blocks 29 Total 58 = 227.24
#cells 58 Blocks 5 = 109.80
#zeros 0 Treatment SS = 0.21
avg of recip 0.096 Error SS = 117.23
ANOVA Results
Source of Variation DoF 88 MS F
Blocks 28 109.80 3.92 0.77
Time Trealments 1 0.24 0.21 0.52
Error 28 117.23 0.40
Total 57 227.24
F-Dist. at} 1,28 DoF | 28,28 DoF
25% - 1.38 1.29
10% 2.89 1.64
5% 4.20 1.89°

4501-007-29P



Enterococcus
Scheme B _
0in<RMS<.25in.

rl-2

Cell Average Values (Zero Blocks Removed)

‘REPORTAPCY7.XLSIENB Rain2

- = 1

RANDOMIZED BLOCKS TREATMENTS
Geographic | Tidal
Reglon iCondition| Season [ 89-91 92-96
charles fresh sep-apr 5.32 5.87
charles fresh may-jun 2,29 4.04
charles fresh jul-aug 3.57 4.24
mystic fresh sep-apr 5.82 414
mystic fresh may-jun 3.99 412
mystic fresh jul-aug 3.68 3.50
nepon head !fresh may-jun 517 5.56
nepon head ifresh jul-aug 6.16 5.62
neponset high sep-apr 4,56 5.92
neponhset high may-jun 4.62 3.66
neponset high jul-aug 2.97 3.71
neponset low sep-apr 3.44 3.67
neponset fow may-jun - 3.76 5.29
neponset low jul-aug 4.12 3.11} .
dorchester  lhigh " imay-jun 1.40 1.75
-ldorchester  {high jul-aug 2.02 2.17
dorchester {low may-jun 1.58 114
dorchester {low jul-aug 1.82 2.03
inner harb high sep-apr 4.05 2.84
Linner harb  thigh may-jun 224 - 297
inner harb high jul-aug - 2.98 3.03
inner harb low sep-apr 4.69 2.96
inner harb tow may-jun 2:49 2.98
inner harb low jul-aug 272 3.16
outer harb  1high sep-apr 4.01 1.22
outer harb  fhigh may-jun 1.60[ 1.59L
outer harb high jul-aug 1.71 1.61
outer harb  ilow may-jun 1.62 2.03
outer harb low jul-aug 1.61] 1.89
' sum| ©5.83 95.80
mean] 3.30 3.30
untransformed mean 26 26
% reduction 0.1%

#reat 2 Correction: C = 633.13
#hlocks 29 Total 5§ = 247 41
#cells 58 Blocks S8 = 97.28
#zeros 0 Treatment SS = 0.60
avg of recip 0.062 Error §S = 150.13
ANOVA Results
Source of Variation DaF 88 MS F
Blocks 28 97.28 3.47 10.48
Time Treatments 1 0.00 0.00 0.00
Etror 28 150.13 0.33
Total 57 247 .41
F-Dist. af] 1,28 DoF | 28,28 DoF
25% 1.38 1.29
10% 2.89 . 1.64
5% 4.20 1.89
4501-007-29P
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Enterococcus Cell Average Values (Zero Blocks Removed)
Scheme B - RANDOMIZED BLOCKS TREATMENTS
RMS > 0.25 in Geographic | Tidal
Region |Condition] Season | 8§9-91 92-96
charles fresh sep-apr 6.60 6.67
charles fresh may-jun 3.69 4.72 Hreat 2 Correction: C = 1026.22
charles fresh jul-aug 549 - 502 #blocks 29 Total $8 = 408.00
mystic fresh sep-apr 8.00 4.36 #colls ' 58 Blocks S8 = 154.36
mystic fresh jul-aug 4,73 547 #zeros 0 Treatment §S = 1.94
neponhead ifresh - isep-apr 7.81 6.99 avg of recip 0.103 Error 88 = 251.70
nepon head ifresh jul-aug 8.34 6.66 ' '
neponset - high sep-apr 5.16 5.54 ANOVA Results
neponset high may-jun 7.44 5.17 Source of Variation DoF 8S MS F
neponset high jul-aug -4.83 5.43 Blocks 28 154,36 5.51 5.94
neponset low sep-apr 517 5.45 Time Treatments 1 1.94 1.94 210
neponset  ilow imay-jun 5.76 4.67 Error 28] 25170 0.93
neponset fow jul-aug 5.33 5.21 Total 57 408.00
dorchester ihigh sep-apr 3.39 1.79
dorchester  lhigh may-jun 1.66 2.25
dorchester  thigh jul-aug 2.02 3.18 F-Dist. at] 1,28 DoF | 28,28 DoF
dorchester tlow " isep-apr 443 ° 2.08 25% 1,38 1.29
dorchester low may-jun 3.04 2.03 10% 2.89 1.64
dorchester ilow jul-aug 2.40 3.04 . 6% 4.20 1.89
_[inner harb high sep-apr 5.24 2.62
inner harb high may-jun 2.36 3.99
inner harb high jul-aug © 354 4.01
inner harb low sep-apr 5.98 3.82
inner harb low may-jun "~ 1.68 3.76
inner harb low jul-aug 3.44 3.80
outer harb high sep-apr 4.41 1.09
outer harb high may-jun 1.35 3.67
outer harb  thigh jul-aug 207 2.04
outer harb low jul-aug 1.2 2.21
sum| 127.29 116.68
mean] 4.39 4.02
untransformed mean 80 55
% reduction 31.0%

REPORTAPCY7 XLSIENB Rain3 - ' 4501-007-29P
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Enferococcus Cell Average Values (Zero Blocks Removed)

Scheme C’ RANDOMIZED BLOCKS TREATMENTS
RMS =0in Goographle | Tidal
Regton i{Conditlon; Season | £9-91 92-96
upper cha fresh jul 4.58 4.38
lower cha fresh sep-apr 462 6.94 Hiteeat 2 Correclion: G = 744.98
lower cha fresh may-jun 2.26 3.13 #blocks 40 Tolal 85 = 310,39
lower cha fresh jul 2.97 2,79 #cells ao) Blocks 55 = 158.29
flower cha fresh aug - 3.33 2.40 Hzeros 0 Treatment 8§ = 0.01
myslic frash sep-apr 3,86 3.50 avg of recip 0.103] . Error S§ = 152.00
mystic - fresh may-jun 3.62 3.60
mystic fresh aug 3.84 3.84 ANOVA Results
nepon head  (fresh sep-apf 5.84 6.81 Source of Varialion DoF 58 MS F
nepon head fresh Tl 6,98 533 Blacks 39 158.29 4.08 1012
nepon head  |fresh aug 850 5.94 Time Trealmenis 1 0.01 0.01 0.02
neponset thigh sep-apr 4,23 3.58 Error 39 152.09 0.40
neponset Ihlgh jul an 3.28 |Tota| ] 79 310.39]
neponse! high aug 312 4.24
neponset low sep-apr 347 535
neponsel low may-jun 2.40 2.70 F-Dlst. atf 1,39 DoF | 38,39 DoF
neponset low jul 2.87 3.06 25% 1.36 ©o1.24
neponset low aug - 5.97 4.89§ 10% 2.84 1.51
dorchester high - . may-jun 1.02 1.50, 5% 4,09 1.69
dorchester hugh jul 1.81 1.41
dorchester high aug 2.13 2.74
" |dorchester low sep-apr 2.64 242
dorchester low may-jun 1.26 1.52
dorchesler fow ul 0.92 1.78
dorchester low aug 4.29 266
innerharb ~ }high sep-apr 3.49]. 2.36
inner harb high may-jun 1.74 2.84
inner harb high jul 1.73 2,30
finner harh lnigh aug 3.14 2.88
inner harb low sep-apr 3.84 3.3
inner harb low may-jun 1.83 2.41
inner harb - llow tut 1.97 2.59| .
inner harb low !aug 3.43 241
outer harb high isep-apt ERE] 1.33
outer harb high =may-]un 1.35 1.38
outer harb high © Hul 1.68 1.91
owtei harb high aug 1.58 1.62
outer harb low may-jun 1.57 1.84
outer harb low Iiul 1.09 1.73
outer harb low jaug 1.94 1.84
sum|] 12167 12245
mean| 3.04 3.08
unfransformed mean 20 20
% raeduction| - -2.1%

REPORTAPCO7 XLSIENC Rain1 _ ‘ . _ 4501-007-20P
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Enterococcus
Scheme C
. 0in<RMS <.25in

REPORTAPCY7 XLSIENC Rain2
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Cell Average Values (Zero Blocks Ramovad)

