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1.0 INTRODUCTION

Controlling and disposing of mankind's waste products has, in
the past several years become a critical problem, particularly
in view of increased public concern over the quality of the
environment. One of the most severe environmental problems
facing us today is that of liquid waste disposal.

This is especially true in Eastern Massachusetts; there dense
population, concentrated industries, and often antiquated
sewage treatment practices have combined to pollute many
rivers and groundwater supplies and to present real threats to
those which are not yet polluted. The sources of this
pollution are basically three: domestic sewage, industrial
wastewater, and storm water runoff. Each offers its
particular problems and 1is amenable to different solutions.
Before any solutions are sought, however, the scope of the
problem at hand must be known.

This report is concerned with the contribution of industrial
wastewater to pollution. It describes an effort to provide

the basic data on regional wastewater production necessary to.

a successful plan for its control. Similar efforts may
provide the necessary data base for dealing with other liquid
waste disposal problems.

1.1 Purpose

The purpose of this study is to collect and interpret existing
information on the magnitude and composition of certain
industrial and manufacturing process wastewater discharges in
the Eastern Massachusetts Metropolitan Area and to project the
magnitude of this problem into the future. Additionally, the
data collected 1is to be placed into a computer assisted
retrieval and plotting system to allow it to be used as an
effective planning tool. The data management system will
permit the same treatment of data on other areas not
considered in this study.




1.2 Scope and Limitations

The geographic focus of this study is Eastern Massachusetts.
The study area is bounded approximately by Route 495 and
includes all of Suffolk County, most of Norfolk, Middlesex,
and Essex Counties as well as small portions of Plymouth
County to the south and Worcester County to the west. As
shown in Figure 1, the study area contains 109 cormunities.
Of these, thirty-two fall within the SUASCO study area. The
remaining seventy-seven fall primarily within the drainage
areas of the Neponset and Charles Rivers to the south of
Boston and the Mystic, Danvers, and Ipswich Rivers to the
north. Table 1 1lists the communities within the study area.
Those which fall entirely or partly in the SUASCO study area
are marked with an asterisk.

The industrial focus of this study is an outgrowth of earlier
efforts to characterize industrial wastewater in the area, as
reported in "A Study of Certain Industrial Wastes-Eastern
Massachusetts Metropolitan Area," (JASON M. CORTELL and
ASSOCIATES, INC., March 1974). The earlier study examined
discharges from the 27 industrial groups listed in Table 2.
The results of that study indicated that the larger discharges
(over 50,000 gallons per day) accounted for 92% of the total
surveyed industrial wastewater discharge. This clearly
suggested that, for maximum data gathering efficiency, only
the larger industrial sites should be investigated.

In light of this, the expanded 1list of specific industries
presented in Table 3 was developed. This Table is organized
by 1972 Standard Industrial Classification Code and indicates
the criteria used to select industrial sites for inclusion in
this study.

Three selection criteria were used. For those industries
included in the previous study, those sites discharging
greater than 50,000 gallons of wastewater per day were
included in the current study. For those industries whose
water intake is low, any site employing in excess of 250
persons was included. For those industries whose water intake
is high, any site employing in excess of 100 persons was
included. - Those selection criteria were, designed
conservatively to 1insure the inclusion of the ma{erity of
larger dischargers. :
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ACTON*
ARLINGTON
ASHLAND*
AVON
BEDFORD*
BELL INGHAM
BELMONT
BERLIN*
BEVERLY
BILLERICA*
BOLTON*
BOSTON
BOXBOROUGH*
BOXFORD
BRAINTREE
BROOKLINE
BURLINGTON*
CAMBRIDGE
CANTON
CARLISLE*

TABLE 1.

EASTERN MASSACHUSETTS
METROPOLITAN AREA COMMUNITIES

CHELMSFORD*
CHELSEA
COHASSET
CONCORD*
DANVERS
DEDHAM
DOVER
DUXBURY
ESSEX
EVERETT
FRAMINGHAM*
FRANKLIN
GLOUCESTER
HAMILTON
HANOVER
HINGHAM
HOLBROOK
HOLL ISTON*
HOPKINTON*
HUDSON*

HULL
IPSWICH
LEXINGTON*
LINCOLN*
LITTLETON*
LYNN
LYNNFIELD
MALDEN
MANCHESTER
MARBLEHEAD

MARLBOROUGH*

MARSHFIELD
MAYNARD*
MEDFIELD
MEDFORD

MEDWAY
MELROSE
MIDDLETOWN
MILFORD
MILLIS
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TABLE 1.

EASTERN MASSACHUSETTS

METROPOLITAN AREA COMMUNITIES (CONTINUED)

MILTON

NAHANT
NATICK*
NEEDHAM
NEWTON
NORFOLK
NORTHBOROUGH*
NORTH READING
NORWELL
NORWOOD
PEABODY
PEMBROKE
QUINCY
RANDOLPH
READING
REVERE
ROCKLAND
ROCKPORT
SALEM

SAUGUS
SCITUATE
SHARON
SHERBORN*
SOMERVILLE
SOUTHBOROUGH*
STONEHAM
STOUGHTON
STOW*
SUDBURY*
SWAMPSCOTT
TEWKSBURY*
TOPSFIELD
WAKEF TELD
WALPOLE
WAL THAM
WATERTOMWN
WAYLAND*
WELLESLEY

WENHAM
WESTBOROUGH*
WESTFORD*
WESTON*
WESTWOOD
WEYMOUTH
WILMINGTON
WINCHESTER
WINTHROP
WOBURN
HWRENTHAM

* Communities wholly or partly in the SUASCO study area.




TABLE 2. ORIGINAL INDUSTRIAL GROUPS STUDIED

Pulp and Paper Mills
Paperboard, Builders Paper and Board Mills

Meat Product and Rendering Processing
Dairy Products Processing

Grain Mills

Canned and Preserved Fruits and Vegetable Processing
Canned and Preserved Seafood Processing

Sugar Processing

Textile Mills

Cement Manufacturing

Feedlots

Electroplating

Organic Chemicals Manufacturing

Inorganic Chemicals Manufacturing

Plastics and Synthetic Materials Manufacturing
Soap and Detergent Manufacturing

Fertilizer Manufacturing
Petroleum Refining
Iron and Steel Manufacturing

Nonferrous Metals Manufacturing

Phosphate Manufacturing




TABLE 2. ORIGINAL INDUSTRIAL GROUPS STUDIED (CONTINUED)

Steam Electric Power Plants

Ferroalloy Manufacturing

Leather Tanning and Finishing
Glass and Asbestos Manufacturing
Rubber Processing and Timber Products Processing

Hospitals




R

SI¢ CODE

o211
0213
0214
025
201
202
203

204
205
206
2074-2076
and 2079
2077

208
2091

2092

2095 and
2097-2099

TABLE 3. INDUSTRIAL GROUPS STUDIED

SIC CODE NAME

Beef Cattle Feedlots
Hogs

Sheep and Goats

Poultry and Eggs
Meat Products
Dairy Products

Canned and Preserved
Fruits and Vegetables

Grain Mill Products

Bakery Products

Sugar and Confectionary
Products

Fats and Oils

Animal and Marine
Fats and 0ils

Beverages

Canned and Cured
Fish and Seafoods

Fresh or Frozen Packaged
Fish and Seafood

Miscellaneous Food
Preparations and
Kindred Products

INCLUSION CRITERIA

> 100 Emp.

>50,000 GPD
>50,000 GPD
>50,000 GPD
>50,000 GPD |
>50,000 GPD |
>50,000 GPD

> 50,000 GPD
> 50,000 GPD
> 250 Emp.

B e e T e

> 50,000 GPD

> 100 Emp.

> 50,000 GPD
> 100 Emp.

