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1.0 INTRODUCTION

Control l ing and disposing of mankind ’s waste products has, in
the past several years become a critical probl em, 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
pollut ion are bas icall y three : domest ic sewage , industr ial
wastewa ter, and storm water runoff. Each offers its
particular problems and Is 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 pollut ion. 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 rianufacturing process wastewater discharges in
the Eastern Massachusetts Metropol itan Area and to project the
magnitude of this problem Into the future. Additionally, the
data collected Is 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.
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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, mos t of Norfolk , Middlesex,
and Essex Counties as well as small portions of Pl)lnouth
County to the south and Worcester County to the west. As
shown in Figure 1, the study area contains 109 cornunities.
Of these , thirty-two fall within the SUASCO study area. The
remaining seventy—seven fal l primarily within the drainage
areas of the Neponset and Charles Rivers to the south of
Boston and the Mystic, Danvers, and Ipsw ich Rivers to the
north. Table 1 lists the coninunities within the study area.
Those which fall entirely or partly In the SUASCO study area
are marked with an asterisk.

The industr ial focus of this study i s an outgrow th of earl ier
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 l isted 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 tha t, for maximum data gathering efficiency, onl y
the larger industrial sites should be investigated.

In l ight of this, the expanded list 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
inc l uded 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 Insure the inclusion of the ma~~rity oflarger dischargers. -
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TABLE 1. EASTERN MASSACHUSETTS
METROPOLITAN AREA C0I’VIUNITIES

ACTON* CHELMSFORD* HULL

ARLINGTO N CHELSEA IPSWICH

ASHLA ND* COHASSET LEXINGTO N*

AVON CONCORD* LINCOLN*

BEDFORD* DANVERS LITTLETON*

BELL INGH AM DEDHAM LYNN

BELMONT DOVER LYNNFIELD

BERLIN* DUXBURY MALDEN

BEVERLY ESSEX MANCHESTER

BILLERICA* EVERETT MARBLEHEAD

BOLTON* FRAMINGHAM* MARLBOROUGH*

BOSTON FRANKLIN MARSHFIELD

BOXBOROUGH* GLOUCESTER MAYNARD*

BOXFORD HAMILTON MEDFIELD

BRA INTREE HANOVER MEDFORD

BROOKLINE HINGHAM MED WAY

BURL INGTON* HOLBROOK MELROSE

CAMBRIDGE HOLLISTON* MIDDLETOWN

CANTON HOPKINTON* MILFORD

CARLISLE* HUDSON* MILLIS
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TABLE 1. EASTERN MASSACHUSETTS
METROPOLITAN AREA COMMUNITIES (CONTINuED)

MILTON SAUGUS WENHAM

NAHANT SCITUATE WESTBOROUGH*

NATICK* SHARON WESTFORD*

NEEDHAM SHERBORN* WESTON*

NEWTON SOMERVILLE WESTWOO D

NORFOLK SOUTHBOROUGH* WEYMOUTH

NORTHBOROUGH* STONEHAM WILMINGTON

NORTH READING STOUGHTON WINCHESTER

NOR WELL STOW* WINTHROP

NOR WOOD SUDBURY* WOBURN

PEABODY SWAMPSCOTT WRENTHAM

PEMBROKE TEWKSBURY *

QUINCY TOPSFIELD

RANDOLPH WAKEFIELD

READING WALPOLE

REVERE WALTHAM

ROCKLAND WATERTOWN

ROCKPORT WAYLAND *

SALEM WELLESLEY

* Coninunlties wholly or partly in the SUASCO study area

.5



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

6
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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

— - - .- -
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TABLE 3. INDUSTRIAL GROUPS STUDIED

SIC CODE SIC CODE NAME INCLUSION CRITERIA

0211 Beef Cattle Feedlots >50,000 GPD

0213 Hogs >50.000 GPO

0214 Sheep and Goats >50,000 GPO

025 Poultry and Eggs >50,000 GPO

201 Meat Products >50,000 GPO

202 DaIry Products >50,000 GPO

203 Canned and Preserved
Fruits and Vegetables >50 ,000 GPO

204 Grain Mill Products >50,000 GPD

205 Bakery Products > 250 Emp.

206 Sugar and Confectionery
Products > 50,000 GPO

2074-2076
and 2079 Fats and Oils > 100 Emp.