RANDOMIZED BLOCKS TREATMENTS
Geographle |  Tidal
Reglon 1Condltlon} Season | 89-91 92-96
upper cha fresh ful 4.03 5,33
upper cha fresh aug 546 5.36
lower cha lcesh sep-apr 484 5.87
lower cha fresh may-jun 2.29 3.28
lower cha resh jul 3.158 3.27
lower cha fresh aug 2.713 294
mystlc fresh sep-apr 5.82 4.14
myslic fresh may-jun 3.89 4.12
mystic fresh jul . 3.80 3.50
mystlc fresh aug .53 3.49
napon head Iresh may-jun 517 5.56
nepon head fresh Jul 5,85 5.50
nepon head frash aug 6.48 6,49
neponsel high sep-apr 4.56 5.92
neponsel high may-jun 4,62 3.66
neponset high Jul 2.81 61
neponsel high aug 3.31 4.10
neponsel low sep-apr 3.44 3.67
neponsst low may-un 3,78 529
neponset low [ub 3.50 3.15
naponsat low aug 4.54 2,94
darcheslar high . fmay-jun 1.40 1.75
dorchesler thugh Jul 1.68 1.98
dorchester  ihigh aug 285 277
darchester low may-jun 1.58 1.14
dorchester low Jul 1.34 1.88
darchester low aug 2,01 2,58
Inner harb high sag-apr 405 284
inner harb high may-jun 2.24 2.97
inner harb high ful 1.76 3.14
inner harbh high aug 3.39 2.68
tner harb low sep-apr 4.69 2,98
inner harb low imay-Jun 2.49 2951
inner harb low [ub 296 © 330
inner harb low aug 2.51 2.41
cuter harb high sap-apr 4.01 1.22
ouler harb high may-Jun 1.60 1.59
ouler harb high HEL 115 1.71
ouler harb high - aug 1.78 1.56
ouler harb fow may-jun 1.62 2,03
ouler harb low ul 1.50 1.93
outer harb flow aug 1.62 1.86
sum| 13588 138.54
mean] 3.24 3.30
untransformed mean 24 26
% reductlon -6.8%

| H i oo L) Lo A
Hireal 2 Correctlion: C = B96.47
#blocks 42 Tolal §S = 342.74
icalls B4 - Blocks §§ = 146,53
Hzeros - D Trealmenl 88 = 0.08
avg of raclp 0.088 Emor S5 = 196.12
ANOVA Results
|Source of Varialion DoF 88 MS
Blacks 1| 14653 3.57 7.66
Time Trealmenls 1 0.08 0,08 0.18
Error 41 196.12 0.47
ITolal 83 342.74
F-Dist. at] 1,41 DoF | 41,41 DoF
25% 1.36 1.24
10% 283 1.51
8% 4,08 1.69

4501-007-25P



81-2

Enterococcus ' Cell Average Values {Zero Blocks Removed)

Scheme C RANDOMIZED BLOCKS TREATMENTS
RMS > 0.25 in Geographlc | Tidal
Region -{Condition{ Season { 88-91 92.96
upper cha fresh jul 6.53 5.62
lower cha fresh sep-apr 6.11 6.67 Hreat 2 Carrection: C = 1476.93
lower cha fresh may-jun 3.89 4,20 #blocks 41 Total 55 = 50989 .
lower cha frash jul 4.56 4,10 Heells B2 Blaocks 85 = 247.86
lower ¢cha fresh aug 5.14 315 Hzeros .0 '_ Trealment S5 = 321
myslic fresh sep-apr 8.00 4.36 avp ol reclp 0.110] Error 8S = 246.82
myslic fresh ful 4.28 6,33
mystic fresh aug 4.81 5.27 : ANOVA Resuits
nepon head (fresh sep-apr 7.81 6.99 ISuurce of Variallon | DoF 55 I MS F
|napon head ifresh jul 7.87] = 6.83 Blocks © 40 247.86 6.20 8.47
nepon head ifrash aug 10,23 6.42 Time Trealmenls 1 321 a2t .38
neponset high sep-apr 518 §.64 Error 40 248.82 0.96
neponset high may-jun 744) 547 i‘ﬁ!lal 81 599.89
neponset high  djul 425 536
neponset high aug 6.97 5.56
neponset low sep-apr 517 5.45 ) F-Dist, atj 1,40 DoF | 40,40 DoF
neponsst low may-jun 5,76 4.67 25% 1.36 1.24
neponset low ful 4.96 4.33 10% 2.04 151
neponsat low aug . 8.37 5.98 &% 4.08 1.69
dorchesler  {high sep-apr 339 1.79
dorchester  fhigh may-jun 1.66 225
dorchester  thugh jul 1.8 3.14
dorchester  {high aug 2,43 3,261
dorchester  low sep-apr 4.43 2.08
dorchester  How may-jun 3.04 2.03
dorchester  llow jul . 19T 267
dorchester  ilow aug 5.46 3.49
inner harb high sep-apr 5.24 2.82
inner harb high may-jun 236 3.99
inner harb high ul 2,86 3,99
inner harb high aug 3.68 4.03
finner hare  How sep-apr - 5.98 3.62
inner harb tow may-jur 1.68 76
inner harb low jul 2.91 3.99
finnerharb  {low alg 3.55 3.66
outer harb high sep-apr 4.41 1.09
ouler harb  (high may-jun 1.35 .67
ouler harb high jul - 0492 1.92
outer harh high aug 2.11 2.07
outer harb low jul 1.63 2.67
outar harb low aug 1.96 2.06
sum| 182,11 165.89
mean| 4.44 4.05
untransformed mean a4 56
‘ % reduction -331%
REPORTAPCI7 . XLSIENC Rain3 4501-007-29P
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Fecal Coliform
Scheme A
Upper Charles River

Fecal Coliform
Scheme A
Lower Charles River

REPORTAPDI7 XLSIFCA UCLC

o - L Lo o i ! Lo I o o c
Cell Average Values {(Highflghted Cells Denote Estimated Value})
] Cell Averages: Fecal Coliform; In(FC+1) #reat 2 Correction: G = 802.54
"RANDOMIZED BLOCKS TREATMENTS #blacks g Total S = 27.95
RMS Tidal . ' #cells 18 Blocks SS = 1.96
Rainfall § Condition}{ Season 89-91 92-95 #zeros 2 Treatment 58 = 1.86
0 fresh sep-apr 65.48 5.84 avg of recip 0.190 Error S5 = 24.12
0 fresh may-jun 7.85 6.29 : '
0 fresh jul-aug 6.60 6.14 ANOVA Results
0:025 Ifresh sep-apr 7.06 571 Source of Variation DoF 55 MS F
0:025 ifresh may-jun 6.96 6.34 Blocks 8 1.96 0.25 . 032
0:025 ifresh jui-aug 6.10 6.92 Time Treatmenlts M 1,86 1.86 244
>0.25 fresh sep-apr 7.29 6.65 JError 6 24,12 0.76
>0.25 fresh may-jun 7.24 6.37 Total 15 27.95
> 0,25 fresh jul-aug 7.41 6.94
sum| 6299  57.20 | F-Dist.al] 1,6 DoF | 8.6 DoF
mean] 7.00 © 6.36 25% 1.62 1.78
untransformed mean| 1094 575 10% 3.78 2.08
% reduction 47.5% 5% 5.99 415
Cell Average Valugs (Highlighted Cells Denote Estimated Value))
Coll Averages: Fecal Coliform; In{FC+1) #treat 2 Correcilon: C = 585.81
RANDOMIZED BLOCKS TREATMENTS #blocks 9 Total S8 = 50.40
RMS Tidal #cells 18 Blocks 55 = 6.68
Rainfall | Condition| Season 88-91 92-85 #zeros 0 Treatment SS = 1.28
0 fresh sep-apr 5.81 7.08 avg of reclp 0.048 Error 8§ = 42 45
0 fresh may-jun 5.98 472 )
0 fresh jul-aug 543 4.28 ANOVA Results
0:0.25 fresh sep-apr 6.14 6.04 |Source of Varlation DoF S8 MS F
0:0.25 |(fresh may-jun 5.60 453 |Blocks 8 6.68 0.83 3.28|
0:025 lifresh ul-aug 513 4.86 Time Trealmenls 1 1.28 1.28 6.02
>0.25  [fresh sep-apr 6.69 6.40 Error 8 42.45 0.25
> 025  lfresh may-jun 6.44 537 Total 17 50.40
>025 fresh jul-aug © 6.52 . 5.68
‘ sum| 53.74 4894 Foislaf] 18DoF | 8.8 DoF
‘ mean| 5.97 5.44 25% 1.54 1.64
untransformed mean 391 229 10% 3.46 2.59
% reduction 41.4% 8% 532 3.4
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Fecal Coliform

Cell Average Values (Highlighted Cells Denote Estimated Value))