> 50,000 GPD

> 50,000 GPD




TABLE 3. [INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA

21 Tobacco Manufacturers > 250 Emp.
| 22 Textile Mill Products > 50,000 GPD |
| 23 Apparel and Other T

Finished Products q
Made from Fabric and 1

Similar Materials > 250 Emp. ;
24 Lumber and Wood Products, {

Except Furniture > 50,000 GPD ’
25 Furniture and Fixtures - 250 Emp. f
261 Pulp ﬁills > 50,000 GPD
262 Paper Mills, Except

Building Paper Mills > 50,000 GPD :
263 Paperboard Mills > 50,000 GPD f
264 Converted Paper and Paper- ’

board Products, Except
Containers and Boxes > 100 Emp.

emE T, o e

265 Paperboard Containers and
Boxes = 100 Emp. i
266 Building Paper and Building i
Board Mills > 50,000 GPD i
27 Printing, Publishing and ?
Allied Industries - 250 Emp.
281 Industrial Inorganic
Chemicals > 50,000 GPD
282 Plastic Materials and
Synthetic Resins > 50,000 GPD




E TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)
f SIC CODE SIC CODE NAME INCLUSION CRITERIA

| 283 Drugs > 100 Emp.
| 2841 Soap and Other Detergents,
Except Specialty :
Cleaners >50,000 GPD i
2842 Specialty Cleaning,
Polishing, and
Sanitation ]
Preparations > 100 Emp. b
2843 surface Active Agents, :
Finishing Agents,
Sulfonated 0ils
and Assistants > 100 Emp.
2844 Perfumes, Cosmetics, and
Other Toilet
Preparations > 100 Emp.
285 Paints, Varnishes, Lacquers,
Enamels and Allied
Products > 100 Emp.
286 Industrial Organic Chemicals >50,000 GPD
2873 Nitrogenous Fertilizers >50,000 GPD
2874 Phosphate Fertilizers >50,000 GPD
2875 Fertilizers, Mixing Only >50,000 GPD
2879 Pesticides and Agricultural
Chemicals, NEC > 100 Emp.
2891 Adhesives and Sealants >50,000 GPD
2892 Explosives > 100 Emp.
2893 Printing Ink > 100 Emp.
10




TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA
2895 Carbon Black > 100 Emp.
2899 Chemicals and Chemical

Preparations, NEC >50,000 GPD
291 Petroleum Refining >50,000 GPD
295 Paving and Roofing

Materials > 100 Emp.
299 Miscellaneous Products

of Petroleum and

Coal > 100 Emp.
301 Tires and Inner Tubes >50,000 GPD
302 Rubber and Plastic Footware >50,000 GPD
303 Reclaimed Rubber >50,000 GPD
304 Rubber and Plastic Hose

and Belting >560,000 GPD
306 Fabricated Rubber Products,

NEC >50,000 GPD
307 Miscellaneous Plastic

Products > 100 Emp.
3N Leather Tanning and

Finishing > 50,000 GPD
313-317
and 319 Leather Products > 250 Emp.
321 Flat Glass > 50,000 GPD
322 Glass and Glassware,

Pressed or Blown > 60,000 GPD
1




TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA
323 Glass Products, Made of

Purchased Glass > 250 Emp.
324 Cement, Hydraulic > 50,000 GPD
325 Structural Clay Products > 250 Emp.
326 Pottery and Related

Products > 250 Emp.
327 Concrete, Gypsum, and

Plaster Products > 50,000 GPD
328 Cut Stone and Stone

Products > 250 Emp.
3291,3293,

3295-3297 and
Abrasives and Miscellaneous

3299 Nonmetallic Mineral

Products > 100 Emp.
3292 Asbestos Products > 50,000 GPD
331-336 Primary Metals > 50,000 GPD
339 Miscellaneous Primary

Metal Products > 250 Emp.
341-346,
348 and 349 Fabricated Metal Products,

Except Machinery and

Transportation Equipment > 250 Emp.
34N Electroplating, Plating,

Polishing, Anodizing,

and Coloring > 50,000 GPD

3479 Coating, Engraving, and
’ Allied Services, NEC > 100 Emp.

12




TABLE 3.
SIC_CODE

35

36

n

372

373

374
375

376

379

391

393
394

SIC CODE NAME

INDUSTRIAL GROUPS STUDIED (CONTINUED)
INCLUSION CRITERIA

Machinery, Except
Electrical

Electrical and Electronic
Machinery, Equipment
and Supplies

Motor Vehicles and
Motor Vehicle

Equipment
Aircraft and Parts

Ship and Boat Building
and Repairs

-Railroad Equipment

Motorcycles, Bicycles and
Parts

Guided Missiles and Space
Vehicles and Parts

Miscellaneous Transportation
Equipment

Measuring, Analyzing and Con-
trolling Instruments;
Photographic, Medical, and
Optical Goods; Watches and
Clocks

Jewlery, Silverware, and
Plated Ware

Musical Instruments

Toys and Amusements, Sporting,
and Athletic Goods

13

> 250 Emp.

>

250

250

100

100
250

250

250

250

250

250
250

100

Emp.

Emp.

Emp.

Emp.
Emp.

Emp.

Emp.

Emp.

Emp.

Emp.

Emp.




TABLE 3. [INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME : INCLUSION CRITERIA
395 Pens, Pencils and

Other Office and

Artists' Materials > 250 Emp.
396 Costume Jewlery, Costume

Novelties, Buttons
and Miscellaneous
Notions, Except Precious

Metals > 250 Emp.
399 Miscellaneous Manufacturing

Industries > 250 Emp.
4911 Electric Services >50,000 GPD
4931 Electric and Other Services

Combined >50,000 GPD

806 Hospitals >50,000 GPD




Thus, the scope of the current study is to inventory the
discharges of the larger manufacturing industries in the 109
community study area. This report includes data on all
industrial sites meeting the selection criteria in Table 3.

To allow planning to meet future wastewater disposal needs,
the expected industrial waste loads were projected well into
the future. Current levels of industrial waste were projected
to the years 1990, 2020 and 2050 to provide a basis for the
intermediate and 1long-range planning of waste treatment
facilities.

The limitations of the study are those of scale. The purpose
of the study is to collect information on the magnitude and
composition of industrial wastewater discharges for industrial
groups at the regional level. The techniques used and the
data collected are appropriate to this scale. Thus, the data
contained herein are only appropriate for use at that scale
and for the industries covered. It is not intended to
characterize exactly any one site or local area, but rather to
provide data on the aggregation of industrial sites in the
region based on existing data.

Finally, one of the purposes of this study was to develop a
usable data acquisition system and computer plotting routine
to allow the manipulation and mapping of the collected data.
Such a system is required if the data bank is to become more
than an artifact. The system developed for this study allows
almost unlimited flexibility in selecting from the data bank
and provides maps of the selected industrial locations at a
scale of 1:150000 (1"=12,500') for the rapid identification
and location of concentrations of industrial dischargers, and
at a scale of 1:24000 (1"=2,000') for detailed plotting and
correlation to standard scale USGS Quadrangle Maps. In
addition, USGS Quadrangle Maps  which provide accurate
locations for single sites are furnished with this report.




1.3 Summary

Data were collected on the larger representatives of most
industrial groups found in the 109 communities in the Eastern
Massachusetts Metropolitan Area. For each of the 253
representatives of these industrial categories, data were
collected on the source and amount of industrial water use and
the place and amount of industrial process water discharge.
Data on the kind and amount of wastes contained in each
wastewater stream were collected where known, and estimated
where unknown.

This information was then transferred to a computer-assisted
data manipulation and plotting system designed for this
purpose. This allowed the listing and plotting of all data or
selected portions of the data.

The data manipulations performed indicated that the current
level of industrial process water discharge in the study area
is over 34,200,000 gallons per day for the industrial entities
surveyed. Of this, 33,900,000 gallons per day (99% of the
total) are being discharged by the 95 Jlargest dischargers,
while 49 of the surveyed Tlocations discharged no process
water.

Additional manipulations of the data indicated for the
industries surveyed the following distribution of process
wastewater discharges by industrial group: the chemical
industries (SIC Code 28), 26%; the food industry (SIC Code
20), 22%; the paper industries (SIC Code 26), 16%; and the
textile industry (SIC Code 22), 8%.

Finally, the data were used as the basis for the projection of
future industrial waste loads in the area. These predictions
indicate that improvements in water use technology will offset
expected growth in industrial production to a great extent.
In fact, process wastewater volume from the surveyed
industries is expected to remain constant until 1990, followed
by a rise to about 50,000,000 gallons per day by 2050. It is
possible, however, that these rises may be even less because
of the expected implementation of 1wore stringent Federal
controls on industrial discharges and the consequent adoption
of better treatment processes by the individual industries.
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2.0 METHOD

To treat the industrial wastewater production in the study
area properly, it was necessary to develop and to use many
sources of information. In an ideal situation, each
industrial firm would know and divulge full information on its
use and discharge of water at a given location. This,
however, is seldom the case. In most instances, an individual
industrial entity will know its water use but will have no
idea of the quality or quantity of its process wastewater.
Therefore, it was necessary to develop a method of estimating
wastewater quality and quantity for those industries.

’

2.1 Data Sources

Several kinds of data sources were used to compile information
on industrial discharges. These sources varied widely in
quality and completeness. Material was gathered from 1local
public and university 1libraries, the U. S. Environmental
Protection Agency, the Army Corps of Engineers, and the
Massachusetts Division of Water Pollution Control. Other
information sources included agencies and organizations
serving local industries and various Massachusetts State
government departments.

2.1.1 NPDES Permit Applications

The most extensive and complete body of industrial discharge
data was found in the National Pollution Discharge Elimination
System (NPDES) Permit Applications. These applications are
filed with the U.S. EPA by any industrial site discharging
into navigable waters. Files of these applications are
maintained by the EPA offices in Boston and by Massachusetts
Ofvision of Water Pollution Control. Both files were searched
for applications by firms included in the study. When
available, such applications include extensive information on
the 1location, quantity, and constituents of each site's
discharge.