2077 Animal and Marine
Fats and Oils - > 50,000 GPO

208 Beverages > 100 Emp.

2091 Canned and Cured
Fish and Seafoods > 50,000 GPO

2092 Fresh or Frozen Packaged
Fish and Seafood > 50,000 GPD

2095 and
2097-2099 Miscellaneous Food

Preparations and
Kindr ed Products > 100 Emp

.8



TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA

21 Tobacco Manu facturers > 250 Emp.

22 TextIle Mill Products > 50,000 GPO

23 Apparel and Other
Finished Products
Made from Fabric and
Similar Mater ials > 250 Emp.

24 Lumber and Wood Products,
Except Furniture > 50,000 GPD

25 FurnItu re and Fixtures > 250 Emp.

261 Pulp Mills > 50,000 GPD

262 Paper Mills, Except
Bui ld ing  Paper M i l l s  > 50,000 GPO

263 Paperboard Mills > 50,000 GPD

264 Converted Paper and Paper-
board Products, Except
Containers and Boxes > 100 Emp.

265 Paperboard Containers and
Boxes > 100 Emp.

266 Build ing Paper and Building
Board MIlls > 50,000 GPD

27 PrIntIng , Publishlng ,and
Allied IndustrIes > 250 Emp.

281 Industrial Inorganic
Chemical s > 50,000 GPD

282 Plastic Materials and
Synthetic Resins > 50,000 GPO

9 



TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA

283 Drugs > 100 Emp.

2841 Soap and Other Detergents,
Except Specialty
Cleaners >50,000 GPO

2842 Specialty Cleaning,
Polishing , and
Sanitation
Preparations > 100 Emp.

2843 Surface Active Agents,
Finish ing Agents,
Sulfonated OIls
and Assi stants ? 100 Emp.

2844 Perfumes, Cosmetics, and
Other Toilet
Preparations > 100 Emp.

285 Paints, Varnishes , Lacquers ,
Enamels and All ied
Products > 100 Emp.

286 Industrial Organic Chemicals >50,000 GPD

2873 Nitrogenous Fertilizers >50,000 GPO

2874 Phosphate Fertilizers >50,000 GPD

2875 FertilIzers, M ixing Onl y >50,000 GPO

2879 PesticIdes and Agricultural
Chemical s, NEC > 100 Emp.

2891 Adhesives and Sealants >50,000 GPD

2892 ExplosIves > 100 (nip .

2893 Printing Ink > 100 (nip.

10
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TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCL USION CRITERIA

2895 Carbon Black > 100 (nip.

2899 Chemicals and Chemical
Preparations, NEC >50,000 GPO

291 Petroleum Refining ~‘5O ,OOO GPO

295 Paving and Roofing
Materials  > 100 Emp .

299 Miscel laneous Products
of Petrol eum and
Coal > 100 Emp.

301 Tires and Inner Tubes >50 ,000 GPO

302 Rubber and Plastic Footware >50,000 GPD

303 Recla imed Rubber >50,000 GPO

304 Rubber and Plastic Hose
and Belting >50 ,000 GPO

306 FabrIcated Rubber Products,
NEC >50 ,000 GPO

307 MIscellaneous Plastic
Produc ts > 100 (nip.

311 Leather Tanning and
Finishing >50,000 GPO

313-317
and 319 Leather Products > 250 (nip.

321 Flat Glass > 50,000 GPD

322 Glass and Glassware,
Pressed or Bl own > 50,000 GPD

11 
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TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSIO N CRITERIA

323 Glass Products , Made of
Purchased Glass > 250 (nip.

324 Cement, Hydraulic > 50,000 GPO

325 Structural Clay Products > 250 Emp.

326 Pottery and Related
Products > 250 (nip.

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 GPO

331-336 Primary Metals > 50,000 GPO

339 MIscellaneous Primary
Metal Products > 250 (nip.

341-346,
348 and 349 Fabricated Metal Products,

Except Machinery and
Transportation Equipment > 250 (nip.

3471 Electroplating, Plating ,
Polishing, Anodizing ,
and Coloring > 50,000 GPD

3479 CoatIng , Engraving , and
Allied Services, NEC > 100 Emp.

12 
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TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME INCLUSION CRITERIA

35 Machinery, Except
Electrical > 250 Emp.

36 Electrical and Electronic
MachInery , Equipment
and Supplies > 250 Emp.

371 Motor Vehicles and
Motor Vehicle
Equipment -> 250 Emp.

372 Aircraft  and Parts > 100 Emp.

373 ShIp and Boat Building
and Repairs > 100 Emp.

374 RaIlroad Equ ipment > 250 Emp.

375 Motorcycles, Bicycles and
Parts ‘ 250 Emp.

376 Guided Missiles and Space 
—

Vehicles and Parts > 250 Emp.