Scheme A Cell Averages: Fecal Coliform; In(FC+1) {#treat 2 Carrection: € = 565.04
Mystic River RANDOMIZED BLOCKS TREATMENTS #blocks 9 Total S = 70.18
RMS Tidal #eells 18 _Blocks 88 = 18.41
Rainfall | Condilion} Season 89-91 92-95 #zeros 1 Treatment 85 = 0.03
0 fresh sep-apr 5.48 5.83 avg of recip 0.098 Error 85 = 51.75
0 fresh may-jun 419 4,51
0 fresh jul-aug 4,69 4.88 ANOVA Results
0:0.25 ifresh sep-apr 6.25 6.45 Source of Variation Dof ss MS F
0:0.25 ifresh may-jun 4.63 4.89 Blocks 8 18,41 2,30 3.18
0:025 ifresh jul-aug 4.86 3.88 Time Treatmenls 1 0.03 0.03 0.04
>0.25 fresh sep-apr 8.12 6.62 Error 7 51.75 0.72
>0.25 fresh may-jun 6.37 6.29 Total 6 70.18
>0.25 fresh jul-aug 6.21 6.60 ]
sum| 50.80 50.05 F-Dist.al] 1,7D0F | 87 DoF
mean 5.64 5.56 25% 1.57 1.7
untransformed mean 282 259 10% 3.59 2.75
% reduction 8.0% £% 5.59 3.73
Fecal Coliform Cell Average Values (Highlighted Celis Denote Estimated Value)} _

- Scheme A Cell Averages: Fecal Coliform; In(FG+1) #ireat 2 Correction: C = 912.78
Neponset River RANDOMIZED BLOCKS TREATMENTS #blocks 9 Total S8 = 20.42
Headwaters RMS Tidal {#cells 18 Blocks S5 = 4.76

Rainfall { Condition! Season 89-91 92-95 #zeros 3 Treatment 8§ = 1.21
0 frash sep-apr 6.72 6.16 avg of recip 0.328 Error 85 = 14.46
0 fresh may-jun 7.22 6.70 )
0 fresh jul-aug 7.29 6.92 ANOVA Results
0:0.25 ifresh sep-apr 6.56 6.04 Source of Variation DoF ss MS F
0:0.25 ‘resh may-jun 7.37 6.25 Blocks 8 4.76 0.59 0.63
0:025 |fresh jul-aug 7.97 6.93 Tlme Treatmenls 1 1.21 1.21 1.27
>0.25 fresh sep-apr 7.54 7.77 . {Error 5 14.46 0.95
>0.25 fresh may-jun 7.88 7.36 Total 14 20.42
>0.25 fresh jul-aug 8.07 -7.63
sum| 66.42 61.76 F-Dist. at| 1,5 DoF 8,5 DoF
mean| 7.38 6.88 25% " 1.69 1.89
untransformed mean| 1603 954 10% 4.06 3.34
% raduction 40.4% 5% " 6.51 488
REPORTAPDS97 XLSIFCA M.NH 4501-007-29P
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Fecal Coliform
Scheme A
Neponset River

REPORTAPDO7 XLSIFCA NEP
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Cell Average Values (Highlighted Cells Denote Estimated Value))
Cell Averages: Fecal Coliform; In{FC+1) #ireat 2 Carrection: C = 1034.37
RANDOMIZED BLOCKS TREATMENTS #blocks ' 18 Tolal §5 = 173.57
RMS Tidal #cells 8 Blocks SS = 24.04
Rainfall |} Condition| Season 89-91 92-95 #zor0s 1 Trealment 85 = 2.95
0 high sep-apr 4,42 2.97 avg of recip 0.112 Error §S = 146.57
¢ high may-jun 5.34 477
0 high jul-aug 435 5.01 ‘ ANOVA Resuits
0 low sep-apr 4.94 527 Source of Variation DoF 8S MS F
0 low may-jun 3.78 4.38 Blocks 17 24.04 1.41 1.38
40 low jul-aug 5.95 5.61 TIme Treatments 1 2.95 2.95 2.88
0:0.25 lhigh sep-apr 5.38 4.32 Error 16 146,57 1.02
0:025 lhigh may-jun 6.80 3.90 Total 34 173.57
0:0.25 .ihigh jul-aug 4.92 4.811
10:025 fiow sep-apr 4.81 4.40 F-Dist. atj 1,16 DoF | 17,16 DoF
0:0.25 ilow may-jun 5.80 5.75 25% 1.42 1.41
0:025 ilow jul-aug 563 4.58 10% 3.05 1.62
>0.25 high sep-apr 5.96 5.91 5% 4.49 2.32
> 0,25 high may-jun 8.15 5.45
> 0.25 high jul-aug 5,92 6.86
>025 low sep-apr 6.7 5.58].
>0.25 low may-jun 6.89 517
>0.25 low jul-aug 6.43 6.59
© .sum] 101.64 91.33
mean| 5.65 5.07
untransformed mean 282 159
% reduction 43.8%. ’
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Fecal Coliform
Scheme A
Dorchester Bay

REPORTAPD97 XLSIFCA DOR
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f

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Fecal Collform; In(FC+1) #ireat ‘ 2 Correction: C = 370.24
RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total S = . 147.40
RMS Tidal #cells 36 Blocks 58 = 36.19
Rainfall { Condition{ Season B9-81 92-95 #zeros 3 Treatment 85 = 2.85
0 . high _isep-apr 5.66 5.10 avg of reclp 0.170 Error SS = 108.35
0 high may-jun 1.54 2,10
0 high jul-aug 2.18 2.33 ANOVA Results
0 low sep-apr 4,55 428 Source of Variallon DoF ss MS F
0 low ~ {may-jun 1.87 2.43 Blocks 17 36.19 2.13 1,62
0 low jul-aug 4,38 2.38 Time Treatmenls K 2.85 2,85 247
0:0.25 |high sep-apr 3.34 2.78 Error 14 108.35 1.31
0:0:25 high may-jun 1.98 2.34 Total 32 147.40
0:025 ihigh jul-aug 2.96 271
0:025 low sep-apfr 3.64 3.08 F-Dist. at] 1,14 DoF | 17,14 DoF
0:025 ilow may-jun 2.61 1.80 25% ~ 1.44 1.44
0:025 l{low jul-aug 2.67 2.15 10% aA 1.99
>0.25 high sep-apr 4.84) - 1.79 5% 4.60 2.43
>0.25 ihigh may-jun 2.95 3.00
>0.25 high jul-aug 3.48 373
>0.25 low sep-apr 6.34 4.34
> (.25 low may-jun 4,25 270
>0.25 low Jul-aug . 357 3.64
’ sum| 6279 52,66
mean| 3.49 2.93
untransformed mean 32 18
% reduction 44.4%
4501-007-29P
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Fecal Coliform
Scheme A

Outer Boston Harbor.

REPORTAPDS7 XLSIFCA OHAR

Cell Average Values (Highlighted Cells Denote Estimated Value))

[
r

Cell Averages: Fecal Coliform; In{FC+1)

2 Correclion; C = 221.32
RANDOMIZED BLOCKS TREATMENTS 18 Total SS = 95.04
RMS Tidal - 36 Blocks S8 = 16.01
Rainfall | Condition| Season 86-91 92-95 4 Treatment §§ = 1.06
0 high sep-apr 2.712] 1.33 0.185 Error 8§ = 76.97
0 high may-jun 1.35 1.51
0 high jul-aug 1.60 1.93 ANOVA Results
0 low sep-apr 241 1.83 Source of Variation DoF ss MS F
0 low may-jun 3.30 . 1.98 Bfocks 17 15.01 0.88 0.80]
0 low jul-aug 1.86 2.01 Time Treatments 1 3.06 3.06 2,78
0:025 ihigh sep-apr 472 2.32 Evror 13 76.97 110]
0:0.25 thigh may-jun 2.863 1.42 Total 3 95.04
0:0.25 thigh jul-aug 4.53 1.75
0:025 ilow sep-apr 223 1.65 F-Dist. at] 1,13 DoF | 17,13 DoF
0:0.25 jlow may-jun 1.81 2.59 25% 1.45 1.46
0:025 llow juf-aug 2.01 1.89 10% 3.14 2,03
>025 lhigh sep-apr 3.62 2.07] 5% 467 2.50
>0.25 thigh may-jun 3.09 4.71
> 0.25 high jul-aug - 2,82 2.44]
>025 |low sep-apr 3.56 2.98
> 0,25 low may-jun 2.87 2.29
>0.25 low jul-aug 2.85 2.68
sum{ 49.88 39.38
mean] 2.77 2.19
untransformed mean 15 8
% reduction 47.1%
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Fecal Coliform
Scheme A
inner Boston Harbor .