17




2.1.2 Metropolitan District Commission Files

The Metropolitan District Commission has sent questionnaires
to industries in the MDC communities. The responses to these
questionnaires were reviewed to extract usable information.
In most cases, the information included the quantity of
discharge and a qualitative description of effluent quality.

2. 53 Comparison to Similar Sites

Frequently, no data were available on an industrial site
similar in both process and size to another site for which
extensive information was available. In such cases, data from
the known site were used to estimate effluent quantity and
quality for the other site or to refine qualitative
information, such as found in the MDC Questionnaire responses.

2.1.4 Telephone Query

When existing data banks did not contain information on
wastewater at a site, a telephone interview was used to
establish the data. In some cases, full information was
received in this fashion. Additionally, phone contact was
used to confirm general data (employment, SIC Code, water
consumption, etc.) at most sites.

2.1.5 Literature Search

When all other avenues of information gathering were
exhausted, studies of industrial effluent found in the
literature were used to estimate wastewater quantity and
quality. A bibliography of the 1literature reviewed for this
study is found in Appendix J.

18




Wastewater figures found in the literature for a particular
industry were compared and, where possible, averaged together
to provide generalized figures for wastewater and pollutant
quantities. An attempt was made to locate as many case
studies as possible on an industry so that generalized values
would represent a broad cross section of the industry. Where
a study was found to present already compiled and summarized
wastewater figures for a large number of individual sites,
this information was used in the estimation of effluent
quality.

2.1.6 Discussion of the Industrial Literature

The bibliography presented in Appendix J was prepared from
existing information found in the scientific literature.
Thus, its completeness and accuracy are dependent upon the
quality of that 1literature. It became apparent during the
course of this study that, for the most part, the availability
of wastewater literature on an industry was directly
proportional to the severity of its pollution load. For
example, Pulp and Papermaking, Textiles, and Leather are large
users of water and often heavy polluters, and the wealth of
literature on them reflects this. On the other hand, Glass
manufacture requires almost no water and uses primarily
silica, which is chemically inert, as a raw material. In this
case, the 1literature contains almost no reference to
wastewater quality.

Additionally, several of the industrial categories exhibit
peculiarities of a particular industry within that category or
peculiarities of the representatives of an industry in the
study area. These are discussed individually below.

Chemical Industries, Plastics Industries: These groups
require special treatment on a site-by-site basis. Each group
includes a broad range of different processes, and no general
summary of their wastewater quality is possible. Thus, the
bibliographies presented for these groups reflect very broad
groups of processes and cannot be used for accurate estimation
of effluent quality.

19




Feedlots: For the purposes of this study the feedlot
industry is defined as the close-penning and intensive feeding
of livestock for the purposes of fattening the animals for
market. Agricultural raising of stock where pasturage is
important in the feeding of animals is excluded from this
category. There are no feedlots, as such, in the study area.
A search of public records and contacts with State officials
failed to reveal any penned-feeding of beef or sheep. Poultry
farms and swine herds were also investigated. All poultry
farms were called, and it was discovered that they all confine
their birds and collect the manure for sale as fertilizer. In
this way, they realize an extra profit. The hog farms in the
study area also failed to provide what could be called feedlot
conditions. Discussions with Mr. Walter Lewis of the
Massachusetts Division of Animal Health indicated that the hog
farmers of the area held land in ratio to their numbers of
animals and did not close-pen them, as would be the case in a
feedlot.

Dairy Products Processing: The representatives of the dairy

product industries knew less about their wastes than any other
group. Therefore, effluent quality was estimated for nearly
all representatives. This resulted in what appears to be an
unusually large estimated discharge of mercury, based on
literature reports of milk waste contents. The mercury
amounts listed for representatives of the dairy products
industry may be excessive and should be viewed with some
caution.

2.2 Location Surveys

To collect location and site-specific data on the industrial
groups covered by the study, a set of industrial designations
which would allow an accurate identification of the operations
at a particular site was used. The set employed was found in
the Standard Industrial Classification Manual-1972, published
by the U.S. Office of Management and Budget. The
correspondence between industry group names and the Standard
Industrial Classification (SIC) Codes is given in Table 3.
These codes represent the major process in a plant, even
though subprocesses might fall under other codes. An example

20
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of this is the electroplating associated with the production
of electronic components. This Tisting allows the separation
of industries into fine breakdowns of product and process.
One note is in order about the SIC Codes. The manual assigns
the digits of code sequentially, so that all textile miils
have 22 as the first two digits of their code. Where groups
of industries correspond to two- or three-digit SIC groups,
only the major group code is included in Table 3. In some
instances, however, a four-digit code must be used to describe
a group where processes or water use differs greatly between
two- or three-digit group members. This is the case with
Electroplating.

Two additional items of preparatory work were necessary for
location surveys. The first was the selection of a mapping
scale and base maps. The 1locations surveyed were mapped on
USGS Quadrangle Maps at a scale of 1:24000 (1 inch=2000 feet).
The location system for the study area is presented in Figure
2, which shows the 1location of the USGS Quadrangle Maps
necessary to cover the study area. A discussion of the use of
the location coordinate system is presented in Section 2.2.2.

Finally, a data form was devised to allow the consistent
presentation of data on each industrial 1location and to
facilitate the transfer of this information into a data
retrieval system. The faorm is shown in Figure 3 and provides
the framework for the inventory discussion in Section 2.2.2,
below.

2.2.1 Industry Site Lists and Verification

The Tist of industrial sites in each SIC Code group covered by
the study which meets the employment criteria listed in Table
3 was compiled from the 1973 edition of the Directory of New

England Manufacturers. This 1list was verified by consulting
with the Massachusetts Department of Commerce and by
individual telephoning. Mr. William Tsasfaras, of the
Department of Commerce, indicated that their data files had
been used in the preparation of the New England Directory and
that the 1973 version should be complete as of January 1,
1973. This was substantiated by spotcheck verification, using
the yellow pages of the telephone directory. Finally, about
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60% of the locations listed in the study area were called
individually. This allowed elimination of those firms which
are offices or retail branches of manufacturing companies as
well as those which have ceased operation since January 1,
1973, and those which have reduced their number of employees
below the criteria values. Thus, the list of industrial sites
was positively verified to insure complete coverage and
negatively verified to eliminate nonproducing locations. This
listing, which identifies by name and address all industrial
sites within the study area represented by the categories and
criteria listed in Table 3, is a portion of the data presented
in Appendix A.

2.2.2 The Data Form

Specific data for the industrial locations are discussed in
the order that they appear on the data collection form.

Location #: A location number was assigned to each site
inventoried. This number is simply a numerical identifier for
a specific site. Location numbers were assigned so that a
town 1is generally represented by a block of sequential
numbers. Note, however, that locations taken from the earlier
study have maintained their original location numbers.

SIC Code: The four-digit SIC Code for each location was taken
from the Directory of New England Manufacturers. The
Directory is based on the 1967 version of the Code, but
listings were converted to 1972 designations in those cases
where there had been a change.

Name, Address and Town: The name, street address and town of
each industrial site are listed on the data forms in
abbreviated fashion to conserve space. The name and address
are abbreviated to 15 characters each, and the town is
represented by a three-letter code, as indicated in Table 4.
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Location: The geographical Tlocations of the individual
industrial sites were found by consulting maps in the :
Assessors' offices of the towns in the study area. These 4
locations were then transferred to USGS Quadrangle !laps, :
which form the basis of the Tlocation coordinate system
presented earlier in Figure 2. The Quadrangle Maps are
included with this report under separate cover.

The units used to enter the location coordinates on the data
form correspond to a grid of 200 feet. The scale of the USGS
Haps is 1"=2000 feet, so each grid square equals one tenth of
an inch at this scale. Thus, one unit of a 1location
coordinate refers to 200 feet in the real world. The USGS
Quadrangle Maps which cover the study area were assigned
corner coordinates based on this scale, as seen in Figure 2.
To find the coordinates of a point on one of the Quadrangle
Maps, it is necessary only to note the coordinates of the
lower 1left corner of the quadrangle in Figure 2 and then
measure the distance from the lower left corner to the point
along the horizontal and vertical directions in tenths of
inches and add these to the corner coordinates. The X
location refers to the distance along the horizontal axis, and
the Y location indicates distance along the vertical axis.

An example might be helpful. Suppose a location is mapped ten
inches from the left-hand margin of the Natick Quadrangle Map
and five inches from the bottom. Reference to Figure 2
indicates that the Tlower 1left corner coordinates of that
quadrangle are X=510, Y=682.5. The coordinates of the point
of interest are +100 units (10 inches) in the horizontal (X)
direction and +50 wunits (5 inches) in the vertical (Y)
direction as measured from the lower left of the quadrangle.
Thus, the coordinates of the point are X=510 + 100 = 610 and
Y=682.5 + 50 = 732.5. 0Un the data sheet, these are rounded to
the nearest whole unit and would be entered as X=610, Y=733.