379 M iscellaneous Trans porta tion
Equipment > 250 Emp.

38 Measuring , Analyzing and Con-
t roll in g Instruments ;
Photographic, Medical , and
Optical Goods; Watches and
Clocks > 250 Emp.

391 Jewlery, Si l verware , and
Plated Ware > 250 Emp.

393 Musical Instruments > 250 Emp .

394 Toys and Amusements, Sporting ,
and Athletic Goods > 100 (nip .

13
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TABLE 3. INDUSTRIAL GROUPS STUDIED (CONTINUED)

SIC CODE SIC CODE NAME 
- 

INCLUSION CRITERIA

395 Pens, Pencils and
Other Office and
Artists ’ Material s > 250 Emp.

396 Costume Jewlery, Costume
Novel ties, Buttons
and Miscellaneous
Notions, Except Precious
Metals > 250 Emp.

399 Miscellaneous Manufacturing
Industries > 250 (nip.

4911 Electric Services >50,000 GPO

4931 ElectrIc and Other Services
CombIned >50,000 GPD

806 Hospitals >50,000 GPD

14
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Thus, the scope of the current study Is to inventory the
discharges of the larger manufacturing Industries in the 109
coninunity study area. This report includes data on all
industrial sites meeting the selection criteria in Table 3.

To allow plann ing to meet future wastewater dIsposal needs,
the expected Industrial waste loads were projected wel l 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 long—range plann ing of waste treatment
facilities.

The l imitations of the study are those of scale. The purpose
of the study is to col lect information on the magnitude and
compos it ion of industrial wastewater discharges for industrial
groups at the regional l evel. 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 thi s study was to develop a
usable data acquisi tion system and computer plotting routine
to allow the manipulation and mapping of the collected data.
Suc h a system is requ ired if the data bank is to become more
than an artifact. The system developed for this study allows
almost unl imited flexibility in selecting from the data bank
and provides maps of the selected Industrial locations at a
scale of 1:150000 (I” =12 ,500’) for the rapid identification
and location of concentrations of Industrial dischargers, and
at a scale of 1:24000 (l” =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.

15
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1.3 Sununary

Data were collected on the larger representatives of most
industrial groups found in the 109 conununities in the Eastern
Massachusetts Metropolitan Area. For each of the 253
representatives of these industrial categories, data were
col lected 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 col lected where known, and estimated
where unknown.

This information was then transferred to a computer-assisted
data manipulation and plo t t ing  system designed for th i s
purpose. Thi s allowed the l isting and plot ting of all data or
selected portions of the data.

The data man ipula tions performed ind icated that the curren t
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
tota l )  are being d ischarged by the 95 lar gest d ischargers ,
while 49 of the surveyed locations discharged no process
water.

Additional mani pulations of the data indicated for the
industries surveyed the following distribution of process
was tewater d i schar ges by indus tr ial group: the chem ical
industr ies (SIC Code 28) , 26% ; the food i ndustry (SIC Code
20), 22%; the paper industr ies (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
ind icate that improvements in water use technology will offset
expected growth in industrial production to a great extent.
In fac t, process wastewater volume from the surveyed
industries is expected to remain constant until 1 990, followe d
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 impl ementation of i~iore stringent Federal
control s on indus tr ial di scharges an d the consequen t adop tion
of better treatment processes by the individual industries.

16 
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2.0 METh OD

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 -‘athered from local
publ ic and university libraries, the U. S. Env ironmental
Protection Agency, the i~nny 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 discha rge
data was found in the National Pollution Discharge Eliminat ion
System (NPDES) Permit Appl ications. These applications are
filed with the U.S. EPA by any industrial site discharging
Into navigable waters. Files of these applications are

inta inad by the EPA offices in Boston and by Massachusetts
Olvision of Water Pollution Control. Both files were searched
for applications by firms included in the study. When
ava i lable, such applications include extensive information on
the location, quantity, and constituents of each site ’s
discharge.