REPORTAPDS7.XLSIFCA tHAR

Cell Average Values (Highlighted Cells Denote Estimated Vélue))

Cell Averages: Fecal Coliform; In{FC+1) Hireat 2 Correclion: G = 740.51
RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total 8§ = 170.44
RMS Tidal #cells 36 Blocks S8 = 18.05
Rainfall { Condilion| Season 89-91 92-95 #zar08 0 Trealment S§ = 0.98
0 high sep-apr 4.82 3.67 avyg of reclp 0.027 Error S8 = 151.41
0 high may-jun 3.51 3.49
0 high jul-aug 4.07 4.15 ANCVA Results
0] low sep-apr 5.03 5.15 Source of Variation DoF 58S MS F
o low may-jun 3.68 2.88 Blocks .17 18.06 1.06 4.50
0 low jul-aug 4,20 4.12 TIma Treatments 1 0.98 0.98 4.16
0:0.25 {high sep-apr 4.29 3.88 Error 17 151,41 0.24
0:0.25 thigh may-jun 4.66 3.83 Total 35 170.44
0:0.25 high jul-aug 4.68 4,57 '
0:025 llow sep-apr 4.85 477 F-Dist. atf| 1,17 DoF | 17,17 DoF
0:025 low may-jun 4.52 3.98 25% 1.42 1.4
0:025 \low jul-aug 5.48 4,33 10% 3.02 1.89
>0.25 high sep-apr B.26 4.58 5% 4.45 2.28
»0.25 high may-jun .62 432
> 0.25 high jul-aug 5.99 5.75
>0.25 low sep-apr 6.35 4.82
>0.25 low may-jun 37 -4.90
>0.25 llow jul-aug 5.44 5.48
sum| 684.61 - 78.66
meanf 4.70 4.37
untransformed mean 109 78
% reduction - 28.4%
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Fecal Coliform
Scheme C
Upper Charles River

Fecal Coliform
Scheme C
Lower Charles River

REPORTAPD97.XLSIFCC UC,LC

s
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Cell Average Valuss (Highlighted Cells Denote Estimatad Value))

Cell Averages: Fecal Coliform; In(FC+1) Hlreal 2 Correctlon: C = 1078.30
RANDOMIZED BLOCKS TREATMENTS Hblocks 12 Tolal §§ = 36.61
RMS Tidal Heells 24 Blocks §8 = 7.78
Rainfall | Condition{ Season 89-91 82-95 #zeros 4 Trealmenl §§ = 1.57
fresh sep-apr 6.48 5.07| avg of recip 0.282 Emor §§ = 27.26
fresh may-jun 7.85 6.29
fresh jul 6.60 6.18 ANOVA Results
fresh aug 6.33 5.82 Source of Varlallon DoF . GE M3
:0.25  Jfresh sep-apr 7.08 571 Blocks 14 7.78 0.71 0.64
:0.25 ifresh may-jun 6.96 6.34 Time Trealments 1 1.57 1.57 1.43]
:0.25 Jiresh jul 6.11 6.97 Ervor 7 27,26 1.10 |
:0.25  lfresh aug 5.74 6.28 Total 18 38.61
>025 Ifresh _ |sep-apr ~7.29 6.78
>0.25 fresh may-jun 7.24 6.37 F-Dist. al] 1,7 DoF 11,7 DoF
>0.25 |fresh jur 7.41 6.74 25% 1.57 1.69
»0.25 fresh aug 8.43 7.92 10% 359 2.69
sum] 83.50 77.37 5% 5.59 360
mean] 6.95.° 6.45
untransformed mean] 1051 630
% reduction 40.0%
Cell Avarage Values (Highlighted Cells Denote Estimated Valua))
Coll Averages: Fecal Collform; In{(FC+1) ttreat 2 Cortraction: C = 720.57
RANDOMIZED BLOCKS TREATMENTS #blocks 12 Total §S = 70.90
RMS Tidal Hcells 24 Blocks 55 = 12.47
Rainfall | Condition! Season 89-91 92-95 Hzeros o " Trealment §5 = 3.48
0 fresh sep-apr 5.81 7.06 avg of reclp 0.078 Eror 55 = 55,25
o fresh may-jun 5.98 4,72
0 fresh jul 5.51 437 ANOVA Results
0 fresh aug 4.88 3.49 [Seurce of Vadailon DoF S8 MS
0:0.25 [fresh sep-apr 6,14 6.04 |Blacks 11 1247 1.14 2.83
0:025 [fresh may-jun 5.60 453 Time Treaimems 1 3.48 3.48 8.90
0:025 |fresh jul 5.13 4.89 |Ermar 1 55.25 0.29
0:025 lfresh aug 5.16 4.26 [rotar 23 70.90
>0.25 fresh sep-apr 6.69 6.40
>0.25 fresh may-fun 6.44 537 F-Disl.al| 1,11 DoF | 11,11 DoF
>0.25 fresh jul - 6.49 . 5.84 25% 147 1.52
> (.25 fresh aug 6.85 4,58 10% 3.23 223
sum] 70.69 61.55 5% 4,84 2.82
mean] 5.89 5.13
untransformed mean 361 168 '
% raductlon §3.4%

4501-007-29P



Fecal Coliform

Gell Average Valuas '(nghlllghted Cells Denote Estimated Value})

Scheme C Celi Averages: Fecal Coliform; In{FC+1} | 2 Carrection: € = 709.70
Mystic River RANDOMIZED BLOCKS TREATMENTS #blocks 12 Total 85 = 93.29
RMS Tidal ‘ #cells 24 Blocks 55 = 25.83
-Rainfall | Condition| Season 89-01 92-95 #zeros 2 Trealment §§ = 0.00
jo fresh sep-apr 5.43 5.83 avg of reclp 0.130 Emor 55 = 6746
0 fresh may-jun 4.19 4.51
0 fresh jul 418 4.49 ANOVA Resulits
0 frash aug 4.88 4,88 Source of Varialion DoF ss Ms F
0:0.25 |fresh sep-apr 6.25 6.45 Blocks 1 2583 2.35 2.41
0:0.25 |fresh may-jun 463 4.89 Time Treatments 1 0.60 0.00 0.00
0:0.25 \fresh jul 4.53 3.49 Error 9 67.46 0.97
0:0:25 |fresh aug 5.29 4.25 Total 21 93.29
>0.25 fresh sep-apr 812 6.62
>0.25  |fresh may-jun 6.28 6.29 F-Dist. at] 1,9 DoF 11,9 DoF
>0.25 fresh jul 4,94 7.50 25% 151 1.59
>0.25 fresh aug 6.45 6.39 10% 336 24
sumj 65.22 65.29 5% 512 210
mean] 5.44 544
untransformed mean 228 230
% reduction -0.6%
Fecal Coliform Cell Average Values (Highllghtet Cells Denote Estimated Value))
Scheme C Cell Averages: Fecal Coliform; In(FC+1) #real 2 Cormecllon; € = 1265.85
Neponset River RANDOMIZED BLOCKS TREATMENTS #blocks 12 Tolal §§ = 30.54
Headwaters RMS _Fidal ticalls 24 Biocks S8 = 8.97
Rainfall { Condition| Season 89-91 92-95 #zeros 3 Treaimenl 55 = 241
0 fresh sep-apr 6.72 6.16 avg of recip 0.331 Error S§ = 1917
0 fresh may-jun 7.33 6.70 ‘
"o fresh jui 7.37 6.83 ANOVA Results
0 fresh aug 7.25 6.99 fsource of Varialion DoF 58 MS F
0:025 |fresh sep-apr 6.56 5.93 |erocks 11 8.97 0.82 1.03
0:0.25 |fresh may-jun 7.37 6.25 [Time Trealments 1 2.41 2.41 3,03
0:025 [fresh jul 705 688 [Eror 8 19.17 0.79
0:0.25 lfresh aug 8.49 7.32 [rota 20 30.54
>D0.25 frash sep-apr 7.54 777
> 0.25 fresh may-jun 7.99 7.36 F-Dist.al| 1,8 Dof 11,8 DoF
>0.25 fresh jul 7.69 -7.901 25% 1.54 163
> 0.25 fresh aug 8.59 7.26 10% 3.46 252
sum] 90.95 83.35 5% 5,32 am
mean] 7.58 6.95
untransformed mean] 19856 1038
% reduction 46.9%
REPORTAPDY7.XLSIFCC M,NH 4501-007-20P
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Fecal Coliform
Scheme C '
Neponset River

REPORTAPDY7 XLSIFCC NEP

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Fecal Collform; In(FC+1)

#reat

2 Cormrection: C = 1431.83
RANDOMIZED BLOCKS TREATMENTS #blocks 24 Total §§ = 251,52
RMS Tidal #oells 48 Blocks §S = 46.52
Rainfall { Condition{ Season 89-91 92-85 #zeros 1 Treatmenl §S = 2.99
0 high sep-apr C 442 297 - lavg of recip 0.121 Error 8§ = 202.01
0 high may-jun 5.27 4,77 '
0 high jul 4.51 4.33 ANOQOVA Resuits
0 high aug 428 5.65 Source of Varfation DoF 58 Ms F
0 low sep-apr 4.94 527 Blocks 23 46,52] . 202 1.83
0 low may-jun 3.78 4.38 Time Treatments | 1 2,99 2.99 2,70
0 low jul 5.06 4.20 Error 22 202.01 1.1
0 low aug 6.85 6.88 Total 48 251.52
0:0.25 {high sep-apr 5.38 4,32 '
0:0.25 thigh may-jun 6.80 3.90 F-Dist. at| 1,22 DoF | 23,22 DoF
0:0.25 thigh jul 5.06 4.60 25% 1.4 1.33
0:.025 ihigh aug 462 5.67 10% 295 1.74
0:025 llow sep-apr 4.81 4.40 6% 4.30 2.04
0:025 llow may-jun 5.80 5.75
0:025 |low jul 5.71] 4,85
0:025 llow aug 5.57 4.29
> 0.25  jhigh sep-apr 5.86 5.91
>0.25 high may-jun 8.15 5.45
> 0.25 high jul 5,59 6.72
> 0.25 high aug 7.12 7.13
> 0.25 low . sep-apt 6.17 5.58
1>025  liow may-jun 6.89 5.17
>0.25 low jul 6.23 5.57
>0.25 low aug 8.12 7.83
sum| 137.07 125.09
mean 5.71 5.21
untransformed mean 301 182
% reduction 39.4%
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Fecal Coliform
Scheme G
Dorchester Bay
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Cell Average Values (Highlighted Cells Denote Estimated Value})