Seasonal Production: The variation in seasonal production was
taken from the individual phone contacts. Most industries
showed uniform production over the yvear. The chief exceptions
to this were the food industriec (SIC Code 20). These
industries, as expected, show seasonal variations of
production reflecting availability of raw produce and
livestock. As a group, these industries tend to show higher
summer and fall production than winter and spring production.




There were also a few locations in tanneries (SIC Code 3111)
and chemicals (SIC Code 28) which showed seasonal variation,
but their number was so few that valid generalizations are
impossible.

Number of Employees: The number of employees was taken from
the Directory of New England Manufacturers and confirmed by
the telephone contacts.

Water Use: Major water source, total consumption, process
water discharge, major place of discharge, and treatment
information were generally collected from phone contact with
individual manufacturing plants. If water use figures were
not available from this source, the town water departments
were contacted to give figures for those industries on
municipal systems. Information on water wuse was also
available from NPDES permit applications kept on file by the
Environmental Protection Agency and the Division of Water
Pollution Control for those industries whose wastewater is
discharged to a river or stream, and from the MDC
Questionnaire responses for many industries in the MDC
communities. Where none of these sources was able to provide
this information, estimates of water use were made by using
the industrial literature surveys, by comparison to similar
sites in the area, or by applying data contained in The
Economics of Clean Water, published by the U. S. Environmental
Protection Agency 1in 1972. The Economics of Clean MWater
contains breakdowns of industrial process water discharge for
each area of the country by four-digit SIC Code.

It should be noted that the discharge coded is process water
only and does not include cooling water and sanitary water
requirements. Thus, many locations that use large quantities
of cooling water may show very large total consumption and
very low or zero discharges.

The entries for treatment and efficiency represent estimates
of the in-house treatment provided at a location. "1" refers
to primary treatment, such as screening, settling and
neutralization; "2" refers to secondary treatment, normally by
bacterial action, and "3" refers to tertiary treatment, such
as ion exchange. Estimations were marked by asterisks on the
data sheets, which form a part of the backup documentation for
this report.
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Pollutants: For many of the industrial locations, figures for
industrial wastewater pollutants were provided by the HPDES
permit files or by the companies themselves. Where this was
not the case, estimates of pollutant loads were made from the
industrial literature surveys or by comparison to other
similar sites for which data were available. The first eight
pollutants are commonly 1listed and were given assigned
locations on the data form. Metals and other pollutants codes
used to identify the metals and other pollutants are given in
Table 5. For the metals, the total of all oxidation states
was used, due to the paucity of information on the valence
characteristics of the metals in manufacturing effluent. As
before, estimated quantities are marked with an asterisk on
the data sheet. Additionally, the source of data wused is
entered as a metal or other pollutant, as indicated by the
note to Table 5. When no discharge was discovered, no data
source was entered. In this case, a "-1" appears in the data
source listing to indicate that it was left blank. If more
than one data source was used, all were coded. Thus, "35"
indicates source "3" and source "5" were used.

2.3 Data Retrieval and Plotting

To allow efficient use of the data files developed by the
location surveys, a computer data retrieval system and a
plotting routine have been developed and are in operation.
This system consists of a data verification routine, a data
loader, a data selection routine and a plotting routine. The
system is designed to handle data from this study, but can be
expanded to include contiguous areas which are being or will
be studied. A full description of the data handling system is
found in the User's Manual - ECOSYS - A Computer Program
System (JASON M. CORTELL and ASSOCIATES, INC., March 1974).

2.3.1 Data Verification

The first stage in using the data retrieval system is to
encode the data from location surveys onto computer cards.
The card labels and card column numbers on the data form
indicate the form of these cards. Five cards are necessary for
each location, even if some of them contain only the
identification number and sequence number (which is preprinted
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on the data sheets). This transfer of information from data
sheet to computer card will seldom be without error. For this
reason, the first portion of the data retrieval system is a
data verifier which checks the coded data for a number of
common errors.

Number and Sequence of Cards: Each location number must be
represented by five cards in numerical order.

Shifted Data Entry: Blanks have been left in the data format
between each data field. This allows a check for shifted data
by checking those blanks. Another check is available because
all numeric entries are right-justified. Any deviation from
this is considered an error by the verifier.

Format: Those columns which contain only numeric data are
checked for the presence of alphabetic characters.

Improper Codes: Metals and other pollutants are entered by
the code designations shown in Table 5. Any other letters or
symbols in those fields are rejected. This is also true for
the codes given on the data sheet for water source and place
of discharge.

When any of these errors are encountered in a check, a message
is printed indicating the total number of errors in the deck
and the location and type of each error. This allows the data
deck to be corrected before final loading.

2.3.2 Data Loading

The data 1loader takes data which has been verified and
corrected and loads it into a computer tape or disk file for
storage and later manipulation. The only processing done by
the loader is that it distinguishes between zeroes and blanks.
Thus, any field showing blanks is loaded as a "-1", and any
field showing a zero is given a value of "p" (zero). This
allows a distinction to be made between fields for which
information is not entered and fields which are known to be
zero.
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2.3.3 Data Selection

When the data has been 1loaded into a file, a number of
selections may be made on the data and listed separately.
This allows the selection of that portion of the data file
which is of interest. A selection may be made on any one
parameter, on several parameters, or on a function of one or
more parameters. The only fields which may not be selected on
are "Location Humber," "Name, Address," and "Location." This
was done to preserve anonymity of data on individual
locations.

Selection criteria which are available are "greater than,"
"less than," and "equal to." These may be grouped using
logical statements to select ranges (i.e., BOD between 10 and
100 1b. per day) and other groupings of the data. The logical
statements which are available are "and," "or" and a
negation. The results of any selection made are printed out,
followed by a summary of the records selected. This summary
includes the number of records read, the number of records
selected, the maximum and minimum location coordinates of the
records selected and a breakdown of the numerical fields in
the records, including the number of observations, the total,
and the average. Examples of several selections are given in
Section 3, and a full description of the selection routine is
given in the User's Manual which accompanies this report.

2.3.4 Plotting

When a selection has been made, the selected records can be
mapped by the computer. The plotting routine has been
designed to use a line printer, so that the plots of the
location of the selected points may be obtained simultaneously
with the listings. Plots may be had at a scale of 1"=12,500'
or 1"=2,000'. The plot routine attempts to place the data at
its actual location. If, however, it cannot fit all the
points required into an area, it will shift them horizontally
as far as 2.5 inches in an attempt to plot them. True plotted
points are shown as "XX" and shifted points as "**." If a
point cannot be plotted within 2.5 inches of its location, it
is not plotted. Such points are listed as "lost due to
collision" as part of the plot routine output.
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3.0 PRESENTATION AND DISCUSSION OF DATA

When the data for the large industrial 1locations in the
Eastern Massachusetts Metropolitan Area had been compiled, the
completed data forms were keypunched and computerized. The
data retrieval and plotting system was then used to sort the
data into various forms for presentation and discussion.

3.1 The Large Industries

Appendix A contains the listing of the 253 large industrial
locations in the study area which met the selection criteria
in Table 3. The 1locations of the individual sites are
indicated on Figure 4. The tabulation and plotting reveal
several significant points about industrial wastewater in the
Eastern Massachusetts Metropolitan Area.

First, process water discharges total in excess of 34,000,000
gallons per day from the 253 1large sites. Contamination
levels are also quite high. This waste stream contains over
74,000 pounds of Biochemical Oxygen Demand and 119,000 pounds
of Chemical Oxygen Demand. In addition, many other pollutants
are present in the waste stream in large amounts.

Second, the industrial Tlocations tend to concentrate in
groups. This is particularly true of the areas around Boston.
These dense groupings are of particular interest in planning
waste disposal systems.

Finally, an examination of the 1listings in Appendix A will
indicate that a few locations discharge a great deal of
process water, while many locations discharge little or no
process water. This is true even though only industrial sites
with large numbers of employees are included in this survey.
These conditions were investigated by selecting from the data
file on the size of discharge.

Appendix B and Figure 5 show those industries, regardless of
SIC category, discharging greater than 50,000 gallons per day.
Although there are only 95 such 1locations, they discharge
about 99% of the total daily process wastewater Tload of the
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surveyed industries. The sites are scattered throughout the
area, but concentrations of them occur in Boston and the
Peabody-Salem area.

These large dischargers are particularly interesting since
they may be more easily controlled than the more numerous
small dischargers.

Another point of interest is the SIC classifications of these
discharges. Although many codes are represented in the 1list,
Code 20 (Foods), with 29 sites discharging greater than 50,000
gallons per day, Code 31 (Tanning), with 17 sites in this
list, and Codes 28, 29, and 30 (Chemicals, Petroleum, and
Rubber) with 13 representatives account for the major portion
of the larger dischargers (59 sites out of 95 total).