17



-— — ~— “
~~

- -
~~~~~~~~~

- ----~~~~T

2.1.2 Metropolitan District Commission Files

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

2.1.3 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 qual i tative
information , such as found in the IIDC Questionnaire responses.

2.1.4 Telephone Query

When existing data banks di d not conta i n i nforma tion 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
consumpti on, etc.) at riost 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 literature reviewed for this
study is found in Appendix J.
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Wastewater figures found in the literature for a particular
industry were compared and, where possible, averaged together
to provide general ized 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 comp i led and sumar ized
wastewater figures for a large number of individual sites,
this information was used in the estimation of effluent
qual ity.

2.1.6 Discussion of the Industrial Literature

The bib l iography presented in Append ix J was prepared from
existing information found in the scientific literature.
Thus , its completeness an d accuracy are dependent upon the
quality of that literature. 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, Texti les , 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
manufac ture requ ires almost no water and uses primaril y
silica , wh ich is chem icall y inert , as a raw material. In this
case, the l iteratur e conta ins almo st no reference to
wastewater quality.

Additionally, several of the industrial categories exhibit
peculiar ities 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 specie~l trea tment 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 .
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Feedlots: For the purposes of this study the feedlo t
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 suc h, 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. Wal ter Lewis of the
Massachusetts Division of Animal Uealth indica ted 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
unusuall y lar ge estimated di scharge of mercury, based on
l iterature 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 indus tr ial des ignat ions
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-l972, 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 m ight fall under other codes. An example

20
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of this is the electroplating associated with the production
of electronic components. This listing 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 text ile mi fls
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—d igit 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
l ocat~on surveys. The first was the selection of a mapping
scale and base maps. The locations surveyed were napped 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 location of the USGS Quadrangle Maps
necessary to cover the study area. A di scussion of the use of
the location coordinate system is presented In Section 2.2.2.

F inally , a data form was devised to allow the consistent
presentation of data on each industrial location and to
facilitate the transfer of this Information into a data
retrieval system. The form 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 l ist 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 list was verified by consulting
with the Massachusetts Department of Commerce and by
individual telephoning. Mr. William Tsasfaras, of the
Department of Comerce, ind icated 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

21
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60% of the loca tions listed in the study area were called
individually. This allowed el imination of those firms which
are offices or retail branches of manufacturing companies as
wel l 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 el iminate 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 col lection 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 is 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-d igit 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
l istings 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 ind icated in Table 4.
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Location: The geographical locations of tile individual
industrial sites were found by consulting maps in the
Assessors ’ offices of tile towns in the study area. These
locations were then transferred to USGS Quadrangle laps,
which form the basis of the location coordinate system
presented earlier in Figure 2. The Quadrangle i-laps are
include d with thi s repor t un der separa te cover.

The units used to enter the location coordinates on tile data
form correspond to a grid of 200 feet. The scale of the USGS
Ilaps is 1 =2000 feet, so each grid square equals one tenth of
an inch at this scale. Thus, one unit of a location
coordinate refers to 200 feet in tile 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
Ma ps, it is necessary only to note the coordinates of the
lower left corner of the quadrangle in Figure 2 and then
rieasure the distance from the lower l eft corner to the point
along the horizonta l and vertical directions in tenths of
inches and add these to the corner coordinates. The X
location refers to the distance along the horizonta l axis , ana
the V location indicates distance along the vertica l axis.

An example might be helpful. Suppose a location is mapped ten
inches from the left-hand I~argin of tile Natick Quadrangle Map
and five inches from the bottoili. Reference to Figure 2
indicates that the lower left corner coordinates of that
quadrangle are X=510, V=682.5. The coordinates of the point
of interest are +100 units (10 inches) in the horizontal (X)
direction and +50 units (5 inches) in the vertical (Y)
direction as measured from the lower left of the quadrangle.
Thus , the coordinates of the point arc X 5l0 + 100 = 610 and
Y 682.5 + 50 = 732.5. On the data sheet, these are rounded to
the nearest whole unit and would be entered as X 610, Y 133.

Seasonal Production: The variat-losi in seasonal production was
taken from the individual phone nntacts. Most industries
showed uniform production over thc ~‘ear. The chief exceptions
to this were the food indus~ri i~ (SIC Code 20). These
industr ies , as expected, show sea sonal variations of
production reflecting avai la bi l i - i~ of raw produce and
l ivestock. As a group, these Ind!5 S~ I iPS tend to show higher