Cell Averages: Fecal Coliform; In{FC+1)

#treal 2 Correction: C = 519.29
#blocks 24 Tolal SS = 223.75
#eells 48 Blocks SS = 61.86
Rzeros 3 Treatment SS = 7.57
avq of reclp 0.156 Error 58 = 154.32
ANOVA Results

Source of Variation DoF SS . M8 F
Blocks 23 61.86 269 2.23
Time Treatmenls 1 7.57 7.57 6.28
Error 20 154,32 1.21
Total 44 223,75

F-Dist. at] 1,20 DoF 23,20 DoF

25% 1.4 1.35

10% 297 1.78

6% 435 2.08

RANDOMIZED BLOCKS TREATMENTS
RMS Tidal :

Rainfall | Condition| Season 89-91 92-95
0 high sep-apr 5.66 4.87)
0 high may-jun 1.54 2.10
0 high jul 1.80 1.62
0 high aug 2.42 2.90
0 low sep-apr 4.55 4,28
0 low may-jun 1.87 243
0 low jul 2.84 2.00
0 low aug 7.46 2.72
0:0.25 thigh sep-apr 3.34 255
0:0.25 high may-jun 1.98 2.34
0:0.25 lhigh jul 2.35 2.49
0:0.25 ihigh aug 4.34} 3.42
0:0.25 ilow sep-apr 3.64 2.85
0:0.25 llow may-jun 2.61 1.80
0:025 llow jut 215 214
0D:025 ilow aug 3.38 2.23
> (.25 high sep-apr 4,84 1.79
>0.25 high may-jun 2.95 3.00
>0.25  lhigh jul 3.35 3.80
>{0.25 high aug 478 3.60
>025 llow sep-apr 6.34 4.34
> 0.25 low may-jun 4.25 2.70
> 0.25 low . jul 310 3.32
>0.25 low aug 6.81 4.12

sumj 88.47 69.41

mean] 3.69 2.89

untransformed mean K1 17
% reduction 56.2%
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Fecal Coliform
Scheme C
inner Boston Harbor

REPORTAPDS7 XLSIFCC IHAR

Cell Average Values (Highlighted Cells Denote Estitnated Value})

FIEEEEE EEEEEEE EEEEEEEI R = =

- Cell Averages: Fecal Coliform; In{FC+1) J#traal 2 Correction: C = 987.63
RANDOMIZED BLOCKS TREATMENTS #blocks ' 24 Total S8 = 240.87
RMS Tidal #cells 48 Blocks 85 = 22.15
Rainfall { Condition} Season 89-91 92-95 #zeros ol Trealment §S = 1.10
high sep-apr 4.82 3.67 avg of recip, 0.032 Error 85 =, 217.41
high may-jun 3.51 3.49
high jul 3.85 3.82 ANOVA Results
high aug 425 4.39 Source of Varlation DoF 8s MS F
low sep-apr 5.03 5.15 Blacks 23 22,15 0.96 317
low may-jun 3.68 2.88 Time Trealmenis 1 1.10 1.10 '3.64
iow jul 3.85 4.09 Ervor 23 217.41 0.30
low aug 4.30 4.14 Total 47 240.67
:0.25 ihigh sep-apr 4,29 3.88
:0.25 thigh may-jun 4.66 3.83 F-Dist. at| 1,23 DoF | 23,23 DoF
:0.25 thigh jul 3.90 4.81 25% 1.39 1.33
:0.25 high aug 4.95 3.77 10% 2.94 1.73
:0.25  jlow sep-apr 4.85 477 5% 4.28 2.04
:0.25  ilow may-jun 4.52 3.99
:0.25  flow jul 5.05 4.54
:0.25 ilow . jaug 5.84 3.22
> 0.25 high sep-apr 6.26 4.58
>0.25 lhigh may-jun 3.62 4.32
>0.25 high jul 5.60 5.80
> 0.25 high - aug 6.07 5.67
>0.25 low  |sep-apr 8.35 4.82
> 0.25 low may-jun 3.17 4,90
> 025 low jul 4.44 563
> 0,25 low aug 5.64 5.07
sum} 112.51 105.22
mean] 4.69 4.38
untransformed mean 108 79
% reduction 26.4%

4501-007-29P




Fecal Coliform - Cell Average Values (Highlighted Cells Denote Estimated Value))

Scheme C Cell Averages: Fecal Coliform; In(FG+1) #reat . 2 Correction: C = 268.00
Outer Boston Harbor | RANDOMIZED BLOCKS TREATMENTS #blocks 24 Tolal S§ = 122.90
RMS Tidal kcells 48 Blocks S = 20.31
Rainfall | Condition| Season 89-91 92-95 #zeros 4 Treatment SS = 0.65
0 high sep-apr 272 1.33 avg of recip 0.178 Error §S = 101.95
0 - thigh may-jun 1.35 1.51
0 high jul 1.53 2.73 ANOVA Results
0 high aug 1.61 1.59] Source of Varlation DoF S8 MS F
0 low sep-apr 2.41 2.18 Blocks 23 20.31 0.88 - 0.93
0 low may-jun 3.30 1.98 Tima Treaimenls 1 0.85 0.65 0.68
0 low jut 1.58 2.33 Error _ 19 101.95 0.95
0 low aug 2.03 1.85 Total ' 43 122.90
0:0.25 |high sep-apr 472 2.32 - 4
0:0.25 ihigh may-jun 2.63 1.42 F-Dist. at| 1,19 DoF | 23,19 DoF
0:0.25 thigh jul 0.92 2.06 25% 1.41 1.37
0:0.25 thigh aug 4.87 1.60 10% 2.99 1.8
o 0:025 llow sep-apr 2.23 2.00 5% 4,38 212
L 0:025 |low may-jun 1.81 2.59
™ 0:025 llow jul . 1.59 2.35
0:025 jlow aug 2.056 1.54
> 0.25 high sep-apr - 3,62 2.07
>0.25 lhigh may-jun © 3.09 4.71
>0.25  thigh jul 1.35 2.01
>{(.25. high aug 2.97 2.56
>0.25 low sep-apf . 3.66 3.33
>0.25  ilow may-jun 2.52 2.29
>025  flow jul 2.35 3.01
>0.25 low aug 2.69 2.56
sum{ 59.50 53.92
- mean] 2.48 2.25
untransformed mean 11 8
% reduction 22.6%
REPORTAPDS7 . XLSIFCC OHAR ) 4501-007-29P
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Enterocdccus
Scheme A

Upper Charles River

Enterococcus
Scheme A

Lower Charles River

REPORTAPD97 XLSIENA UC,LC

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Enterococcus; In(FC+1) #treal 2 Correction: C= 539.45
RANDOMIZED BLOCKS . | TREATMENTS #iblocks 8 Total S§ = 40.97
RMS Tidal #cells 18 Blocks S5 = 14.30
Rainfall | Condition} Season 89-91 92-95—4 #zeros 6 Trealment S8 = 0.12
0 fresh sep-apr 5.63 5.79 avg of recip 0.348] Error SS = 26.56
0 fresh may-jun 4.46 4.62
0 fresh jul-aug 4.58 4.41 ANOVA Results
0:025 ifresh sep-apr - 6.14 6.30 Source of Varlation DoF S8 MS F
0:025 fresh may-jun 477 4,93 Blocks 8 14.30 1.79 0.39
0:025 ifresh jul-aug 4.07 5.33 Time Treatments 1 0.12 0.12 0.02
>0.25 fresh sep-apr 7.16 7.32 Error 2 26.56 463
>0.25 fresh may-jun 5.21 5.37 Total 1 40.97
>0.25 fresh jul-aug 6.53 5.92
sum| 48.55 49.99 F-Oist. at| 1,2 DoF 8.2 DoF
A mean| 5.39 5.55 25% 2.57 3.35
unfransformed mean 219 257 10% 8.53 9.37
% reduction -17.4% 5% 18.51 19.37
Cell Average Values (Highlighted Cells Denote Estimated Value))}
Cell Averages: Enterococcus; In(FC+1) #reat 2 Correction: C = 300.28
RANDOMIZED BLOCKS TREATMENTS #blocks 9| . Total §§ = 73.65
RMS Tidal #celis 18 Blocks SS = 31.42
Rainfall | Condilion{ Season 89-91 92-95 #zeros o Treatment SS = 1.70
0 fresh sep-apr 4.62 6.94 Java of recip 0.082 Error SS = 40.52
0 fresh may-jun 2.26 3.13
0 fresh jul-aug 3.02 2,76 ANOVA Results
0:025 ifresh sep-apr 4.84 5.87 Source of Variation DoF Ss MS F
0:025 (fresh may-jun 229 3.28 Blocks 8 31.42 3,93 9.44
0:025 (fresh jul-aug 310 325 Time Treatments 1 1.70 1.70] 4.09
>0.25 fresh sep-apr 6.11 6.67 |Erior 8 40.52 0.42
>0.25 fresh may-jun 369 4.20 Total 17 73.65
> 0.25 fresh jul-aug 4.60 - 3.98
sum| 34.54 40.08 F-Dist. at| 1,8 DoF 8,8 DoF
mean| 3.34 4.45 25% 1.54 1.64
untransformed mean 45 85 10% 3.46 2.59
% reduction -86.9% 5% 5.32 3.44