Aﬁpendix C and Figure 6 indicate those industrial locations
which discharge no process wastewater. There are 124 such
locations in the study area. These zero dischargers are not
confined to any well-defined group of SIC Codes.

3.2 Additional Listings

To provide a further breakdown of the surveyed industrial
categories, six additional selections were made and plotted.
These additional breakdowns are used in Section 4 to allow
predictions of future waste loads. o

Appendix D and Figure 7 show all of the food industries (SIC
Code 20) in the study area. There are 37 such locations
concentrated in Boston and north. Their total daily discharge
is 7,884,000 gallons (23% of the total for all industries
surveyed). As would be expected from the organic nature of
their products, they are high producers of BOD 1load,
discharging 46,000 pounds per day (62% of the total BOD
discharge by the surveyed industries).

Appendix E and Figure 8 present the 20 representatives of the
textile industry (SIC Code 22). These locations, concentrated
in Boston, Waltham, Watertown, Stoughton, and Avon, discharge
a total of 2,100,000 gallons of process wastewater per day,
accounting for 6% of total discharge from the surveyed
industries.
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Appendix F and Figure 9 show the 22 paper industry (SIC Code
26) locations. Collectively, these 1locations discharge
5,170,000 gallons of process wastes per day (15% of the
total), with one site (location #3%2) discharging over four
million gallons per day.

Appendix G and Figure 10 1list and map the chemical and allied
products producers (SIC Codes 28, 29, and 30) in the study
area. These 23 plants discharge 10,090,000 gallons of process
water per day. This represents 29% of the total industrial
discharge and indicates that this group is the largest single
source of industrial process wastewater in the group of large
industrial sites covered by this study.

Finally, Appendix H and Figure 11 show the metals and metal
products industry (SIC Codes 33, 34, 35, and 37) in the area.
This group, with 47 representatives, discharges 1,900,000
gallons of wastewater per day, 6% of the total process water
discharge from the surveyed sites.

Together, these five groups discharge 27,150,000 gallons of
industrial process wastewater per day. This is roughly 80% of
the total discharge from the surveyed industries and confirms
the results of other studies, (Merrimack: Designs for a Clean
River), which indicate that these industries are normally the
heaviest users and dischargers of water among the various
industries. The one unusual fact which is apparent from this
breakdown is the small contributions of the metal and textile
industries, which are often among the heaviest producers of
wastewater. The explanation for this lies in the form these
two industries have taken in Eastern Massachusetts. The
area's metal industries, far removed from major coal and ore
sources, engage in 1little smelting. Rather, the metal
producers purchase raw stock elsewhere and are primarily
involved in producing various objects from this purchased
stock, using water mostly for cooling only. The textile
industry in the area is dominated by garment manufacture and
the weaving of broad goods from pre-dyed yarns, neither of
which requires large use of water.
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4.0 FUTURE WASTE LOAD PROJECTIONS

In estimating the future industrial wastewater loads within
the study area, several assumptions were made. This was
necessitated by the fact that quantitative projections have
normally been undertaken for industrial water consumption
rather than wastewater discharge.

It was assumed, therefore, that discharge is directly related
to consumption and is, in fact, a constant percentage of
consumption. This implies that, as industrial processes
become more efficient in their use of water, both intake and
discharge will decrease by similar amounts.

The basis for this assumption 1is that recycling can be
expected to shift both process water consumption and discharge
downward as follows. Suppose a plant uses water once through
and has a five percent evaporative loss in its process. One
hundred gallons of intake would entail ninety-five gallons of
discharge. Now let us suppose that the water is recycled for
a second pass. An original 100 gallons would be reduced to 95
gallons on the first pass and to 90.25 gallons on the second
pass. Thus, the assumption that, with recycling, consumption
and discharge will decrease by similar amounts 1is somewhat
conservative in that evaporative losses will slightly reduce
the ratio of discharge to consumption.

It was further assumed that the concentrations of the various
pollutants in a wastewater stream will remain constant with
time. This implies that a reduction or increase in total
effluent volume will cause a 1like decrease or increase in the
total amount of pollutants. This assumption is based on the
observation that a more efficient use of water is 1likely to
increase the ease of recovery of waste products and to make
some in-house treatment 1less difficult and expensive by
reducing the total volume of flow.

Both of these assumptions are slightly conservative and will
tend to overestimate future waste 1loads, rather than
underestimate  them. It is 1likely that, with process
improvements, more efficient use of water will slightly reduce
the ratio of discharge to consumption. Additionally, the
controls on industrial wastes which are 1likely to be
instituted as a result of the Federal Water Pollution Control
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Act Amendments of 1972 (Public Law 92-500) will most probably
cause reductions in pollutant concentrations in industrial
wastewaters. While the Act's goal of “Zero Discharge" by 1985
might not be realized, it does suggest that industrial wastes
may be far better controlled in the future than currently.

Thus, the projections made herein for the industrial groups
covered in this study are designed to serve as a reasonable
upper bound for planning purposes. How nearly these upper
bounds are reached depends on the level of enforcement of
Public Law 92-500 and on future Federal and State legislation
designed to control industrial wastes.

4.1 " Projection Technique

Using the above assumptions, the technique chosen to predict
future industrial wastewater discharges was to develop a
projection factor by which existing wastewater volumes could
be multiplied to estimate future volumes.

The methodology for the estimation of such a factor was
developed by the NEWS Group of the U. S. Army Corps of
Engineers and was presented by Robert H. Stewart and Ivan
Metzger in a paper entitled "Industrial Water Forecasts" at
the 1970 Conference of the American Water Works Association.

The projection factor, called "F", is defined as

F: EXO
RxT
where:
E = Employment factor
0 = Output factor
R = Recirculation factor
T = Technology factor

The four independent factors are designed to account for the
major variables governing changes in industrial water use.
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The Employment Factor is defined as the ratio of future
employment to current employment. Thus, as employment rises,
production 1is assumed to rise which causes an increase in
water use and discharge.

The Output Factor is the ratio of future product output per
employee to current output per employee and causes the
estimate of discharge to rise as employees produce more goods.

The Recirculation Factor is designed to take into account
future economies of water use. It is defined as the future
recirculation of water divided by the current recirculation of
water. Thus, if an industry increased its recirculation, the
estimated discharge will be reduced.

The Technology Factor is defined as the present water use per
unit product divided by the future water use per unit product.
Thus, if an industry produces a unit of product with 1less
water, the value of "T" increases and the value of "F"
decreases.

The combination of these four factors into one projection
factor allows for an estimate of the net effects of growth or
decline of an industry (measured by "E"), changes in employee
efficiency (measured by "0") and changes 1in processes
(measured by "R" and "T").

4.2 The Economic Factors (E x 0)

A simple determination of the Employment and Output Factors
can be made by noting a relationship between them.

Es future employment
current employment
o0 = future outgut per_employee
current output per employee
This implies that:

ExO0= future total outgut
current total outpu
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The most common measure of industrial output is constant
dollar production. This allows a direct determination of E x
0 from economic projections of future constant dollar
production. These projections are available from the 1972
Obers Projections-Regional Economic Activity, in the U.S.
published by the U. S. Water Resources Council. The figures
used are those presented for the Massachusetts Coastal Zone,
which 1is the Obers study area most nearly approximating the
Eastern Massachusetts Metropolitan Area.

Table 6 presents the E x 0 factors taken from the Obers
Projections for the major industrial groups. It should be
noted that the values for 2050 were linearly extrapolated from
the values for 2000, 2010 and 2020 given by Obers. These
factors indicate that production growth is expected in all
groups, but that Paper, Chemicals and other Manufacturing will
be the major areas of growth.

4.3 The Process Factors (R % T)

The Recirculation and Technology factors are, at best, only
knowledgeable estimates of future conditions. These factors
have been estimated for other studies. The state of the art
is not such that the locational sensitivity of these factors
can be accurately assessed. Therefore, the "R" and "T" values
used for this projection were derived from those presented by
Stewart and Metzger and from the values used in Alternative

Regional Water Supply Plans for Northern New Jersey, Hew York

City, Western Connecticut Metropolitan Area, November, 1971,
prepared for the New England Water Supply Study (Corps of
Engineers) by Metcalf and Eddy. In both of these studies, the
"R" and "T" factors have been assumed to grow Tlinearly with
time. Thus, they were extrapolated on a straight line to
yield values for 2050. The "R" and "T" factors are presented
in Table 7.

An  examination of these factors indicates that both
recirculation of water and technological economy of water will
both increase in the future. This is especially noticeable in
the chemical industries. These increasing economies will tend
to offset the growth in discharge which would be predicted by
the economic factors alone.
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4.4 "F" -Factors and Projections

Combining the econamic and process factors given in the
preceding sections gives the weighting factors for predicting
future waste load. These factors are given in Table 8. These
figures indicate that a combination of relatively slow growth
and moderate technological improvements can be expected to
reduce overall discharges for the textile industry and for the
primary metals industry. In all others, production growth
will outstrip technology improvements, and a net increase in
discharge is expected.