summer and fa l l produc tion tha n wi~s t r  and spring production.
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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.

f4umber of Emp loyees: The number of employees was taken from
the Directory of New England Manufacturers and confirmed by
the tel ephone contacts.

Water Use: Major water source , total consumption , process -:
water discharge , major place of discharge, an d trea tmen t
information were generally col lected from phone contact with
ind iv idual manu factur ing plants. If water use figures were
not available from this source, tile town water departments
were contacted to give figures for those industries on
mun icipal systems. Information on water use was also
available from NPDES permit appl ications kept on file by the
Env ironmental 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
Questionna ire 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 compar i son to sim i lar
sites In the area , or by appl yin g da ta con ta ined i n The
Economics of Clean Water, published by the U. S. Environmen~€~TProtection Agency in 1972. The Economics of Clean Water
contains breakdowns of industrial process water discharge for
each area of the country by four-digit SIC Code.

It should be noted tha t the d i scharge coded is proces s 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 consumpt ion and
very low or zero discharges.

The entries for treatment and efficiency represent estimates
of the in—house trea tment provided at a location. “1” refers
to primary treatment, such as screen ing , settling and
neutralization; “2” refers to secondary trea tmen t, normall y by
bacterial action , and “3” refers to tertiary trea tmen t, 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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Pollu tants: For many of the indus tr ial locations , figures for
industrial wastewater pollutants were provided by the UPDES
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 comonly listed 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 used is
entered as a metal or other pol lu tan t, 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 l eft blank. If more
than one data source was used, all were coded. Thus , “35”
indicates source “3” an d source “5” were used.

2.3 Data Retrieval and Plotting

To al low 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 da ta
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 w i l l
be studied. A full description of the data handling system is
foun d in the User ’s Manual — ECOSYS — A Compu ter 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 label s 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
coninon 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-j ustified. 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 chec k, a messa ge
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 loader takes data which has been verified and
corrected an d loads i t into a computer tape or d i sk fi le 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 “ 0” (zero). This
allows a distinction to be made between fields for which
information Is not entered and fields which are known to be
zero.

L 
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2.3.3 Data Selection

When the data has been loaded 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 func tion of one or
more parameters. The only fields which may not be selected on
are “Location Uianber,” “Name, Address ,” and “Location.” Th i s
was done to preserve anonymity of data on individual
locations.

Select ion criteria which are available are “greater than,”
“less than,” and “equal to.” These may be grouped using
logical statements to select ranges (I.e., BOO between 10 and
100 lb. 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 suninary of the records selected. This suninary
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, i ncl uding the number of observations, the tota l ,
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 Man ual 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 l” 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 ‘9ost 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 locations 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 locations of the individual sites are
indicated on Figure 4. The tabulation and plotting reveal
severa l significant points about industrial wastewater in the
Eastern Massachusetts Metropolitan Area.

First , process water discharges total in excess of 34,000,000
gall ons per day from the 253 large 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 pol lu tan ts
are present in the waste stream in large amounts.

Second , the industrial locations tend to concentrate in
groups. This is par t icular ly  true of the areas around Boston.
These dense groupings are of particular interest in planning
waste disposal systems.

F inal ly,  an examination of the listings 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
wit h 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 loca tions , they discharge
about 99% of the total daily process wastewater load 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 dlschargers.

Another point of interest is the SIC classifications of these
discharges. Al though many codes are represented in the list,
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).

Appendix 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. -

Appendix 0 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 gal lons (23% of the total for all industries
surveyed). As would be expected from the organic nature of
their products, they are high producers of BOO load,
discharging 46,000 pounds per day (62% of the total BOO
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 0f 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 pa~.ier industry (SIC Code
26) locations. Collectively, these locations d ischarge
5,170,000 gallons of process wastes per day (15% of the
total), with one site (location #352) discharging over four
million gallons per day.

Appendix G and Figure 10 list 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 I-I 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 thi s
breakdown is the small contributions of the metal and textile
indus tr ies, 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 indus tries , far removed from major coal and ore
sources, engage in little 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 wi th in
the study area , several assumptions were made. This was
necessitated by the fact that quantitative projections have