4501-007-29P



Enterococcus
Scheme A
Mystic River

Fl-q

Enterococcus
Scheme A
Neponset River
Headwaters

REPORTAPDS7.XLSIENA M,NH

Cell Average Values {Highlighted Cells Denote Estimated Value))

" Cell Averages: Enterococcus; In{FC+1) #treat 2 Correction; C = 371.83
RANDOMIZED BLOCKS TREATMENTS #blocks 9 Total §S = 76.38
RMS Tidal #cells 18 Blocks SS = 16.47
Rainfall | Condition{ Season 89-91 92-95 - #zeros 1 Treatment S8 = 1.75
0 - fresh sep-apr 3.86 3.50 avg of recip 0.100 Error 58 = 58.16
0 fresh may-jun 362 380
0 fresh jul-aug 3.81 3.84 ANOVA Results
0:0.25 (fresh sep-apr 5.82 4.14 Source of Varialion Dof S8 MS F
0:025 ifresh may-jun 3.99 4.12 [Btocks i 16.47 2.08 2.48
0:0.25 fresh jul-aug 3.69 3.50 Time Treatments 1 1.75 1.76 211
>0.25 fresh sep-apr 8.00 4.36 Error 7 58.16 0.83
>0.25 fresh may-jun 6.19 5.57 Total 16 76.38
>025 lfresh Jul-aug 473 5.47
‘ sum 43.71 38.10 F-Dist, at] 1,7 DoF 8,7 DoF
mean| 4.86 423 25% 1.57 1.7
untransformed mean 128 68 10% 3.59 2.75
% reductlon 46.7% 6% 5.59 '3.73
Cell Average Values (Highlighted Cells Denote Estimated Value))
Cell Averages: Enterococcus; In(FC+1) #reat 2 Correclion: C = 707.76
RANDOMIZED BLOCKS TREATMENTS #blocks 9 Total 85 = 2379
RMS Tidal #cells 18 Blocks SS = 9.15
Rainfalf -} Condition} Season 89-91 92-95 #zeros 3 Trealment 58 = 0.01
o fresh sep-apr 5.94 6.91 avg of recip 0.357 Error 8S = 13.73
0 fresh may-jun 573 5.28
0 fresh jul-aug 6.66 5.64 ANOVA Results
0:025 ifresh sep-apr 6.06 5.61 Source of Variation DoF Ss MS F
10:0.25 ifresh may-jun 5.17 5.56 Blocks 8 9.15 1.14 1147
0:0.25 ifresh jul-aug 6.16 5.62 Time Treatments 1 0.91 0.91 0.93
>0.25 fresh sep-apr 7.81 6.99 Error 5 13.73 0.98
>0.25 fresh may-jun 6.59 6.14 Total 14 23.79
>0.25 fresh jul-aug 8.34 - 6.66
sum) 58.486 54.41 F-Dist. at| 1,5DoF 8,5 DoF
mean] 6.50 6.05 25% 1.69 1.89
untransformed mean 661 421 10% 4.08 3.34
% reductlon 36.3% 5% . 8.61 4.82
. 4501-007-29P
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Enterococcus
Scheme A
Neponset River

REFORTAPDS7 XLSIENA NEP

Céell Average Values {Highlighted Cells Denote Estimated Value})

Cell Averages: Enterococcus; In(FC+1) Hreat _ 2 Correction: C = 892.48
RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total S8 = 202.46
RMS Tidal Heells 36 Blocks S5 = 32.33
Rainfall { Conditioni Season 89-91 92-95 #zeros 1 Treatment 8§ = 0.06
0 high sep-apr 4.23 3.58] avgofrecp - 0.123 Eror 8§ = 170.07
0 high may-jun 3.31 3.39
0 high jul-aug 3.19 - 3.80 ANOVA Results
0 low sep-apr 347 5.35 Source of Varialion DoF 58 M3 F
0 low may-jun 2.40 2.70 |Blocks 17 32.33 1.90 1.45
0 low jul-aug 4.47 4.01 Time Treatments 1 0.06 0.06 0.04
0:025 ihigh sep-apr 4.56 5.92 Error 16 170.07 1.31
0:0.25 :high may-jun 462 3.66 Total 34 202.48
0:0.25 ihigh ful-aug 2.97 "3
0:025 llow sep-apr 3.44 3.67 F-Dist. al] 1,96 DoF | 17,16 DoF
0:025 ‘llow may-jun 378 529 25% 1.42 1.41
0:0.25 ilow jul-aug 4.12 3.1 10% 3.05 1.92
>025 high sep-apr 5.16 5.54 5% 4.49 2.32
> 0.25 high may-jun 7.44 517
> 0.25 high jul-aug 4.83 5.43
> 0.25 low sep-apr 5.17 5.45
>0.25 low may-jun 5.76 4.67
=025 low jul-aug 5.33 5.21
sum} 78.23 79.66
mean] 4.35 4.43
untransformed mean 76 83
% reductiong -8.4%

4501-007-29P
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Enterococcus Gell Average Values (Highlighted Cells Denote Estimated Value))
Scheme A Cell Averages: Enterococcus; In{FC+1) #real 2 Correction: C = 166.86
Dorchester Bay RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total S = 71.60
RMS Tidal ' #eells .36 Blocks SS = 9.68
Rainfall | Condition| Season 89-91 92-95 #zeros 3 Treatment 58 = 0.06
0 high sep-apr 227 2,19 avy of reclp 0.177 Ercor 8S = 61.86
0 high may-jun 1.02 1.50
0 high jul-aug 2.00 2.14 ANOVA Results
0 low sep-apr 2.64 2.42 Saurce of Varlation DoF 88 MS F
0 low may-jun 1.26 1.52 Blocks 17 9.68 0.57 0.73
0 low jul-aug 2.04 2.20 Time Treatments 1 0.06 0.08{ 0.08
0:0.25 {high sep-apr 2.20 212 Error 14 61.86 0.78
0:0.25 (high may-jun 1.40 1.75 Tolal a2 71.60
0:0.25 ihigh jut-aug 2.02 217
0:025 llow sep-apr 2,521 244 F-Dist. at| 1,14 DoF | 17,14 DoF
0:025  llow may-jun 1.58 1.14 25% 1.44 1.44
0:025 flow “Hjul-aug 1.62 2.03 10% 3.1 1.99
> 0.25 high sep-apr 3.38 1.79 5% 4.60 2.43
>0.25 high may-jun 1.66 225
>0.25 high jul-aug 2.02 3.18
>0.25 low sep-apr 4.43 2.09
>0.25 low may-jun 304 - 203
>0.25 low iul-aug 2.40 3.04
sum| 39.51 3800 |
mean] 2.20 2.11
untransformed mean 8 7
% reduction 9.1%
REPORTAPD97.XLSIENA DOR 4501-007-29P
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Enterococcus
Scheme A

inner Boston Harbor

REPORTAPDS7 XLSIENA IHAR

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Enterococcus; In{(FC+1) #real 2 Correclion: G = 359.50
RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total 55 = 147.28
RMS Tidal ‘ #cells 36 Blocks 8§ = 15.50
Rainfall { Condition|{ Season 89-91 92-95 #20705 -0 Treatment S8 = 0.14
0 high sep-apr 3.49 2.36 avg of recip 0.026 Error 8§ = 121.64
0 high may-jun 1.74 2.84 :
0 high jul-aug 2.48 2.52 ANOVA Results
0 low sep-apr 3.84 3.3 Source of Varlallon DoF S8 - MS F
0 low may-jun 1.93 2.41 Blocks 17 15.50 0.91 4.44
0 low jul-aug 3.12 2.49 TIme Treatments 1 0.14 0.14 0.68
0:0.25 [high sep-apr 4.05 2.84 femor 17 131.64 0.21
LO :0.25 ihigh may-jun 2.24 2.97 Total 35| 147.28
0:0.25 ihigh jul-aug . 2.08 3.03
0:025 ilow -isep-apr 4.69 2.96 F-Disl.atf 1,17 DoF | 17,17 DoF
0:0.25 ilow may-jun 2.49 2,98 26% 1.42 1.4
0:025 ilow jul-aug 2.72 3.16 10% 3.03 1.89
> 0.25 high sep-apr 5.24 2.62 5% 4.45 2.28
>0.25 high may-jun 2.36 3.99
>0.25 high jul-aug 3.54 4,01
>0.25 low sep-apr 5.98 3.62
> 0.25 low may-jun 1.68 3.76
> 0.25 low jul-aug 3.44 3.90
sum] 58.00 55,76
mean] 3.22 3.10
untransformed mean 24 21
% reduction 12.2% .