The implications of this for the total process wastewater lpad
in the study area may be investigated by using the industrial
breakdowns presented in Section 3.2. Table 9 shows the
computation of future waste loads from these breakdowns.

An examination of these predictions indicates that, for the
industries surveyed, some overall growth in industrial
wastewater discharge is to be expected in the study area. In
fact, process wastewater loads for the surveyed industries are
expected to remain essentially constant through 1990 and then
to increase by 39% by 2020 and 48% by 2050.

Since the derivations of the growth factors made conservative
assumptions regarding future legal action in the area of
industrial waste control, some confidence may be had in these
estimates. Thus, it appears that the industrial wastewater
load from the surveyed industrial groups in the study area may
remain fairly constant during the next two decades and then
rise to 50 million gallons by 2050.
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APPENDIX A
ALL SURVEYED INDUSTRIES
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APPENDIX B
INDUSTRIES DISCHARGING
50,000 OR MORE GALLONS PER DAY




AD=-AD36 797 METCALF AND EDDY INC BOSTON MASS F/G 13/2
WASTEWATER ENGINEERING AND MANAGEMENT PLAN FOR BOSTON HARROR=EA--ETC(U)
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APPENDIX C
INDUSTRIES DISCHARGING
ZERO GALLONS PER DAY
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APPENDIX E
TEXTILE INDUSTRIES (SIC Code 22)
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APPENDIX F
PAPER INDUSTRIES (SIC Code 26)
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APPENDIX 6
CHEMICAL INDUSTRIES (SIC Code 28)




o
‘o0t

°0
F M {1}

‘o
‘Lees

0
M *zot

C(RnONY ZWY $3NTIYA HOIHM W04 ISOMI XINO) XVO/SCANCE NI SINVINITCH

dNZ 8°0 ZXINJR443 °0 INNINI uNe INJSIQ 40 D14 00°€8 (CoNINISIQ 00°€8 (0o¥)AxNSN0D ¥AS 1D¥s 13sh d31vs
S 3009 2oun0s Vive ‘e $2371014n3 $°SZ NIN 8°ST 114 8°ST WAS  8°ST ¥dS  NOI1ONGONd TVYACSY3S
307«x  °srL  D0T=X  HIN IKNOL 18 %YO AT ESSINACY QdVr.Q0Ok IRCLE 13KYN  *600F 200D IS  *Tse  en0IlvicT

$043TT° 90§ €0¢3TE° 1IS P0*3LE° WA 604322° €1 iISedpic
CKRONN FdY $3NTYA HOIHM ¥0J4 3SOHI XINC) AVG/SONRCd X1 $18V1NT1I0e

dHI 8°0¢ ZONJZ443 °T INNlMi €Nd INIDSIG 40 14 0°09L (aoN)HOSIA 000°1=(aoN)dWNSNOD NOW ID¥S 13S0 silve
°t 3002 2>unos vive ‘00y $33X074n3 A°ST NIM S°SZ 114 A°ST WNS  8°ST WdS NOILDNCOWd TYNOSYIS

0Tex  e2¢  07=Xx  3AT SNMOL  INVT TVIIMIHD T 18S3uaQV 0O OLNYSEOW 83HYN ‘6182 300D OIf ‘016 e%CI3v301
_ LL® aids 89 Y08 ZCe3ZL° Tnd 9°6 010  ISuaKiD
10e309° NZ 30e39Z° II €0e322° VWN e’ qd ‘et a4 *PY  vD 10-392° Q) 1 sy $°C v 187V13a
$'L Hd L9° ONd *TT 1IN 90¢30€° 105 90¢39L° Q0O €0391° g0 1IVEINID

CNMONY F¥Y $3N7TYA HOIHM 404 3ISOHI XINC) ZVG/SANRCA NI SIAVINIICE

dNE  §°SL XONITd43 °T  INWINI ufe INISIG da JTd 0°80% (QGo2NIHISIQ 0°99T (02N)AnNSNOD NAW 1De8 135N €31Vy
.. °t 3005 2dunos viva *00€t $£33X07dn3 S°6C NIM R°SZ 114 8°SC ANE  §°GZ ¥d$ NOIIONGCHd TWALSYIS

07«  ‘0€8 207X WYD 14001 F¥OWIILIHM T ISSINAAY ¥3HD ¥ » 3DVHD I3WYN *ZTeZ 200D O1f  ‘TEy enCIiviOn
¥°1 Qds Y0¢3€1° 90S 900363° Tna °¢l foK €0e30€C° 010 ISeINIC

'Y Md 09° OHE €0¢39T° IIN §0¢3ZT° 105 G0*36C° QCO €0¢398° 004 11Vein3d
CNMONM A¥Y SENTYA HOIHWM ¥04d 2SOHI XINO) AVO/SANN04 NI SIKVINII0E

4Nl 0°0g XIONJT4d43 °V INwIul 4nd INOSIa 40 D14 00°06 (0oAIHISIQ 00°06 (Q2u)4wNSNOD «NW 1Jus 038N WILVY
T 300D 3o¥nos vive *L0T  £33X014K3 S°6Z NIM 8°SZ 114 8°SE WNS  A°ST WeF  NOIIJNCOWd TVASSYIS

3012 07eX  HVD INNOL 18 NIVYM 999 1§583dqaay X3IVT TVdIN3D 13hvN ‘690€ 330D IS ‘Ate  exCIIvIC
$10e38t" ¢OS *€L Y0S 10-29L° NG T°2 €0u €0032L° Q10  1SdaNlL
('t W t'c W 0e* w3 15TV

9°9 M4 €0+391° O ‘Tt OH4d *C€t JIN 90+3LZ° 108 €C*389° Q0D °C6 go@ 1TvdIN3e
(NMONX 3WY $30IYA HOIHM 404 3ISONL AING) XV3/SANNOd NI SINVINTI04

dNE 8°0 XONJI443 0 INwIul ¥ng IHIsSIA 40 914 *SLLY (aoNIHIOsIa ‘00LY (QONI&WNEN0D NAS 1Dds 13SH Walve
T 3009 3dunoe viva ‘0LL  $33X014K3 S°SZ NIM 8°SZ 174 8°SZ WNS  $°SZ WdS NOIIDNQOWd TVAODSYIS
J0T=X  °*fZOot 201=x VM@ INKOL 18 NJ0JNVN 440 t§Suaav N0 OXOJIShaY 33n¥Y  °490F 3000 OIS  ‘TOf en31lrdM
€043¢t°* coO¢ 00° Qi €043ZL° voS ‘Tt €ON €00362° CHYN °ZY w14 €0e320° @10  1SdINlD

€0636L° WN E0e39L°' '96 Ok ‘st 34 *0L VD €0e3It* 1y 18713k
€0e30¢€° 349 9°% OHd CO0*3CE° IIN 904399° 105 9043€¢CZ° 00D 90¢391° QoW 9IVEINID
(NMONX XY $3NTVA HOIMM 404 FSOHI XINO) XAVO/SANNOE NI  SINVINTI04

dNZ 8°0 XONDT4a43 T ImNlul u0g IHOSIA 40 914 *00ct (QONIHOSIO “00€Y (AONIEKNENOD WNE 1du§ $3SN WILVR
. °t 3000 2dunos vivd ‘08t  $33X014x3 S°6Z NIM QR°GZ 114 S°CZ WNS 8°CT ¥dS NCI1DNQO0Wd TYNCSYiS
07ex  ‘0f9 I07=X N3AL INAOL NuUNgoM STS 1883¥aQY 440D OONZNO0D #3NYN  °TLeZ 3300 OIS “O0€T er0IdviCy
. €0+asL® DvD 90+3158° V0§ 0%° 1INd ¥0e3s8* @10  IS¥INIO

L't IN 0t oM £°c nd 1°C WD 1SIVIM

6°L HdE 9043C8° 108 90¢3(T° QO@ 11ve3n3d
(NMOKY 2¥Y S3NTIVA HOTHM ¥OJ4 ASOHLI AINO) XAVA/SANNOd NI SINVINIT04

dN3 8°0§ XINOT44a T IuMIwl €Nd (KISIC 40 I1¢ 0°00Z (aoaInIeIQ 0°00% (QON)4KNENCD NAN 1J¥S 138N ¥ILVP
. *S 3000 20unos viva ‘v $33X074K3 S°SC HIN 8°SZ 1174 S°ST NS 8°6Z ¥dS NOIIJNGOWA TVYNOSVIS
0Mex  °glt 01X _ NSy 1NnOL ! Gy NAO3N 1883uQAY M1 M0JVAN 813wy °6Iaz 3000 JIs ‘¢ oNOI1VO0"
SIVIININD ONIISIT 40 8 d3eNny I9V4