normall y been undertaken for ir1custrial water consumption
rather than wastewater discharge.

It was assumed , therefore , that d ischarge is d irectly rela ted
to consum pti on and is, in fact, a cons tan t percen tage of
consumption . This implies that, as indus tr ial processes
become Illore eff icien t in the ir use of water , both intake and
d ischarge w i ll decrease by sim i lar amoun ts.

The basis for this assumption is 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 , wi th recycl ing, consumption
and discharge will decrease by similar amounts is somewhat
conservative in that evaporative losses will slightly reduce
the ratio of discharge to consurl1ptlon.

It was further assumed that the concen tra tions of the var ious
pol lu tan ts  in a wastewa ter stream w i ll rema i n cons tan t with
t ime. This implies that a reduction or increase in total
effluent volume will cause a like decrease or increase in the —

total amount of pollutants. This assumption is based on the
observation that a more efficient use of water is likely to
incr ease the ease of recovery of waste produc ts an d to ma ke
some in—house treatment less difficult and expensive by
reducing the total volume of flow.

Both of these assumptions are slightly conservative and will
tend to overestimate future waste loads, rather than
underestimate them. It is likely that, wi th process
Improvements , more efficient use of water will slightly reduce
the ratio of discharge to consumption. Additionally, the
control s on industr ial wastes whi ch are l i kel y to be
instituted as a result of the Federal Water Pollu tion 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 Discha rge” by 1985
might not be real ized, it does suggest that industrial wastes
may be far better controlled in the future than currently.

Thus , the projections made herein for the industr ial 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 vol umes could
be mult ipl ied 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 Wo rks Association .

The projection factor , called “F” , is def ined as

F =  E x O
R x T

where:

E = Employmen t factor
O = Output factor
R = Recirculation factor
T = Technology factor

The four independent factors are designed to account for the
major variables governing changes in Industr ial water use.
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The Employment Factor is defined as the ratio of future
employment to current emplo,yi~ent. Thus , as employment rises,
production is 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 Recirculatlon Factor Is designed to take Into account
future economies of water use. It is defined as the future
recirculatlon of water divided by the current recirculation of
water. Thus, if an industry increased Its recirculatlon, the
estimated discharge will be reduced.

The Techno logy 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 less
water, the value of “1” increases and the value of “F”
decreases.

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

4.2 The Economic Factors (E x 0)

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

E = future employment
current employment

o = future output per employee
curren t out put per employee

This implies tha t:

E ~ 0 = future total out~utcurrent total output

49
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The most coninon 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 availabl e 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 is the Obers study area most nearly approxic~ating the
Eastern Massachusetts Metropolitan Area.

Table 6 presen ts the E x 0 factors ta ken from the Obers
Projections for the major industrial groups. It should be
noted that the values for 2050 were linearly extrapolated from
the va lues 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 -
~ 1)

The Rec ircula tion an d Technolo gy factors are , at best , onl y
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 “I” values
used for this projection were derived from those presented by
Stewart and Fletzger and from the values used in Alternative
Re9ional Water Supply Plans for Northern New Jersey, New 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 “1” factors have been assumed to grow linearly with
time. Thus, they were extrapola ted on a stra ig ht l ine to
yield values for 2050. The “R” and “T” factors are presented
in Table 7.

An examination of these factors indicates that both
recirculatlon of water and technological economy of water will
both increase in the future. This is especially noticeabl e in
the chemica l 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 economic 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 load
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 I ndustr ia l  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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I.I _ 5 ~~~~~ 5-I — 5-5 — 5..— I-.— I-. — 5-. — I 5~~— I~I~~.UU z I • U U  351 •UU 35. 51343 35 55)53 35 55)5) 7 • U U  35 SU U  35 I •UU -5-5-. I U U  p5--5) - 51 •-. ~~ 3, 51 5-. I_s :~ ~~ ~~I 55 

~9 51 5-I 55 53 51 4-4 5) :. ‘ a .5 . ~ ~~ ..I 54 :1 0. .5 I 5) 43 51 IS I 55 23 353 5 ( 1 55 ~~~~~~~~ 5 505) 554)53 53.051 55(353 0.05) 0(35) 5 0 05 5  5 00 5 5
555 4._I I CS 0 (-5 I] I~4 Ci :55 0 53 53 55-4 0 5-~~ C • 5-~~ ~~ ~ ~~ 05)51 5 1)51 5?)51 5535 ~~ 51 5)~~ 54)01 1)51 I 5)5. 5I&0. _ 

~~ 5 11. III I). 51 0. VI 0- 0) (5. 54) I 0. I) 0. Il) I 0. 55 0. 53. _
_ I I-. 5 ~) 5.

~ • (4 I.. S (4 0.. 55 5.) 5-. 5 5.3 5 5 5 5  5.) 5.. 5 5.) 5 . 5 5  I.) 5. 5 5-3 5-~- - .4 5-4 .5- I ~ .3 UI 35 .0 .1 51 3 35 .3 51 35 .54 .3 VI 35 ~ .1 541 35 I ~ .3 VI 35 I :5- .3 VI .5 5 2’ .3 VI 35 .5- .1 51 ~~f).~~53 5)404:3 . 0453 5) 0 45 3  51 0453 4 04 5 3  4 5 0 4 5 3  4 5 0 5) 5 3  4 0 0~~~~~ 5) 0453 4
.5 5 - I-. I 54 ~~ I. 5-. .3 I-s • .5 I.. IS 35 5-S 54 . 5.. 5 5-I .3 5-I 5 5-4 .5 5. I I.. 7 54 5-4 3. 54
I. I - 551 

~~ 5 ~-. ~
j 
~~ :3 5-. Cl 3. 53 5— 1) 35 :i I-. 0 3. 23 I—I Ci 51 53 I I—. II IL 53 I 54 4) 53. 53 5 54 0 3. 53 5-~ ~~ ~~5) 03 II) .-5 I 4 51 5-~ •-) ~~ 51 5.) .4 4 VI I.) ..-4 4 51 5-I .3 51 ) (4 .4 4 4 53 544 .1 9 51 0) 5-3 .3 S 4 55- (4 .1 4 VI 5-I .1

U 5) 5-. .j 5 5.j .4 55 .3 U 51 55 .1 U .5 54 .1 U 5) I .3 U 5) 54 .3 ~ 5-1 ‘3. 55 .1 I 5-~ ~~ 5-~ ~~ 5-~ ~ 5-~ ~ 5-i ~ 5-~ 5.3
II 54 4 I) I I) 5-I 5) C) U 5.5 5) CI (I 1.) .54 0 5, 5.3 ~51 0 0 5-) 4 Ci I U 5-I 5) Ci I C) I.) 5) CI I.) I.) 4 Ci U 14 4 0
.1 5-) • 5%. I .3 ~~ s 0. .5 51 -5 0- .5 55 5 S. .3 55 .0 0. .2 53 5 0. I .3 III S 0. I .1 55) 5 II. I .1 51 5 S. I .1 5) -5 0.

A24