4501-007-29P
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Enterococcus
Scheme A

Outer Boston Harbor -

REPORTAPDO7.XLSIENA OHAR

Cell Average Values (Highlighted Cells Denote Estimated Value))

1 f J

f

Cell Averages: Enterococcus; In(FC+1) #real ‘ 2 Correction: C = 162.52
RANDOMIZED BLOCKS TREATMENTS #blocks 18 Total SS =" 7474
RMS Tidal |#cells 36 Blocks 85 = 11.47
Rainfall | Condition| Season 89-91 92-95 #2108 4 Trealment 85 = 0.80
0 high sep-apr - 318 1.33 “lavg of recip 0.186 Error 88 = 62.47
0 high may-jun 1.35 1.38 )
0 high jul-aug 1.57 1.71 ANOVA Results
0 low sep-apf 2.24 1.94 |source of variation DoF SS MS F
0 low may-jun 1.57 1.84 Blocks 17 11.47 0.67 0.75
0 low jul-aug 1.61 1.81 Time Treatmenits 1 0.80 0.80 0.90
0:025 thigh sep-apr 4.01 1.22 Error 13 62.47 0.69
18:0.25  lhigh may-jun 1.60 1.59 Total 31 74.74
0:0.25 high jul-aug 1.71 1.61
0:025 ilow sep-apr 222 1.92 F-Dist. at] 1,13 DoF -| 17,13 DoF
0:0.25 flow may-jun 1.62 2.03 25% 145 1.46
0:025 ilow jul-aug 1.61 1.89 10% . 314 2.03
>0.25 high sep-apr 4.41 1.08 5% 4.67 2.50
>0.25  |high may-jun 1.35 3.67
>0.25 high jul-aug 2.07 2.04
> 0.25 low sep-apr 3.84 3.64
>0.25 low may-jun 3.04 2.74
>0.25 llow jul-aug 1.92 2.21
sum| 40.93 35.56
meanf 2.27 1.98
untransformed mean 9 6
% reduction 28.8%
4501-007-29P
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Enterococcus
Scheme C

Upper Charles River

Enterococcus
Scheme C

Lower Charles River

REPORTAPD97 XLSIENC UC.LC

Cell Average Valuss {Highllghtad Cells Denote Estimated Value})

Cell Averages: Enterococcus; In(FG+1) #treal 2 Carrettion: € = 738.26
RANDOMIZED BLOCKS TREATMENTS #blocks ' 12 Total S8 = 53.63
RMS Tidal ' #eells 2 Blocks 5§ = 2112
Rainfall | Condition} Season 89-g1 92-05 #zeras 8 Treatmenl §§ = 0.00
0 fresh sep-apr 563] ~ 5.65 avg of reclp 0.402 Eror S8 = 32.51
0 fresh may-jun 4.60 462
0 fresh jul 4.58 438 ANOVA Results
0 fresh aug 4.68 4.70 Source of Varlation DoF S5 MS F
0:0.25 |fresh sep-apr 6.14 6.16 Blocks 1 21.12 1.92 0.44
0:0.25 lfresh may-jun 4.91 4.93 Time Trealments 1 0.00 0.00 0.00
0:025 {fresh jul 4.03 5.33 Emor 3 3251 4.36
0:0.25 |fresh aug 5.46] 5,36 Tolal 15 53.63
>025 lfresh sep-apr 7.16 718
>0.25 frash may-jun 5.35 5.37 F-Dist. at] 1.3 DoF 11,3 DoF
>0.25 fresh jul 6.53 5.62 25% 2.02 2.44
> 0,25 fresh aug 7.36 7.38 10% 5.54 5.23
sumf 66.43 66.68 5% 10.13 878
mean| 5.54 5.56
untransformed mean 253 258
% reduction -2.1%
Call Average Values {Highlighted Cells Denote Estimated Value))
Coll Averages: Enterococcus; In(FC+1) #reat 2 Correctlon: G = 371,47
RANDOMIZED BLOCKS TREATMENTS fiblocks 12 Total S§ = 94.50
RMS Tidal Heells 24 Blocks S8 = 37.01
Rainfall | Condition{ Season 89-91 92-85 Hzeros o Treatment SS = 0.38
0 fresh sep-apr 4.62 6.94 avg of recip 0.104 EmorSS = 57.11
0 fresh may-jun 226 3.13
0 fresh jul 2.97 2.79 ANOVA Results
0 fresh aug 333 240 Source of Varfallon DoF 88 M$ F
0:0.25 {fresh sep-apr 4.84 587 Blocks 11 37.01 338 6.21
0:0.25 fresh may-jun 2.29 3.28 Time Treatmenls 1 0.38 0.38 0.7
0:025 jfresh jul 3.15 327 Error 11 57.11 0.54
0:025 lfresh aug 273 2.94 Total 23 94.50
>0.25 fresh sep-apr 6.1 6.67
>0.25 fresh may-jun 3.69 4.20 F-Dis. at| 1,11 DoF | 11,11 DoF
>0.28 fresh jul 4.56 4.10 25% 147 1.52
>0.25 fresh aug 5.14 315 10% 323 2.23
sumf 45.69 48.73 5% 484 2.82
meen| 3.81 4.08
untransformed mean 44 57
% reduction -29.5%
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Enterococcls Cell Avarage Values (Highlighted Cells Denote Estimated Value})

Scheme C : Cell Averages: Enterococcus; In(FC+1) #ireal 2 Corvection: G = 470.64
Mystic River RANDOMIZED BLOCKS TREATMENTS © |#blocks Co12 Tolal 5§ = 96.00
RMS Tidal Heells 24 Blocks S8 = 20,34
Rainfall { Condition{ Season 89-91 92-95 #zeros 2 Trealment 5§ = 0.69
0 fresh sep-apr 3.86 3.80 " Javg of reclp 0.131 Emors$= 75.05
0 fresh may-jun 362 3.60 -
0 fresh jul 3.72 3.38 ANOVA Resuits
iO fresh aug 3.84 3.84 Source of Varlation DoF 58§ MS F
FO :0.25 fresh sep-apr 5.82 4.14 Blocks 1 20.34 1.85 1.69
0:0.25 ifresh =~ jmay-jun 3.99 412 Time Treatmants 1 0.69 0.69 0.83
0:025 (fresh jul 3.80 350 |Erer 9 75.05 1.09
0:0.25 ifresh = {aug 3.53 3.49 {Total ' 21 96.09
>0.25 fresh sep-apr B.00 4.36
> (.26 fresh may-fun 5.91 5.57 F-Dist. al| 1,8 DoF 11,9 DoF
>0.25 lfresh ul . 428 6.33 25% 151 169 -
> 0,25 fresh aug 4,81 5.27 10% 336 - 240
sum| 55.18 51.10 5% 6.12 3.10
- mean] 4.60 4.26 :
untransformad mean 98 70
% raduction 29.1%
Enterococcus Celi Average Values (Highlighted Cells Denote Estimated Value))
Scheme C Cell Averages: Enterococcus; In{FC+1) Hreal 2 Correctlon: € = 994 85
Neponset River RANDOMIZED BLOCKS TREATMENTS #hlocks 12 Total S = 42,07
Headwaters : RMS Tidal _ : weells 24 ' Blocks 55 = 16.74
Rainfall { Conditionj Season 89-91 92-95 Hzetos 3 Treatment 55 = 3.48
0 fresh sep-apr 5,94 6.91 avyg of reclp 0.352 Error $5 = 22,75
0 fresh may-jun 6.04 5.28 ‘ i
0 fresh jut 6.98 5.33 ANOVA Results
0 fresh - laug 6.50 " 5.94 Source of Varlation DoF 85 M3 F
0:0.25 |fresh sep-apr 6.06 5.30 Biocks 1 16.74 1.52 1.52|.
0:0.25 |frash may-jun 517 5.56 Time Treatments 1 348~ . 348 3.48
0:0.25 |fresh  fjul 5.85 5.50 Emor . 8 2275 1.00
10:0.25 [fresh aug 6.48 6.49 Total 20 4297
>0.25 fresh sep-apr 7.81 6.99
>0.25 fresh may-jun 6.90 6.14 F-Dist. at] 1,8 DoF 11,8 DoF
>0.25 lfresh jul 7.87 .6.83 25% 154 1.63
>0.25 fresh aug 10.23 6.42 10% 3.46 252
sum| 81.83 72.69 5% 5.32 L
mean| 6.82 6.06
untransformed mean 914 426
% reductlon 53.4%
REPORTAPDS7.XLSIENC M NH 4501-007-29P
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Enterococcus Cell Average Values (Highlighted Cells Denote Estimated Value))