2 Aot BN s camile e ol e ks

Gl




NYD INwOL RI1ISHIAIMA tT $SSIMAQY 2 WaWD CIIINS IaNWN ‘tyer 3000 OIS *eCIs ovCIlvd0T

ccasdescccaves

*$LS 07X v

(NMONN ¥V S3NTVA HOIHm MOJ 2SOWLI RIKO0) AVGE/S3NNOd NI $14V1NT104

‘0 dWI 8°0 XONOIJ431 0 INWIMI dnd INOSIQ J0 J14 0000° (Q2%)HISIQ 000°S (02N)ANRSNOD NAW DS 93SN W3IIVe

. °te 2QQ) 32dn0S Vvivd ‘08t €33IX0N4W3 S°SC NI® S°SZ 114 VST WNS  8°S? ¥d® NOI1DMODMd TVLOSVY3S

L0 J0Tex ‘gL J07=X  NVD 1NMOI 4C TVvIWlsngxl #SSIWAQY 94N SAITTIHd VIRVYN  °6LOfF 3G0D IS °€EI§ eNCILVI2T
L ] - -

(NMONY JWY $3NTVA HWOIHM W04 3SOHI XINC) XV3/SANNRO4 NI $1IaV1INTI04

‘o dRI 8°0 XONDIJJ43 *0 INWI¥MI €nd SHISIQ 49 J1d 0000° (Qo%IMISIQ 00°0Z (G2XN)dWASANCD WNAW ID¥S 13CD ¥IIVY
*te 300D 30dN0S VIva °009  $3IIXACIIKI $°6Z NIP 8°GSZ 1174 N°ST KNS 8°SZ ¥dS nuOL1ONCCWEd TY.CSYIS
*968 O07ex ‘268  D07e=X  HYD INMOL Ay»Qyo¥s SOT ISSIWAQAY ONIOWNOVE VIVO tIRWN *eL0€ 3C0D JI8 LIS euCIIVOOT
't ¥CS st° 118 'y 010 1suINlD
10=39%° NZ 66° OW €020t @4 oe* a2 L°t  ¥D €0=30t° QD 20-300° €S 1SIVI3N
9°9 wud Ly 43 11vdaINID
(NMONX FMY S3NTIVA HOTHM W04 3ISOHI XINO) AVG/SANNOd NI $1.v1AT1Cd
‘o AWl 8°0 XONOTJ33 ‘0 INWIMI end IHISIQ 40 D14 00°0% (A2aIHIS1IQ 00°0% (QON)IAWNSNCD NNAW 1J¥S #3cn d3lve
. *z 300D 3d¥nos vivd *00€  S33XCTAK3I $°6Z NIN 8°CZ 114 8°SZ NNS  §°S? ¥dF KOILIINGOWd 1¥nOSVY3S
®90tt J07ex  ‘ofiL J07=X  ¥N@ $MMOL 1§ €#03039 0§ 1$S3YAAY WD Q32Ir0¥1ID313 13RVN  *6L0F 300D JI8 0016 %0IlVI0T
- EE RS L] ae -
(3 4 *cy 908 €0¢343° Q1> ISwIkiD
10=302° w2 L2 ¥y 1eIV1ZN
0°t OHd L°T 1IN €0e319° 10€ *zy ¢32 *01 QOY 11YE3N3g
(NMONN 3d¥Y $3NIVA HOINM W04 3SOHI RINO) AVQ/SANROd NI SIAVINT1S
] dWl 8°0C XONDIa4a3 Vv  INWlMl and tHOSIQ 40 O1d *004Y (@oNIHIELQ *000€ (Q2N)4WNSNOD NAW 1JME 13Sh d3ALVA
¢ 300d 3dunos viva ‘00 $£331074W3 $°6Z NIM R°SZ 114 N°SZT WAS  §°SZ ¥dS NOILIONQOHd TYNOSYIS
®960t J07ex  ‘09¢ JC1ex  €0m INMOZ ZAY TIIH LY $SS3¥aQY NII¥12D NYIIv S3kw¥ 1602 3000 OIS IV e%01lvO07
0'¢ *Lt o8 °0S 010  tS¥3INID
$10=301° K2 01° Wd> ISIVIZN
6'9 Hd 0%° OHd 0L® 1IN € ¢ 108 Lt @0l e8¢ ace 11va3nis
(NMONX 3¥¥ $2NTIYA HOIHM MOZ ASOHL XINO) XVO/SANNOd NI SIKYIN11Cd
‘0 AWl N°'0g XONOI433 Y INWIWl @end YHISIQ 4o J1d 0°599 (A2NINISIA 0°069 (Q93)drNSKOD NMO 8D¥S 13S0 J31va
*€ 3002 3J¥n0s viva ‘oL $33X01dW3 $°62 NIN 8°SZ 714 $°SZ WNS 8°SZ ¥dS NOIIJNQOHd TVYAOSYVIS

ol £ 4 t

IS SSOMD 9FT 1SSIWCAY  TIIC 181Q3 13IPS SINYN ‘T6m? 300D JI8  *SEe  eNOIlvool

SLLOT J3C1=Xk  ‘ove
L L]

0°C 904319° 905 90¢312° @10  Is¥3ki0
s'e we °6t 708 1TVMIN3D
(NMONX ¥V SINTIYA HOIHM .04 ISOHLI RINO) XvdA/SANNDE NI SINVINTI04E

‘0 ddl 8°66 XoN32443 ' 1uWIMI @nd 143512 43 o7 LLye (aox)HIsIQ LOLYZ (Q%N)AWNENDD NRW 1Dds 8351 d31Yp

s 300D 30¥nS vivae ‘es $33X074A3 8°SZ NIM R°SZ 714 8°SZ WAS 8°SZ ¥dS NGIIONAOWA TYNOSVIS

2ett  2C71ex ‘ane 227ex  TIx 14p0L 1S §34Y3 TS 1SSIMAAY  TVOIRAND NVA31S 1awvN  ‘etaz 3¢00 JIS  Z€é  #n0IlVI0T
® e L LT LT - - - ow

o't ‘68 »0S €0+362° Q10  IS¥INI0

t0e3¢C* w2 §S° d¥)  1sTviim

. 6'9 Na 02 DOMa 9°C 1IN €0+22e® 108 *ce a0d ‘6t ace 1IVEINDD

(NMONN FHY SINTIVA KHOIHM ¥0J3 3SOHI RINO) XYA/SONNOE NI SINVINITCA

‘o dWI  8°0 RONOT4JT 0 INWIWI  @nd IMISIC 40 J1d °006Z (GONI¥ISIA 0065 (AONIAWNENOD N0 1JdS 83SN ¥ALVM

*t  3Q03 32¥n0S vive ‘tLE $3IIX0T4N3I R°S2 NIM R°GZ 713 N'SZ KNS  W°ET ¥AS  WOTIDN2CWd TYrOSYIC

‘00tt 207} ‘gr0t DJ0Tex Y34 INMOIL NOIONIHSVYM LZZ #SSIHAAY  NIIVIZD NVHISVA 13nVY 168z 3000 JIS LAY #¥O11V33%

0°t Qds 9043CT° 905 90438T° Ind °2% €ON €0e30C° €10  1sdiNID

$°y Hd 0°T OHA €0¢3ST' 1IN €C432T° "I0S SO43Pf° CCI €04306° coe 1Ivdinss

G2




C(NMONX 3¥Y $INTYA HOIHM ¥OJ 2FOHI XINO) XVO/S$ANNOE K1 $1INV1N1104

‘o dng 0 XOMIT442 °0 INNIMI QN® IHOSIO 40 D1d 0000° (a%%IHISIA 0°L9T (QON)AWNSNOD MWD 1248 138N ¥ILlVe

. te 3005 2Jdn0® VYiva sty $33X07dW2 R°62Z NIM $°GZ 114 &°ST WNE 8°ST ¥dS NOIIDNQOWd 1VuOSYIS

*EEET 90Tex  0RL O07eX  TIM INNOI AV NOIONITNNG T 1SS3¥AAY  SYId L¥VIHIZArE 13WYN  *6L0€ 300D JI§  ‘SE¥E #7011v301
C(NMONN J¥V S3ANTIYA HOIHM ¥0J4 3SOHI XA7T40) AVA/$ANNOd NI  $INV1NT1104

*0 dNLl 8°0 XONO1d43 0 INWl¥I Gnd MHOSIO 4O D14 0000° (ao¥)HOSIA 00°2Z% (AON)AWNSNDD NNW 13dS $3Sh dI1vm

*te 3000 3J¥nOS vivd ‘00z  $£33X01dk3 $°SZ NI® A°SZ 114 A°SZ WNS  R°6Z HdS NOI1D1230dd TVHLSYIS

SgpL J07ex  ‘ezr  J07eX  NIN INpOL 18 WYHO23M 00€ 3SSZMAAY  VIIREHD CJ3NK3L 83avM  °6L0€ 300D JIS  °9i2s »:CIlvI0N
Z0=309° 1Td 10=30%° QND ‘09 410 1s¢3Kl0