~~~~~~~~~~
-- - -

~~~~~~
-

~~~~~~~.--- -~~ 
_ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ - - _ _ _ _ _ _ _



r--
~~~~

- 
~

-- -

~~

---—
~~~

-- --

~

- _ _ _

S S S 5 5 • • S S- 
0 • S S 0 S .5 5 .5 5 .5 • 5) S IV S .5 5 55
5, 0 5) 0 55 0 15 0 I- 0 54. 0 5) 0 15 0 55 0 5)
5) 5-. 55 55. .5 .5 .5 .5 55- 55

.5 .5 — .5
S S S
S I S

U S C )  ~~ U
g 0- ~~ S. ~~ 0- ~~ 0- ~~ 0. e S. 50 S. S. 50 S. ~~.1 35 .1 35 .2 35 .3 51 II 35 .3 35 l.a 35 .2 35 .3 35 .5
S 5. S S. S I-I S IS S I-. U I. 5 - S  S. U S. B 5.. I

5-I 55 5-5 5-I 5-I 5--s 51- 34 3-. I.
S

. 5) ~~ ~~ . ~~ I • 5) 5)
S • S S • S

5 0 • 0 • 0 5 0 • 0 • 0 5 .  0 • 0 s .  a
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5)51 5 5)51 U51 5 ) 5 1  45 1  45 1  4 5 1  5 43 5  1 3 5 2  3 5 5 1
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APPE NDIX B

INDUSTRIE S DISCHARGING

50,000 OR MORE GALLONS PER DAY
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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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POINTS LOST FROM PLOTS 
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Figures 4 through 11 of this report were prepared from corn-
‘ 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. All 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 F

Points lost due to collision :

5080 5112 5120 5128

Figure 7. Food Industries

Points lost due to collision :

172

Figure L Textiles Industries

No points lost due to collision.

Figure 9. Paper Industries

No points lost due to collis ion ,

Ii
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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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