Scheme C Cell Averages: Enterococcus; In(FC+1) #reat 2 Comeclion: C = 940.58
Neponset River RANDOMIZED BLOCKS TREATMENTS [tblocks 24 Total 8§ = 284.14
RMS Tidal #cells 48 " Blocks §S = 63.40
Rainfall | Condition|{ Season 89-31 92-95 #zeros 1 Trealment §§ = 0.15
0 high sep-apr 423 - 3.58 avg of reclp 0.129 Error 85 = 220.59
0 high may-un |  3.50 3.30
0 high jul 3.31 3.28 ~ ANOVA Resuits
0 high aug 3.12 4,24 Source of Variation DoF 55 . MS F
0 low sep-apr 347 5.35 Blocks 23 63.40 2.76 213
0 low may-jun 2.40 2.70 Time Treaiments 1 0.15 0.15 0.12
0 low jul 2.97 3.06 Error ) 22 220.50 1.28
0 low aug 597 4.89 Total 48 284.14
0:0.25 ihigh sep-apr 4,56 5.92
0:0.25 [high may-jun 4.62 3.66 F-Dist. atf 1,22 DoF | 23,22 DoF
0:025 Ihigh  fjul 2.81 361 25% 14 133
0:025 ihigh aug 3.31 4.10 0% 2.95 1.74
0:025 |low sep-apr 3.44 367 5% 4.30 2.04
0:025 low may-jun 3.76 5.29
fo:025 tilow jui 3.50 3.15
0:0.25 llow aug 4.54 2.94
=025 high sep-apr 5.16 5.54
>0.25 high may-jun 7.44 517
>0.25 high jul 4.25 5.36
> 0.25 high aug 6.97 5.56
>0.25 low sep-apr 517 5.45
> 0.25 low may-jun 5.76 4,67
> 0.25 low jul 4.96 4,33
> 0.25 fow aug 8.37 5.98
sump 107.59 104.89
7 mean| 4.48 437
untransformed mean 87 78
% reduction 10.8%
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Enterococcus
Scheme C
Dorchester Bay

REPORTAPDY97 XLS[ENC DOR

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Enterococcus; In(FG+1) #real 2 Correclion: C = 251.53
RANDOMIZED BLOCKS TREATMENTS #blocks 24 Tolal 55 = 110.93
RMS Tidal #oells 48 Blocks 88 = 26.74
Rainfall { Condition} Season 89-91 92-95 #zeros 3 Treatment SS = 0.15
0 high sep-apr 2.27 2.16 avg of recip 0.162 Error §S = 84.04
0 high may-jun 1.02 1.50 ’
0 high jul 1.81 1.41 ANOVA Results
0 high aug 2.13 2.74 |Source of Variation DoF 58 MS F
0 low sep-apft 2.64 2.42 Blocks 23 26.74 1.16 1.71
0 low may-jun 1.28 1.52 Time Treatments 1 0.15 0.15 0.21
0 low Jul 0.92 1.79 Error 20 84.04 0.68
f0 low aug 4,29 2.66 Total 44 110.93
0:025 thigh sep-apr 220 2.09
0:0.25 thigh may-jun 140 175 F-Dist.at| 1,20 DoF | 23,20 DoF
0:0.25 thigh jul 1.66 1.98 5% 1.4 1.35
0:0.25 thigh aug 2.85 277 10% 2.97 1.78
0:025 low sep-apr 2.52 241 5% 435 2.09
0:0.25 {low may-jun 1.58 1.14
0:0256 low jut 1.34 1.98
0:025 llow aug 2.01 2.58
=025 high sep-apr 3.39 1.79
>0.25 high may-jun 1.66 2.25
>0.25 high jut 1.98 3.14
> 0.25 high aug 2.43 3.26
> 0.25 low sep-apr 4.43 2.09
>0.25 low may-jun 3.04 2.03
>0.25 low jul 1.97 287
> 0.25 low aug 5.46 3.49
sum| 56.26 53.62
mean] 2.34 223
untransformed mean 9 8
" % reduction 11.6%
4501-007-29P
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Enterocbccus n Cell Average Values (Highlighted Cells Denote Estimated Value))
Scheme C Cell Averages: Enterococcus; In(FC+1) direal 2 Correctlon: C = 452.95
Inner Boston Harbor RANDOMIZED BLOCKS | TREATMENTS #blocks 24 © Totalss = 169.47
RMS Tidal #cells 48 Blocks 55 = 20.69
Rainfall { Condition] Season 89-91 92-85 #zeros 0 Treatment 8§ = 0.00
0 high sep-apr 349 2.36% avyg of recip 0.032 Error S = 168.79
0 high may-jun 1,74 2.84 . ‘
0 high. jul 1.73 2.30 ANOVA Results
' 0 high aug 3.14 2.68 Source of Varialion DaF 8§ MS F
0 low sep-apr 3.84 3.31 Blocks : 23 20.69 0.90 2.82
0 low may-jun 1.83 2.41 Time Treatments 1 0.00 0.00 0.00
0 low jul 1.97 2,59 Error 23 168,79 0.24
0 low aug 3.43 2.41 Total 47 189.47
0:0.25 thigh sep-apr 4.05 2.84
0:0.25 ‘ihigh may-jun 2.24 297 F.Dist. al} 1,23 DoF | 23,23 DoF
0:0.25 high jul 1.76 3.14 25% . 1.39 1,33
0:0.25 thigh aug 3.39 2,68 10% 2,94 1.73
10:0.25 (jlow sep-apr 4.69 2,96 6% 4,28 2.01
0:0.25 ilow may-jun 2.49 2.98
0:025 llow - jul 2.96 3.30
0:0.25 ilow aug 2,51 2.41
=>0.25 high sep-apr 5.24 262 ,
>0.25 high may-jun 2.36 3.99
>0.25 high jul . 2.86 3.99
> 0.25 high aug 3.68 4.03
>0.25 low sep-apr . 508 3.62
>0.25 low may-fun 1.68 3.76
>0.25 low jul 2.91 3.99
»0.25 low aug 3.565 3.66
sum] 73.62 73.83
mean 3.07 3.08
untransformed mean 20 21
% reduction -0.9%
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Enterococcus
Scheme C
Outer Boston Harbor

Andly

REPORTAPDS7.XLSIENC OHAR

Cell Average Values (Highlighted Cells Denote Estimated Value))

Cell Averages: Enterococcus; In(FC+1) #reat 2 Correction: C = 196.18
RANDOMIZED BLOCKS TREATMENTS #blacks 24 Total 8 = 92.01
- RMS Tidal #eells 48 Blocks SS = 14.86
Rainfall | Condition| Season 89-91 92-95 #zeros 4 Treatmenl §S = 0.03
0 high sep-apr - 318 1.33 avg of recip 0.178 Error 8§ = 77.12
0 high may-jun 1.35 1.38 A
0 high jul 1.89 1.91 ANOVA Results
0 high aug 1.56 1.62 Source of Variation DoF 8s MS F
0 low sep-apr 2.24 219 |elocks 23 14,86 0.65 0.89
0 low may-jun 1.57 1.84 Time Trealments 1 0.03 0.03 0.04
0 - low jul 1.08 1.73 Error 19 77.12 0.72
0 low aug 1.94 1.84 Tolal 43 92.01
0:0.25 ihigh " 1sep-apr 4.01 1.22
0:0.25 thigh may-jun 1.60 1.59 F-Dist. at| 1,19 DoF | 23,19 DoF
0:0.25 {high jul 1.15 1.71 25% 141 1.37
0:0.25 lhigh itle N | 1.76 1.56 10% 2.99,,. 1.8
0:025 llow sep-apr 2.22 217 5% © 438" 212
0:025 ilow may-jun 1.62 2.03
0:0.25 liow jul 1.50 1.93
0:0.25 lilow aug 1.62 1.86
> 0.25 high sep-apr 4.41 1.09
>0.25 high may-jun 1.35 3.67
> (.25 high jut 0.92 1.92
>0.25 high aug 2.1 2.07
>025 llow sep-apr 3.84 3.79
>0.25 low may-jun 2,79 274
>0.25 low Ajul 1.63 2,67
>0.25 low aug 1.961 2.06
sum] 49,12 47.92
mean] 2.05 2.00
untransformed mean 7 6
% reduction 5.6%
4501-007-29P
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Massachusetts Water Resources Authority
Charlestown Navy Yard
100 First Avenue
Boston, MA 02129
(617) 242-6000