0t N2 ‘T W 0°f N T0e35»® 33 10e30€° ND  I1STIVIIW

0°9 Hd €T 00° OMd 0°Z 1IN €0e3st* 108 *16 G0 *9¢ Q0R 11ve3n39

(NPONX 3¥Y $3INTIVA HOIHWM W04 ISOHLI R1INO) XVG/SANNOd NI SINVIN110d

‘0 dWI §°0§ XONDIJ443 °V  INWIWI NNS INHISIQ 40 O1d 0°0LY (QOXAIHISIQ 0°061 (QON)MWNSNOD NAA 30dS 138D €alvy

. °t 3009 2J¥n0s vivad °0006 $33X01dn3 S°6T NI¥ 8°GZ 174 4°SZ NS &°GZ ¥ds NOI1DNQ0Wd 1Y¥LISYAS

‘098 J07ex  *0FS  D07eX  IN INNMOL 1S 3A¥ND 09 1SSINAAY 9078 d¥0D J4yo #3ny¥ TGz 300D IS *99ZS eNO1livIM
(NMONY 3dY $3N7TYA HOINM w04 3SOHL XINO) AVG/$ANNDd NI SINVINTI04

‘o dNL 8°0 XONDT4d43 ‘0 INWINLI €nd IHOSIG Jd0 )14 0000° (aox)IHISIA 00°0% (A9N)AWNSNDD NNA 1Jd8 3SR e3IVM

*t= 3002 32¥nos YiVa *SZE  £33X01dwN3 S°ZZ NIM N°P€ 113 S°ZZ WNS  R°ZZ ¥ds NOIIDNGOWd 1V.0SYIS

°gett J01ex  ‘0ZZt J01eX  MVYN INMOL " 1S 3W1T 1s$3¥aayv 4319318 ¥¥31 13HYN °6L0€ 300D JIS  °S1ZS #A01lv201
‘ZY Hd 11%43n3D

C(NMONX ¥V S3NIVA HOIHM ¥0J4 ASOHI XTINO) XVA/SANNOCE NI SINVINTI04

‘oL dMI 8°0 XONOT443 0 INWIMI QNd INOSIQ 40 O1d 000€° (asxIHIOS1a 0°38T (AON)AWASNDD NAN $J¥§ 13SN wILIVe

_ *te 3002 3d¥nOs viva ‘00Tt $33X01dKH3 $°ST NIM 8°SZ 114 $°ST WNS  8°GZ ddS NOILDJNGOdd TVnOSYAS

*L00% J0Mex  ‘ef6  D07eX VW 8HMOL 1§ Tdv3d T6E 1SSIWAAY  ¥IEENd ISMIANOD §3MYN  °TZOE 300D DIS  *IIZE en0IlVI01
(NMONY JdY S3NTVA HOIHM W04 3SOHL XIND) XVA/SANNCd NI SINVINT104

*0 dNI $°0 XONDXJ443 °0 INNIMI QNd IHDSIQ 40 O18 0000° (gox)HOS1aQ 00°0€ (Q9N)dWNSNOD NNK BD¥S 835N darvw

*te 3002 32uN0S Viva °0%t  $33X01dK3 S°62 KI® 8°6Z 174 $°ST WNS 8°6Z ¥dS NOIIJNAOWd 1¥:.OSYiS

%9908 J0Tex  ‘gR0T J07eX  NXT IMEOI IS IMVSVAT4 19T 1SEIWACY 4D SOIISVIA S N 1AMYN  *gL0€ 300D JIS  *902C $:011vI01
(NMONY 3uY $3NTYA HWOIHM WOJ 3SOHI XINO) XVG/SONNDd NI SINVINIT04

‘0 dNI 8°S6 XONOI4d3 °C  INWINI €Nd 1HOSIG 40 J1d 00°Zt (aoaAINISIQ 00°CT (A5%)IAWNSNOD N»0 1J4§ 138N ¥alVve

. 'te 32009 30¥NOS Viva ‘00 $33X07dk3 A°ST NIM 8°6Z 114 8°ST WNS 8T NS NOIIONCOWE TVHOSY3S

°tge 0Tex  *9se O07NeX  3A3 1NMOL  $18 NOIgOE® IQNZ ISSINQAY SINIVE FZIMVAN 03WVE 1692 300D OIS  °991¢ eNCIlVIOT
oo Y essece

(NMONX 3MY S3NIVA KHOIHM W04 ASOMI XINO) XVAG/SANNOd NI $1NVINT104

‘o dWI 8°0 XONJT4id 0 INWlwl @Nd 1HISIA 40 914 "00°60 (QoNIHOSIC 0°0LT (AZNIAWNSNOD NAK I1D¥E 03sn d3lve

*te 3009 3Jdn0$ Yivd ‘00T $33X07dN3 8°SZ NIP 8°SZ 114 $°SZ KNS 8°ST Wd$ NOILIDNAONA TYAOSV3S

%986 07ex ‘966  D0TeX  3A3 INMOI 18 QUINL 9LC ISSINQQY  MOLMOHeWINIAWYD $3HVH  °TSeZ 3CDD JI8  °*Tels #n0I1Ivd0n
(NMONX 3¥Y S3NTIVA HOIWN MOJ 3SOHI XINO) XVA/SANNOd NI SIANVINT10d

‘o dWE 8°0 XONDI443 0 INWIMI @nd (HISIQ 40 D14 0000° (QSNIHISIC 00°9T (QONIAWNSNOD NAK $D¥S 83SN e31VM

*te 300D 3D¥n0S ViVva ‘00T  $23X07dN3 W°6Z NIM 8°GZ 174 S°ST NNS  A°GE MdS NCILDNaOWd 1V.CSYES

G3




0000°0SL 0000°06L 1§ M0
060L°€9 ostyLZY T fos
SZ6L°0 ooLt'e ’ a4s
szzo*st02 €oLztontYL 14 *0S$
0065°8ST 008tT°LTE [ 4 11s$
6%S€°T19 Z68T°899¢€ 9 INd |
SL19°%6 ooLv*et ] €oN
00CO°TILY 0000°2Z%¢€ z CHY
0006°ZY 0005°Z% 1 14
0c%0°0 00%0°0 3 and
£269°6€L2 1009°8196¢ €t a1
§9%0°0 06L2°0 9 NZ
0%20°0 0v20°0C 1 11
SLot* LS 00L9°8Z0T 1 ] N b
0COT ELE 000Z°9%¢L z b |
0065°¢ 0069°1 b4 IN
000T°0 0001°0 T oM -
0s6t1°ey £06£°96 4 oW o
102Z1°0 Tovzeo z ed
zZ9eT €l oseL*2S { ] 34 :
Ss9°Y otez°¢ 14 n
perE’T oLeL"3 s LB
ostL 1L 00%9€e°98 ’ v
1210°0 I¥z0°0 [ 4 (]
002Z1°0 007%°3 4 (1]
08000 0ecc*o 1 |as
oosL'ssS 00CS*LTt z v
dcotL 80CT°8L 1t Hd
0sL0°12t 00GCE*Y8Y ’ D)
PeLT%2 00L6°61 6 OHd
9609°96 005%°698 6 1IN
6069°900% T009°CLOYY 131 108
BLLE®ZZRR P00%°T006L 6 (o]
0vZ6° 0Ly 00+Z° 600 0t Qo9
LS69°0¢CY 10C0°0600¢ €2 sI1c
. 60%6°19L 0coL*ZoL9T 44 $ND
L125°08S 0000°29962°T (%4 dn3
FOVEAAY 1viol INROD  JHYWN
Los & g¥00D=X NIW sLe = QH00J=X NIN
Lees ® QHOODeX XYM 0ZZT = QWO0J=X XV¥N

(24 ® Q3103735 SC¥0I3W €S = Qv2d SQUOOIN




i

i t
i

4

|

4

APPENDIX H
METALS INDUSTRIES (SIC Code 33)
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APPENDIX I
POINTS LOST FROM PLOTS

S——




Figures 4 through 11 of this report were prepared from com-
puter plots at a scale of 1:150,000. In the final prep-
aration, some points overlapped with others and could not
be shown. This appendix contains a listing of points lost
in this manner.

Figure 4. A1l Industries

Points lost due to collision:
418 5048 5112 5128
5035 5080 5119

Figure 5. Industries Discharging
Greater than 50,000
Gallons Per Day
No points lost due to collision.
Figure 6. Industries Discharging
Zero Gallons Per Day
Points lost due to collision:

5080 5112 5120 5128

Figure 7. Food Industries
Points lost due to collision:

172

Figure 8, Textiles Industries

No points lost due to collision.

Figure 9. Paper Industries

No points lost due to collision.
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Figure 10. Chemical Industries
' No points lost due to collision.

Figure 11. Metals Industries

No points lost due to collision.
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